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Synopsis

]?art<^ne

P rep a ra tion s  o f n u c leop ro te in  having rep rod n c ib le  

c h a r a c te r is t ic s  w ere  obta ined  fr o m  ca lf  thym us glands by a 

m ild  e x tra ctio n  p ro ce d u re  . A  p re lim in a ry  exam ination  o f the 

d is s o c ia t io n  o f the co m p le x  w as m ade and its  p h y s ico  -ch e m ica l 

b e h a v io u r  w as in vestiga ted  in  re la tio n  to  that o f  its  n u ele ic  acid  

c o m p o n e n t .

The n u c le o p ro te in  was h igh ly  a g g reg a ted  in so lu tion  at 

lo w  io n ic  strength^ but at h igh  ion ic  stren gth  a w eigh t-a verage  

m o le c u la r  w eight lo w e r  than that o f  n u c le ic  a c id  i t s e l f  p rov id ed  

a d d ition a l ev id en ce  fo r  the d is s o c ia t io n  o f  the n u c le o p ro te in .

S p ectrop h otom etr ic  stu d ies show ed that the n u cleoprotein  

w as denatured  by  heat and by a lk a li in a s im ila r  m anner to 

n u c le ic  acid^ although d en a tu ra tion b y  heat was s ligh tly  retarded  

T h e  sp e c trcp h o to m e tr ic  t itra tion  behaviour o f the two substances 

w as a lm o s t  id en tica l, but th eir  p oten tiom etric  titra tion  cu rves  

d if fe r e d  s ig n ifica n tly .

N u cleop ro te in  so lu tion s exh ib ited  the fea tu res  o f  n u cle ic  

a c id  d ev o lv in g  fro m  its unique h e lica l s tru ctu re , indicating that 

this s tru ctu re  is retained  by the n u c le ic  a c id  w ith in  the com p lex  .



P a rt  Tw o

A  gen era l re a ctio n  has been  d is co v e re d  betw een  am ino 

su g a rs  and a ld oses  io r  w hich  the essen tia l requ irem en ts are a 

f r e e  am ino group and an aldehyde group ^

T h ree  com pounds (A , B  and C) w ere  sep a ra ted  by ion - 

exch a n ge  ch rom atograph y  fro m  a m ixtu re  obtained by  heating 

D -m a n n o se  w ith  D -g h ico sa m in e  h yd roch lorid e  . Com pound B was 

id en tiR ed  as 5 -h yd roxym eth y l furfura ldehyde (HM F) fr o m  its u ltra ­

v io le t  a b s o ip t io n  sp ectru m , ch rom a togra p h ic  beh a v iou r, and 

d is tr ib u tio n  c o e ff ic ie n ts  betw een  two d ifferen t so lven t sy stem s, 

and was ch a ra cte r ise d  as its 2 :4 -d in itrop h en y lh y d ra zon e . Compound 

A  w as v e ry  unstable and w as h y d ro ly sed  by c o ld  w ater  to  m annose 

(ch a ra c te r is e d  as its p -n itra n ilid e ) and g lu cosam in e (ch a ra cterised  

as its  ca rb ob en zoxy  d eriva tive ) . On heating in aqueous solu tion , the 

h y d r o ly s is  was accom p a n ied  by degradation  to HM F (ch a ra cter ised  

in  the sam e w ay as com pound B)^ and die fo rm a tion  o f m elanoidins .

T h e  H M F iso la ted  fro m  the re a ctio n  m ixture w as show n to a rise
14fro m  com pound A  and C -H M F w as obtained when the condensation

14w as e ffe c te d  with a m ix tu re  containing C -m a n n ose  and glucosam ine 

h y d r o ch lo r id e , showing that the HMF orig in ated  in  the m annose 

m o ie ty  o f  com pound A .  F ro m  th ese  and other ex p erim en ts , the 

stru ctu re  N -m a n n o sy l-g lu co sa m in e  w as a ssign ed  to com pound A .  

Com pound C w as stab le  in  aqueous so lu tion , and h y d ro ly s is  with



a c id  gave eguinaolecu lar quantities o f m annose and g lu cc^ am in e 

h y d ro ch lo r id e , hut was n ot a ccom p an ied  by a brow ning r e a c t io n . 

O n the b a s is  o f  p e r io d a te  ox id a tion  ex p erim en ts , its  beh aviou r 

in  d ie  E lso n -M o rg a n  re a c t io n , and a num ber o f  other c o lo u r  

t e s t s ,  com pound C w as p ro v is io n a lly  assign ed  the stru ctu re  

6 -O -C b -D -m a n n o sy l-Z -a m in o -2 -d e o x y -D -g lu co se  .

C erta in  aldehydes w ere  found to  behave as b a ses  on a 

su lphonated  p o ly sty ren e  r e s in .  This in terestin g  d is c o v e ry  m ay 

p r o v id e  the b a s is  o f a new  m ethod  fo r  the sep aration  and an a lysis  

o f  a ldehyde m ix tu re s  .



A  cknow l^ dg em ents

TlLe author w ish es to r e c o r d  h is p a r ticu la r  gratitude 

to  P r o fe s s o r  M . Stacey^ P .R .S  . f o r  his constant en cou ragem en t 

and in terest in  these studies . He is  gratefu l too  to 

D rs  , A .  R .  P e a co ck e  and S . A .  B a rk er  fo r  th eir  su p e rv is io n  

an d  d ire ct io n  o f  the w ork  d e s cr ib e d  in  p a rts  one and two^ 

r e s p e c t iv e ly , and to D r . J . R .  M a jor  fo r  e le c tro n  m ic r o s c o p y  

a n d  m any usefu l d is cu ss io n s  ,

Thanks a r e  a lso  ex:tended to  The U n iversity  o f  B irm in gh am # 

G la x o  L a b ora tories  L im ite d , and the W ellcom e  F oundation  fo r  the 

fin a n c ia l support o f this w ork  ,

F in a lly , he m ust e x p re ss  his a p p recia tion  o f  su ggestion s 

a n d  c r it ic is m s  a r is in g  fr o m  d is cu ss io n  with fr ie n d s , c o lle a g u e s , 

an d  m em b ers  o f  the U n iversity  s ta ff, too  n u m erou s to l i s t .



Contents

JPaTt(3ne. T he N u d e o p ro te in  o i  CaM Thym us Glands

G en era l Introduction 1

C hapter P re p a ra tio n  and C h a ra cter isa tion  o f 
M a ter ia ls 14

C hapter H . The D is s o c ia t io n  o f DNP . 29

Ch&pter H I. P o te n tio m e tr ic  T itra tion s 40

C h apter IV . U Itrav!.olet A b sorp tion  Studies 43

C hapter V . L ight S ca tterin g  E xp erin ren ^ 59

C hapter V I . E le c tro n  m ic r o s c o p y . 71

C on clu s ion 74

iPart T^^>. T h e R e a ct io n  o f  M annose with G lu cosa m in e  H y d roch lorid e  

In trodn ction  7 7

D iscussion

The P ro d u ctio n  and P r o p e r t ie s  o f  Com pound A  91

T he S cop e  and N ature o f  the R eaction  92

P re p a ra tio n  o f C om pound A  95

A ttem pts at S ep a ra tion  of the R ea ction  M ixture 
by C hrom atography^ S o lven t E x tra ction  and 
C ry sta llisa tion  99

Ion -ex ch a n g e  C h rom atograph y  101

(3on^poundB 106

H y d ro ly s is  of Com pounds A  and B 108

Id en tifica tion  o f  C om pound B and th e H y d ro ly s is  
P ro d u c ts  o f  Com pound A  112



A n a lys is  o f  Com pound A

T he O rig in  o f H M F , or  Com pound B

T he S tru ctu re  o f Com pound A

Com pound C , Its F orm ation  and P ro p e r t ie s

T he S tru cture  o f Com pound C

G onclus ion

T he B eh av iou r o f  Som e A ldehydes on a 
Sulphonated P o ly s ty re n e  R e s in

E x p erim en ta l 

A ppendix 

R e fe re n ce s

U6

117

121

123

127

130

132

135

186

189



THE N U CE EO PRO TEIN  O F  C A L F  THYMUS GLANDS



GENEILM . INTRODUCTION

D eox yr ib on u cleop ro te in s  (D N P) a re  the p rin cip a l 

constituent o f the ch rom osom ea  o f a l l  liv in g  ce lls^  and a re  

consequen tly  o f  g rea t b io lo g ic a l i ir ^ o r ta n c e . T he thymus 

glands o f c a lv e s , p a n cre a tic  t is s u e s , f ish  s p e rm , and yeast 

c e l ls  a re  p a r t icu la r ly  r ich  in  DNP and these a re  the m ain 

s o u r c e s ,  though b y  n o m eans the on ly o n e s , o f  m a ter ia ls  

w hich  have been  s tu d ie d . C h em ica lly  DN P is  a com p lex  of 

d e o x y r ib o n u c le ic  a c id  (DNA) and p ro te in  and it is  d es ira b le  

to  c o n s id e r  th ese  two com ponents b r ie f ly  b e fo r e  d iscu ssin g  

DNP i t s e l f .

In re ce n t y e a r s  DNA. has been  the fo cu s  o f  m uch
2

r e s e a r c h , although its  ex is ten ce  has long b e e n  known and its 

b a s ic  s tru ctu re  w as esta b lish ed  o v e r  tw enty y e a rs  a g o   ̂ . A s 

a r e s u lt  o f  c y to lo g ica l and gen etica l exp erim en ts  the im portan ce
5

o f  D N A in  h ered ity  and the id en tifica tion  o f  D N A  with tra n s -
6 7fo rm in g  p r in c ip le s   ̂ is  mow w idely  r e co g n is e d  . The ch em ica l

Q
S tru ctu re  o f DNA has benn exam ined in  d eta il and the app lication

o f  X - r a y  cry sta llog ra p h y  has a llow ed  the form u la tion  o f th eories
9 10con cern in g  its fine stru ctu res   ̂ w hich  a re  supported  by oth er  

p h y s ic o -c h e m ic a l  ev idence (loc^  c i t . ) .

T h e se  advances have b een  m ade p o s s ib le  by the d evelop  

m ent o f  m ild  m eth od s fo r  extracting  DNA with a m inim um  o f
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deform a-tion  fro m  its origi^^a.l state  ̂ A s  lon g  ago as 1899^ B ang^ 

obta ined  thym us DNP by ex tra ction  with w ater  and p rec ip ita ted  

it w ith  sa lt and this is s t i l l  the b a sis  o f  m any m ethods currently  

in  u s e .  The re fin em en ts  have been  m ain ly  in  speed  o f  operation^ 

e x tra c tio n  at lo w e r  tem p era tu res , and in  using variou s agents to  

in h ib it en zy m ic  d e g ra d a tio n . The e x tra ctio n  o f  DNP is  a lm ost 

a lw ays the p re lim in a ry  sta ge  in  die p rep a ra tion  o f  DNA and 

p r o te in , and its so lu b ility  is usually m a rk ed ly  dependent upon 

so d iu m  ch lo r id e  con cen tra tion  . M ir sky and P o llis te r  d issolved  

thym us DNP in  m o la r  sod iu m  ch lorid e  in  w h ich  the p rote in  is 

la r g e ly ,  if  not e n tire ly , d is so c ia te d  fro m  the DNA and the protein  

m a y  then b e  re m o v e d  in a num ber o f w ays ( lo c  . c i t . )  leaving a 

s o lu t io n  fro m  w hich  the DNA is r e co v e re d  by  p rec ip ita tion  with 

e th a n o l .

The m ethods o f  orga n ic  ch em istry  have shown DNA to

c o n s is t  o f purine and p y rim id in e  b a s e s , p h osp h oric  a c id , and
14 32 -d e o x y -D -r ib o s e   ̂ . H y d ro ly s is  o f  DNA (both ch em ica l and

e n z y m ic ) has shown the sta ges o f  ita  degradation  to be:

D N A ---------  ̂ n u cleotid es -------- > n u cleos id es  + p h osp h oric  acid

su ga r  + purine and p y rim id in e  baaes ^

T h e  p u rin e  b a se s  a re  adenine and guanine and the pyrim idine 

b a s e s  a r e  th ym ine and cy tos in e  (som e  DNA sa m p les  a lso  contain
15sm a ll am ounts o f  5 -m eth y l cy tos in e  o r  5 -h yd rox y -m eth y l cytosine )

3and the su g a r  is  2 -d e o x y -D -r ib o fu ra n o s e  . In the nucleosides the
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b a s e s  a r e  lin ked  p -g ly c o s id ic a lly  to  2 -d e o x y -D -r ib o fu r a n o s e  

amd the n u cleotid es  a r e  phosphate e s te r s  o f  the n u c le o s id e s  .

T h e  e s te r ifica t io n  ia on  the p r im a ry  h y d ro x y l group  o f  the su gar 

(C g )j but the h y d ro ly s is  p rod u cts  o f  D N A inclu de som e  n u c le o s id e -

3 -5 -d ^ h o s p h a te s   ̂ w hich  in d ica tes  that the a tom , as w e ll 

a s  th e  Cg a tom  o f  the su g a r  is in vo lved  in  the n u c le ic  a c id  m o le ­

c u l e .  On th is e v id e n ce , D N A w as fo rm u la ted  as a p o ly n u cleo tid e

chaijn 1) and althougli it  was orig in aH y thought to be  a
3

te tra n u c le o t id e  , m o le c u la r  w eight m ea su rem en ts  have show n it
19to  be h igh ly  p o ly m e r is e d  . At one t im e  it was thought that a l l

3
the b a s e s  w e re  p re s e n t  in  equal am ounts but m o r e  m od ern  

ch ro m a to g ra p h ic  m ethods o f an a lysis  have b een  app lied  to DNA 

sa m p le s  f r o m  s e v e r a l s o u rc e s  and have d isp ro v e d  this co n ce p t io n . 

In  addition^ th ese  a n a ly ses  h ave  fu rn ish ed  the im portan t 

in fo rm a tio n  that in  DNA s a m p le s , ir r e s p e c t iv e  o f  th eir  s o u r c e , 

the su m  o f p u rin e  b a se s  is  eq u a l to  the sum  o f p y r im id in e  b a ses  

and  the m o la r  ra tio  o f aden ine to th ym in e , and that o f  guanine to 

c y to s in e  is  unity

Although p h y s ica l m ethods w e r e  em p loy ed  o v e r  th irty

y e a r s  a g o  to  study the re a c t io n  o f  thym us D N A with p ro te in s
21and  am in o  a c id s  , it is  on ly  during the la s t  d eca d e  that p h y s ic o ­

c h e m ic a l m ea su rem en ts  m ade on  DNA s a m p le s  e x tra cted  by  m ild  

m ethods h a v e  su pplem en ted  the in fo rm a tion  y ie ld ed  b y  o rg a n ic  

c h e m is t r y .
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P o te n tio m e tr ic  titra tion s  w e re  c a r r ie d  out o n  n eu tra l

so lu tion s  o f  the sod iu m  sa lts  o f DNA and the cu rv es  obtained

o n  titra tion  to  pH Z ,5 and pH  12 d iffe re d  fr o m  th ose  obta in ed

on  b a ck  titra tion , w ith a lk a li and a c id  r e s p e c t iv e ly , to 
22 23 24 25n e u tra lity  *  ̂  ̂  ̂ T h e se  d iE ferences w e re  attributed  by

GuUand and c o -w o r k e r s  to the p re se n ce  o f  h ydrogen  bonds betw een  

t itra ta b le  g rou p s o f DNA (a m in o  g rou p s  and keto  grou p s o f  the
X 22b a s e s ) ,  the bonds be in g  i r r e v e r s ib ly  b rok en  by  a c id  o r  aJkali 

T h e  u lt r a -v io le t  a b so rp tio n  o f  DNA solu tion s (due to die purine 

and p y rim id in e  com p on en ts) was found to in c re a s e  m a rk ed ly

w h en  the so lu tion  w a s t itra ted  to  pH 2 ,5 o r  pH  12 and w as on ly
26p a r t ly  r e s to r e d  to  its  o r ig in a l va lu e  on  b a ck -t itra tio n  . T h is

p erm a n en t change in  a b so rp tio n , o r  o f  the sp e ctro p h o to m e tr ic

t itra t io n  cu rve  ca n  be  in te rp re ted  in term s o f h ydrogen  bond
27 28ru p tu re  p rov id ed  that this cau ses  oth er stru ctu ra l changes ^

V is c o s ity  m ea su rem en ts  h ave  b e e n  m ade on  DNA solutions 

and th ese  indicate a high m o le cu la r  weight^^^^^ . It^ beh aviou r 

is  n on -N ew ton ian  and the m a rk ed  dependence o f  v is c o s i t y  upon
30the ra te  o f  sh eer  w as ty p ica l o f  a lo n g , fib rou s  type o f m o le cu le  ,

29a p r o p e r ty  w hich  w as a ls o  r e fle c te d  in  its s tre a m ir^  bicefring^enne

T h e a c t io n  o f  a c id  o r  a lk a li on  DNA ca u sed  a  m a rk e d  fa l l  in
. , , 31v is c o s i t y  and the d isappearan ce  o f stream ing b ire fr in g e n ce  and 

th ese  d a ta , in  con ju n ction  w ith t itra tion  ev id en ce  tended to su ggest 

that the h y d rog en  bonds w e re  in te r -m o le c u la r  ra th er  than in tra -
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inc^ecul^r^^^

M easu rem en ts o f  the m o le cu la r  w eight o i D N A sa m p les

have b een  m ade fro m  sed im entation  and d iffu s ion  experim en ts

but d iff icu lt ie s  w ere  en cou n tered  in  a s se ss in g  the con cen tra tion
33d ep en d en ce  o f these p ro p e r t ie s  . The a p p lica tion  o f the th eory  

o f  ligh t sca tterin g  to m o le cu la r  w eight determ inations
38 39an d  the p a ra lle l d evelopm en t o f exp erim en ta l m ethods ^

h a ve  p ro v id e d  a u sefu l new  technique in  m a cro m o le cu la r  stu d ies  .

F r o m  ligh t sca tterin g  data the m o le cu la r  w eight o f  m a c r o -
40m o le c u le s  can  b e  m ea su red  and in form a tion  a ls o  obtained

con cern in g  m o le cu la r  s h a p e . Using this m ethod , D oty and
6B u n ce  obta ined  m o le cu la r  w eights o f  4 x  10 and s im ila r

33 42va lu es  w e r e  obta ined  b y  o th er  w o rk e rs  * . T h e  valu es

r e c e n t ly  obtained on  n ew er DNA p rep a ra tion s  a re  around

6 X 10 , although the d is c o v e r y  o f DNA fra ction a tion  by
45 46C h a rg a ff  and oth er w o rk e rs  ind icates that a sp re a d  of values

is  to  be  exp ected , and som e la r g e r  m o le cu la r  w eights have been
 ̂ ^ 3 3 ,4 2  r e p o r te d

P ro b a b ly  the m o st  im portan t p h y s ica l ev id en ce  fo r  

fo rm u la tin g  the DNA m o le cu le  has com e  f r o m  ra y  c ry a ta llo -  

g ra p h ic  stu d ies  . Sam ples o f  DNA fro m  a n um ber o f  d ifferen t 

o rg a n ism s  a l l  gave  v e ry  s im ila r  X -r a y  d i a g r a m s a n d  on  the 

b a s is  o f  th ese  and s im ila r  ex p erim en ts  a m o d e l has been  c o n -
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F igure 1. The DNA tnodei u sed  by Brown, and T od d
18

9
Figure 2 . TheDN A m od e l o f W atson  and C r ic k

F igure 3 . Hydrogen bonding (indicated  by the broken  line) .g 
between pairs of bases fro m  opposite  strands o f  the heiix^
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stYYLCted  ̂ a h e lica l ioYm j typ ica l o f  ^ate3? soluble
9.10polym ers^ and with which the chem ical evidence is consistent 

This m odel com prises two polynucleotide chains intertwined 

h e lica lly  around a com m on a x is , but running in the opposite 

se n se , and the base m olecu les  p ro ject inside the hehLx perpendicular 

to its fibre a x is ; it is represented  diagram m atically  in Figure 

The rig id ity  of the structure is maintained by hydrogen bonds b e - 

tw een  the pairs of bases inside the helix ; the phosphate groups 

p r o je c t  out from  the h e lix  and are  th erefore  able to  bind cations .
48T he groups involved in the hydrogen bonds are  shown in F igure 3 ,

and the s te r ic  requirem ents o f  the m odel w ill only perm it hydrogen

bonding between a purine and a pyrim id ine: a  th ird  hydrogen bond

betw een guanine and cytosine (between the am ino group on of

guanine and the carbon yl on o f cytosine) has quite recently  been
47suggested  by Pauling  ̂ An im portant and unique feature o f this

structure is that i f  the nucleotide sequence o f one of the helica l

strands is fixed  this autom atically  fixes the sequence in the other

h e lix . The b io log ica l ram ifications of this structure have been 
48em phasised  for it suggests the basis for a p ro ce s s  o f s e lf -  

re p lica tio n .

The riq)ture o f the in tra -m olecu lar hydrogen bonds would 

lead to  a co lla p se  of the highly ordered  stru ctu re , and if  sufficient 

hydrogen  bonds in sequence a re  broken  this does in  fact occur 

g iving, by analogy with protM ns, a denatured m olecu le  . The
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p r o c e s s  o f dei^aturation has beeit studied by the app lication  of
49 50p oten tiom etric  titra tion   ̂ ei^perim ents, and v is co s ity  and

^7 28u ltra -v io le t  ab sorp tion  m easurem ents  ̂ , and m o re  recen tly
51lig h t-sca tte r in g  m ethods have a lso  been  u tilised  * These

experim en ts have shown that i f  DNA solutions a re  heated,

e ^ o s e d  to  a c id  or alkaline pH^ o r  irradiated  with u ltrason ic

w aves or  Y -r a y s ,  the m o lecu le  can be denatured, and the extent
50 52o f  denaturation  can be a s se sse d   ̂ . Denaturation by dilution

53has a ls o  been  rep orted

The p ro te in  m oiety  o f the DNP com plex  has rece ived

le s s  attention than the DNA and m o st o f the w ork  has been

a n a ly t ic a l . Although other p rote in s are  com bin ed  with DNA in
13 54 55the DNP com p lex   ̂  ̂ , the m ain  ones a re  usually either

h is to n e , w hich is  ch a ra cte r ise d  by a high argin ine and lysine

con ten t, o r  protam ine w hich is  a lm ost an extended polyarginiae
56m o le cu le  o f  quite low  m o le cu la r  weight . P rotam in es have

57been  ex tra cted  from  the sp erm  o f  sev era l sp e c ie s  o f  fish ,  but

^he p ro te in s  associa ted  with DNA in thymus glands are  m ainly 
54h iston e  ,

21T h e  p ro te in  o f DNP w as extracted  by H am m aratehi by

p rec ip ita tin g  w ith  sa lt and ethanol fro m  a solu tion  o f  DNP . It
54m ay a ls o  be  re co v e re d  by so lvent extraction  o r  by acidifying a

58solu tion  o f  DNP and B utler and co -w o rk e rs  have com pared the
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sediiYienta.tioB.prope3rties o f  m a teria ls  extracted  by salt p recip ita tion  

and by acid  treatm ent* F ro m  tbeir results they suggested diat the 

g re a te r  h eterogeneity  o f  the m a teria l obtained by sa lt precip ita tion  

m ight have a r isen  fro m  degradation  by cathepsins which would be 

a vo id ed  in  acid  solution  and they th ere fore  recom m ended the 

p rep a ra tion  o f histones by  acid  treatm en t.

Thym us h istone has been fractionated  by Crampton^ M oore 
59and Stein  n sin g  ion -exchange rea m  colum n chrom atography and

at le a s t  five  d ifferen t proteins w ere  obta in ed . T hese fraction s

w e re  ch rom a togra p h ica lly  hom ogeneous and com plete am in o-acid

a n a lyses  w ere  rnade on th ree  o f  the m a jor  ones (again by an ion -

exchange chrom atography method^^) and show them  a il to have a

v e ry  high lysine content and a sm a ller  and m ore  variab le  arginine

co n te n t. It is notew orthy that about a half of the total histone was

ir r e v e r s ib ly  absorbed  on the colum n and this th ere fore  probably

rep resen ts  m ore  b a sic  com ponents * Many other analyses have
57b e e n  rep orted  fro m  tim e to tim e and la rg e r  variations are found 

than one would attribute to experim ental e r r o r s ,  but it is  unwise to 

in terp re t these in term s of d ifferen t histones of DNP when their 

h is to r ie s  a re  d iss im ila r  . None o f the m ethods used is  lik e ly  to 

have been  s o  elegant as those developed by Cram p ton and his 

co lleagu es . On the basis  o f som e  o f the other analytical fig u res .
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m olecu la r  weights o f 14-20 x 10^ have been  estim ated^^ .

U ltracentrih igation  and e lectrop h oretic  exam inations o i

thym us h istone have been  m ade and the m ateria l has always proved
57to be heterogeneous . Sedim entation  has given two com ponents

and thesojw hen exam ined again  by pro lon ged  e lectrop h oresis  and

ultracentriiugation^have b e e n  found to be capable o f  further 
6l 62reso lu tion   ̂ . P h y s ica l m ea su rem en ts , other than th ese , have

not b een  attem pted and on so ill-d e fin ed  m ateria l it is doubtful if 

they w ould be o f  value ^

A s the sou rce  of m any DNA and histone p reparation s, DNP

has been  w e ll known sin ce  w ork  in  this fie ld  began to  intjenaify

about sixty  yea rs  ago^ R e feren ce  has a lready been  m ade to  Dang^s

e x tra ctio n ^  o f DNP fro m  thymus glands with water and essen tia lly
19the sam e m ethod w as used la te r  by  H am m arsten . Many years

12la te r  M ir sky and P o llis te r  found that DNP w as insoluble in

sod iu m  ch lorid e  solutions at concentrations betw een 0 .02M and

0 .5M  . F rom  this observation  a ro se  the m ain  ex traction  m ethods
13in  cu rren t use . In one o f  them  (M irsk y  and P o llis te r  ) the DNP 

(a fte r  w ashing) was d isso lved  in  M  sodium  ch lorid e  solution  and 

p rec ip ita ted  by  dilution to 0.14M  and this p ro c e s s  was repeated
63s e v e ra l t im es  to e ffect p u rifica tion  o f  the DNP . Stern and Davis 

m ade an  ap p roach  from  the opposite side o f  the solubility  m inim um
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and extracted  the washed tissue with w ater and precip ita ted  DNP 

b y  adding sodium  ch loride  to a m ola r ity  o f 0 .1 4 . When this 

p rec ip ita te  w as d isso lved  in  w ater a m ore  hom ogeneous product 

(e le ctro p h o re tica lly ) was ob ta in ed . The p re lim in a ry  m aceration  

and washing o f the tissu es  w as ca rr ie d  out in  0.14M sa line and^ to 

red u ce  the degradation  of DNP during extataction, the p roced u re  

w as ca rr ie d  out at low  tem p era tu re , usually about 2^C  ̂ M o d ifi­

cation s o f  th ese  m ethods m volve the use o f  depolym erase  inhibitors 

su ch  as arsen ates and c itra tes  in the extractants The two

g e n e ra l m ethods outlined above have both been c r it ic is e d , the 

fo r m e r  becau se  DNP is known to d issoc ia te  in stroti^ salt solutions 

s o  that the p r o c e s s  in a ll  p rob ab ility  g ives an a rte fa ct, and the

la t te r  becau se extensive p u rifica tion  m ay give a se lection  o f
57s m a lle r  fraction s . B u tler and his co lla b ora tors  have used an

aqueous solution  o f the w ashed tissu e  but found that th ere  was a
5 ' ^  64

g re a t  tendency to  gelling  and aggregation

One o f  Hie e a r lie s t  p ie c e s  of evidence for the d issocia tion  

o f  D N P in  strong sa lt solutions w as the in crea se  in v is co s ity  and 

eventual p recip ita tion  o f  p rote in  which o c cu rre d  when sa lt was
65added to  aqueous solutions o f DNP  ̂ This behaviour had how ever 

b e e n  foresh a dow ed  in  die w ork  o f M iesch er on m ixtures o f  sa lt, 

n u cle ic  a c id , and protam ine, w hich  led  him  to  suggest a dynam ic 

equ ilibriu m  in  this system ^ . P h y s ico -ch e m ica l studies have
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subsequently been  m ade on solutions o f  DNP in  sodium  ch lorid e  

at high ion ic strengths (often  l.OM ) and these have established  

beyond doubt the d iss o c ia t io n  o f DNP into DNA and protein^ although 

the extent o f d issocia tion  appea ls  to be varia b le  and govern ed  by 

th e  concentration  of sodium  ch lo r id e . A  DNP frooo. r a t - l iv e r  has

b e e n  reported^ h ow ever, w hich  does not d issoc ia te  in strong sa lt
- 57 67so lu t io n  . The sedim entation  experim ents m ade b y  Stern

show ed  changes in  the D N A /prote in  ra tio  at d ifferen t sodium

c h lo r id e  concentrations and d issocia tion  into two com ponents was
57o b s e rv e d  in the u ltracentrifuge by B utler and G ilb ert . F r ick

6 8show ed that the aLectrophoiretic behaviour was com p lex  and a
69m o r e  p r e c is e  study was m ade by Flem ing and Jordan who 

con clu d ed , ir o m  the boundaries obtain.ed at both h igh  and low  ion ic  

s tren g th s , together w ith analyses o f  fraction s tahen fro m  the

v a r iou s  bou n daries, that the d issocia tion  w as usually  in com p le te .
. . 70O ther studies o f the d issoc ia tion  have been  m ade b y  p recip ita tion

45o r  ex tra ction  with orga n ic  solvents from  sa lt solutions o f varying 

con cen tra tion  and analysis o f the fra ction s obtained; the resu lts 

ind icate a fra ction a l d issocia tion  o f DNP . A ll  th is w ork  shows 

that DNP p rep a red  by m ethods involving the use o f strong salt 

solutions m u st be a r e -fo rm e d  D N A -protein  com p lex  which p r o ­

bably  b ea rs  lit t le  re la tion  to the native DNP and preparations at 

lew  ion ic  strength  a re  th e re fo re  to  be p re fe r re d , even diough
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Cram pton^ Ijjpsh itz  and C hargaff have show n preparations o f

DNP m ade a t both high and low  ion ic  strengths to have s im ila r

v is cos it ie s^  u ltra v io le t ab sorp tion  and an a lyses .

A  study o f  the p ro p e rtie s  o f  DNP p rep a red  by  S tern 's  
63 42m eth od  has b een  m ade by S teiner and a fter s e v e ra l d issolu tions 

and rep rec ip ita tion s  to  p u rify  the m a teria l he obtained a m olecu la r  

w eight o f 5t8  10^ in  w ater o r  dilute phosphate bu ffer i^diich is

s u rp r is in g ly  low  in  v iew  o f the m olecu la r  w eight o f DNA and does 

s u g g e s t  that h ea v ier  p a r t ic le s  m ay have sed im ented  out during
57the h ig h -sp eed  centriEugation em ployed in the p u rifica tion  p ro ce s s

U ltra cen trifu ge  and v is c o s ity  m easu rem en ts w e re  a ls o  m ade; the

m a te r ia l  gave a rath er b roa d  sed im entation  p ea k  and the v is co s ity

w as m u ch  low er  than that o f  DNA and was sh eer  independent. The
57 64prepaT:a.tion. o f DNP m ade by  B u tler et a l .  * gave a rapid ly  

sed im en tin g  g e l com ponent w hich  was fo llow ed  by a s low er  boundary 

m ov in g  at a s im ila r  speed  to that o f  S te in er 's  m a te r ia l .

A t p re se n t, lit t le  is  known o f  the deta iled  stru ctu re  o f DNP . 

C h e m ica l analysis has show n so m e  sam ples o f  DNP to  com p rise
54a p p ro x im a te ly  equal w eights o f  DNA and p ro te in  and the d is s o c ia t io n

b e h a v io u r  o f  DNP im p lies  that these two com ponents a re  held togeth er,

p r in c ip a lly  at le a s t , by ion ic  linkages . It can  b e  in ferred  from  the
26

s p e c tro p h o to m e tr ic  studies o f Shack and T h om psett ihat the h e lica l

45
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stru-cture of DNA is  p re se n t in  the DNP co m p le x , as one would

anticipate . X -r a y  cry sta llog ra p h y  has a lso  p ro v id e d  evidence

w h ich  indicates the h e lica l fo rm  o f  DNA in DNP . Studies on fish  
71s p e rm  si;^ s est that a fu lly -exten d ed  polyargin ine chain is wound 

rou n d  the shallow er o f the two grooves  o f the DNA h e lix , and such  

a stru ctu re  w ould have a d ia m eter only slightly  grea ter  than that 

o f  D N A .

The p ro p e r tie s  o f  DNA consequent upon its unique h e lica l 

s tru c tu re  should be p re se n t  in  the or ig in a l DNP and the ob ject o f 

the p resen t studies w as to  esta b lish  a noild extraction  m ethod which 

w ou ld  y ie ld  a rep rod u cib le  sam ple o f  u ndiasociated  DNP, and then 

t o  study the m od ifica tion  im p osed  by the p re s e n ce  o f the p ro te in  

on the p ro p e rtie s  o f  DNA through a com p arison  o f  the p h y s ic o ­

ch e m ica l behaviour o f sam ple a o f  DNP and DNA obtained fro m  an 

id en tica l sou rce  . In form ation  o f this nature could  provM e a useful 

startin g  point fo r  studies on D N A -prote in  in tera ction s , which a re  o f 

in te re s t  in connection  w ith b io lo g ica l r e p lica tio n , by  indicating 

p r o p e r t ie s  w h ich  m ight p ro fita b ly  be  em ployed  to  fo llow  the cou rse  

o f  the in te ra ctio n .
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(J h a p t e r l .  P rep a ra tion  and C h a ra cterisa tion  o i M ateria ls

Sam ples o f  D3HP, D N A , and h istones w e re  p rep a red  froTn 

a num ber o f d ifferen t batches o f ca lf thymus glands and sev era l 

ch e m ica l tests  and a n a lyses  w ere  m ade to exam ine the rep rod u c i­

b il ity  o f  the sam ples .

The thymus glands w ere  thoroughly w ashed in  a co ld  saline

so lu tion  p r io r  to the e x tra ctio n  o f  DNP by a m ethod  very  s im ilar
64to  that d escr ib ed  by B u tler  and his co lla b ora tors  . F rom

solu tion s of the DNP^ DNA was obtained a fter  precip itating the
72 73m a jo r ity  o f  the p ro te in  with an an ionic detergent  ̂ and rem oving

74fin a l tra ces  by so lven t ex tra ction  > and h istones w ere  prepared
75b y  a c id  treatm ent in the w ay  u sed  by  Stedm an and Stedm an 

In addition to the qualitative c o lo r im e tr ic  tests the 

p ro p e r t ie s  used  as c r it e r ia  of rep rod u cib ility  w e re , fo r  DNP, 

ra t io  by  w eight o f  n itrogen  to  ph osph oru s, ratio  by weight of 

a rg in in e  to phosph oru s, a b sorp tion  at 259 m p  (extinction  coefficient 

p e r  m o le  o f ph osph oru s, ra tio  o f  ab sorp tion  at 259 m p to

that at 235 m p; fo r  DNA, ra tio  by  w eight o f n itrogen  to phosphorus, 

a b so rp tio n  at 259 m p ( and ra tio  o f a b sorp tion  at 259 m p to

that at 235 m p; and fo r  h is ton es , argin ine content, qualitative 

analysis o f  am ino a c id s , a b sorp tion  at 275 m p  (extinction  coefficient 

p er  m ole  o f  n itrog en , ion op h oretic  behaviour over a range

o f pH values .
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E xp e t  im  ental

a) IPreLbninary T is su e  V^asbing

C a lf thym us g la n d s , taken furom the an im al w ithin thirty 

m inutes o f its death, w e re  tran sported  to the la b ora tory  in  m elting 

ic e  and, a lter cutting away extraneous connective t issu es , the 

m a te r ia l was m a cera ted  in a solution  o f sod ium  ch loride  (0 .14M) 

and sod ium  c itra te  (O .Olh^ at 3 °C  . In the fir s t  two ex tra ction s , 

about 280 g .  of thymus glands (equivalent to about 64 g dry  weight) 

w e r e  m a cera ted  with 500 m l .  o f co ld  sod ium  ch lo r id e -sod iu m  citrate 

so lu t io n  (re fe r re d  to  as the saline so lu tion ), but in the three la ter  

ex tra ction s  the quantity u sed  w as redu ced  to 20 g .  p e r  500 m l .  o f 

sa lin e  solution  and a tota l o f  80 g . o f  thymus glands was u sed . The 

hom ogenate was cen trifu ged  at 2 ,0 0 0  r  .p .m .  fo r  20 nainutes at 2°C 

in  a re fr ig e ra te d  cen trifu ge  and the supernatant liqu id  was d iscard ed : 

the res id u e  w as again  m a cera ted  in the co ld  sa line solution  and 

ce n tr ifu g e d . The resid u e  was m a cera ted  in  the co ld  saline solution  

f o r  a th ird  tim e and the s lu rry  w as strained  through four th icknesses 

o f  butter m u slin  and again centrifuged  .

The p r o c e s s  o f m a cera tion  and centrifugation  w as then 

repeated  th r ice  m o r e , by w hich tim e the su spension  sedim ented 

in  two J^ irly  d istin ct la y e rs ; a lo w e r , m atted, fib rou s la y e r , and 

an u p p er, th in , crea m y  la yer  . The , upper la y e r  was separated by 

lightly scra p in g  w ith  a n ick el spatula and was w ashed , as b e fo re .
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w ith co ld  aaline solution  and the lower^ fibrous la y e r  w as d iscarded^  

The sa line  su spension  o f  the upper la y e r  was cen trifu ged  and the 

r e s id u e  was fina lly  r in se d  v e ry  lightly (no m a cera tion ) w ith co ld  

d is t i l le d  w ater and cen trifu ged : the upper aqueous la y er  was d is ­

ca rd e d  and the residu e constituted  the washed tissu e*  

h ) DNP P reparation

In the p rep a ra tion  o f  DNP fro m  the fir s t  two batches of 

thym us glands^ half o f the w ashed tissu e  was m a cera ted  in  1^  ̂ of 

co ld  d is tilled  w ater and a llow ed  to stand fo r  18 hours at 3<̂ C be fore  

centrifug ing  at 2̂  ̂000 r *p .m  . fo r  30 m inutes * The supernatant 

liq u id  w as d ia lysed  against d istilled  w ater fo r  2 days at 3^C . and 

fr e e z e  dried^ and the lower^ g e l- l ik e  la y er  was m a cera ted  with 

m o r e  co ld  w ater (1 ) and again centrifuged  to y ie ld  two la y ers  .

On the R rst batch o f m a ter ia l this p ro c e s s  w as repeated  se v e ra l 

t im es  to  furnish  a s e r ie s  o f  supernatant solutions^ and after eight 

m a ce ra tio n s  the sm a ll quantity o f  g e l- l ik e  residu e  w hich  rem ained 

on  cen trifuging  was d isca rd ed *  A fter  application  o f  the D ische and 

Sakaguchi co lo u r  tests ( lo c  * c i t . ) ,  the supernatant solutions w ere 

d ia ly sed  against d istilled  w ater in  the co ld  and fr e e z e -d r ie d  and 

w ere  designated  DNP 1 /A  to H . A queous solutions o f se lected  

sa m p les  w e re  p rep a red  fo r  analysis and w ere  c la r if ie d  by centrifuging 

at about 2, 000 r  .m  * The se con d  batch  o f m a ter ia l was treated in 

a s im ila r  m aim er except that the resid u a l g e l w as d iscarded  after 

four extraction s o f  the w ashed tissu e  with co ld  w ater, and that a
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sm a ll portion  o f the w ashed  tissu e  was d isso lv ed  in 1 .OM sodium  

ch lo r id e  solution  and the DNP r#&Overed by diluting with w ater

and spooling o f the p re c ip ita te  on a g lass rod  in the w ay d escr ib ed
13b y  M irsk y  and P oU iste r   ̂ A fte r  repeating this p ro c e s s  five times^ 

the DNP was d isso lv e d  in c o ld  d istilled  water^ d ia lysed  as w ere  

th e  other p rep a ra tion s , and fr e e z e -d r ie d .  These sam ples w ere  

n u m b ered  in s u cce ss io n  DNP H /M ,N ,S , and T , and that p repared  

b y  the M irsky  and P o l i is t e r  m ethod w as DNP IL/P .

In the th ird  e x tra ctio n , the p r o c e s s  was m od ified  by using 

a m u ch  sm a lle r  quantity o f  thymus glands and the hom ogenate o f  

the w ashed tissu e w as c la r if ie d  by  centrifugation  at 1?,000  r .p .m .  

in  a vacuum  centrih ige fo r  2^ hours . Only one extraction  of the 

w ashed  tissu e was m ade, but this w as done in th ree  parts giving 

the sam ples DNP 111/X, Y , and Z ,  and the residu al g e l w as then 

d is c a r d e d .

Som e o f the w ashed tissu e  o f  extraction  IV w as d isso lv ed  in 

w ater^ som e  in  0.0007M  phosphate bu ffer  (pH 6 .8 ) , and som e in 

0 .05M  sodium  ch lorid e  so lu t io n . A ll  these solutions w ere  prepared  

b y  m a cera tin g  the washed tissu e in the appropriate  solvent and 

a llow in g  to  stand at 3*^C . fo r  18 hours b e fore  c la r ify in g  by  high 

speed  cen trifu gation  (13, 000 r  ,p  .m  .) .  The p ro ce d u re  us ed in 

p reparin g  a so lu tion  o f  DNP V was the sam e as fo r  DNP IV , but 

only one so lven t was em ployed and that was 0 .OOlM sodium  ch loride  

s  o lu tion .
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Solutions o i  DMP in l.O M  sodium  ch lo r id e  w ere  obtained 

e ith er by d isso lv in g  the w ashed tissu e  d ir e c t ly  in  this stron ger 

e lectro ly te^  when a c le a r  so lu tion  was obtained and centrifugation  

w as u n n ecessa ry , o r  by adding the requ ired  volum e o f  5 .OM sodium  

ch lo r id e  to solutions o f DNP in  w ater o r  in  0 .OOIM sodium  ch lorid e  . 

c )  D N A  P reparation

Solutions o f DNP in  1 .5M  sodium  ch lo r id e  w ere  p rep a red  by

m a cera tin g  the w ashed tissu e  in  co ld  d is t illed  w ater and adding the

re q u ire d  volum e o f  5 .0 M  sod iu m  ch lorid e  so lu t io n . This solution

w as a llow ed  to reach  ro o m  tem peratu re  and was then treated  with

an  aqueous sodium d od ecy l sulphate solution  to  m ake the final
73sod iu m  d od ecy l sulphate concentration  0 .4%  (w /v )  . A  white

p re c ip ita te  form ed  and a fter  standing at room  tem peratu re  fo r  a 

few  h ou rs and at 3°C  . fo r  about 18 hours the p rec ip ita te  w as ce n tr i­

fu ged  o u t . The supernatant so lu tion  gave a red  co lou r with
76Sakaguchi reagent and w as shaken with a 10% (v /v )  solution  o f

74o c t a n - l -o l  in ch loro form   ̂ the two liquid  phases being separated  

by cen trifu g a tion . Solvent extraction  was repeated  in this way until 

the aqueous phase no lon ger gave a faint pink co lou r with the 

Sakaguchi reagent and a tota l o f  s ix  to eight ex traction s was usually 

n e c e s s a r y .

T h e d e -p ro te in ised  solution  was p ou red  into tw ice its 

volum e o f  ethanol w hen DNA w as p rec ip ita ted  a s  long fib res  which 

w ere  co lle c te d  by spooling onto a glass r o d . The p recip ita te  was
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then  washed with 70% (v /v )  ethanol, ethanol, and e th er , and was 

d is s o lv e d  in d is t illed  w a ter , d ia lysed  against d istilled  w ater at 3^C . 

i o r  2 d ays, and iio a lly  i r e e z e -d r ie d .

d) H istone P repa ra tion

F rom  the R rst batch  o f  thymus glands, h istones w ere

p rep a red  by acid ify ing  so lu tion s o f  DNP in  both 1 .5M  sodium  ch lorid e

(H iston e I A ) and w ater (H istone I B) to a norm ality  o f  about 0 .3
75w ith  h y d ro ch lo r ic  a cid  . In each ca se  a heavy white p recip ita te  

w as produ ced  w hich  was rem oved  by centrifugation  to leave a c lea r  

so lu t io n . T o  th ese solu tions o f the h istone h y d roch lo r id e , Hve 

v o lu m es o f  acetone w e re  added and the p rec ip ita te  was filte red  

a t  the pum p, d isso lv e d  in w a ter , and fr e e z e -d r ie d  after d ia lysis  

aga ir^ t co ld  w ater fo r  2 days .

Only aqueous so lu tion s of DNP w ere  used in  subeqnent 

p rep a ra tion s  and the so lu tion  w as d iv ided  into two parts in 

ex traction  II, one o f which w as a c id ifie d  with h y d ro ch lo r ic  a cid , 

and one with sulphuric a c id  . Su lphuric acid  w as used  in a ll the 

la te r  extractions .

e ) A n a lysis  o f M aterials

A n a lyses  o f the m a teria ls  fro m  the f ir s t  two extractions 

w ere  c a r r ie d  out on fr e e z e -d r ie d  sa m p les , but in later e?iperim ents 

the solu tions w e re  norm ally  analysed b e fo re  fr e e z e -d ry in g . The 

fr e e z e -d r ie d  m a te r ia ls  w ere  d isso lv ed  in w a ter , unless a 

d escr ip tion  to the con trary  is g iven , and the solutions w ere
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c la r if le d  by cen trifi^ in g  at 2 ,0 0 0  fo r  h a lf-an -hou r^

The qualitative c o lo r im e tr ic  tests used  w ere  the D ische
77 76re a ctio n  fo r  DNA^ the Sakaguchi reaction  fo r  his tones ̂  and

both  o f these fo r  DNP .

Phosphorus determ inations w ere ca rr ie d  out by  the m ethod 
78o f  Jones et a l .  , the in tensity  o f  the blue co lou rs  produ ced  after

adding am m onium  m olybdate reagent being m easu red  with a portable

c o lo r im e te r  (Evans E le ctrose len iu m  L im ited ) using a No . 626 f i l t e r .

N itrogen was determ ined  in  a ll ca ses  by the hypoch lorite
79 80titr im e tr ic  m ethod o f  K olthoff and Stenger  ̂ a fter d igestion  of

80the sam ple with a m od ified  K jeldahl m ixture
81and K a sse l 's  m od ifica tio ]i o f the Sakaguchi reaction  

w as used  to m easu re  the arg^hiBh content of DNP solutions and the 

in tensity  o f  the red co lou rs  was m easu red  with a portab le  co lo r im e te r  

(using  a N o . 623 filte r ) exactly  tw o m inutes aR er addition o f  the 

reagen ts .

U ltraviolet absorption  m easurem ents w e re  m ade with-a

U nicam  spectroph otom eter using 1 c m .  s ilica  c e ils  . M easurem ents

w e re  m ade on  sblutions in  w ater and in sodium  ch lo r id e  at various

con cen tra tion s ; the absorption  of the solution  w as always m easured

against a blank o f the correspon d in g  s o lw n t .

F o r  am ino acid  an a lysis, the h istones w e re  hydrolysed  by

heating with 20% (w /v )  h y d roch loric  acid  at 160°C fo r  6 hours in 
82a sea led  tube (2 m g . o f  fr e e z e -d r ie d  histone and 0 .2  m l .  o f
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h y d ro ch lo r ic  a c id ) .  The h yd ro lysa tes  w ere  evaporated  to d ry n e ss ,

and the a c id  s im u ltan eously  rem ov ed , in  a vacuum  d e s ic ca to r

containing trays o i phosph oru s pentoxide and sod iu m  hydroxide

p e l le t s ,  and the brow n  res id u e  was d isso lv ed  in w ater (0 .2  m l ^ .

A  qualitative am ino a c id  sep aration  was e ffe cted  by paper io n o -

p h o r e s is  in  phosphate b u ffe r  at pH 7 (lO volts p er  cm  14 hours)

( lo c  . c i t .) and a m o re  d eta iled  qualitative analysis was obtained
83b y  p a p er  chrom atography on  W hatm an No . 1 paper . A  one

d im en sion a l ch rom a togra m  wa.s developed  fo r  40 hours with n -

b u ta n o l-e th a n o l-w a te r -a ce tic  ahid (4:1:2:1, com p lete ly  m isc ib le )

and was stained with ninhydrin  a fte r  drying in  a curren t o f  a ir

fo r  se v e ra l days .  A liqu ots o f the neutral h ydrolysa tes w ere  used

fo r  arg in in e  analysis and c o lo r im e tr ic  determ inations w ere  m ade
84u sin g  the R osen b erg  m od iR cation  o f th eS ak agu ch i rea ction , the 

in tensity  of the red  co lo u rs  being m ea su red  on a U nicam  s p e c tro ­

p h otom eter  at a wavelength of 535 m p .

P a per ion op h oresis  experim ents on the variou s histone

sa m p le s  w e re  c a r r ie d  out on Whatman N o . 3 paper using an
85

apparatus s im ila r  to that d escr ib ed  by F o s te r  . Dilute phosphate 

b u ffe rs  at pH  7 , 9 and 11^  ̂ and an acetate  bu ffer  at pH 5^^ w ere  used 

and, u su a lly , a potential d ifferen ce  of about 700 volts (a potential 

gradient o f  about 10 volts  p er  c m .)  was app lied  a cro s s  the length 

o f  the p a p er (57 c m .)  for  5 to 9 hours . Jh o rd e r  to avoid  e x ce ss iv e
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perm anent ad sorp tion  o i  the p rote in  on the p a p e r , which resu lts  

i l  the solution is app lied  to the p ap er and d r ied  in the cu stom ary  

m an n er, the paper w as f ir s t  moistened with the buffer solution  

and the h istone solu tion  app lied  to the b a s e -lin e  im m ediately  

p r io r  to e le c tro ly s is  . A fte r  d ry in g , the ion oph oretogram s w ere  

s tained with ninhydrin .

R esu lts  and D iscu ss ion

The aqueous ex tra cts  o f  the w ash ed  glandular tissu e  a ll 

ga ve  p os it iv e  rea ction s  in the D isch e  and Sahaguchi te s ts , w hich 

a r e  used  as ch a ra c te r is t ic s  o f  DNA and p rote in s  resp ectiv e ly , 

and w ere thereby c la s s e d  as DNP solu tion s . The D ische test 

depends on the form ation  o f  a blue co lo u r  when 2 -d e o x y -r ib o s e  

is  heated with an a ce t ic  a c id  solu tion  o f  d iphenylam ine in the 

p r e s e n c e  o f a sm a ll am ount o f  su lph uric a c id , and the Salxaguchi 

te s t  u tilises  the developm ent o f  a red  co lo u r  by com pounds c o n ­

taining a guanidyl group w ith a lkaline solutions o f  u-naphthol and 

sod iu m  h ypoch lorite  .

W hen the aqueous extracts o f  w ashed tissu e  (i .e . aqueous 

p rep a ra tion s  o f  DNP) w ere  centrifuged  a con sid era b le  quantity of 

a g e l o f  va r ia b le  con sisten cy  was deposited  and the gel was partly  

d is s o lv e d  on re -e x tra ct io n  with co ld  w a te r . S ince the various DNP 

fra ction s  obtained from  the f ir s t  two ex tra ction s  had s im ila r  

analyses (T ab le  I , p . 2^ they w ould appear to be obtained as a 

resu lt o f the gradual d issolu tion  o f  a reason ab ly  hom ogeneous DNP
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^rather than the p ro g r e s s iv e  ex tra ction  of d ifferin g  com ponents as
55has been  ob served  in the ex traction  o f sea urch in  DNP . It th ere fo re  

a p p ea red  u n n ecessary  to continue the p rep a ra tion  o f  a la rg e  num ber 

o f  sa m p les  fro m  one batch  o f w ash ed  tissu e  and the p r o c e s s  was 

m o d ifie d  in  extraction  III s o  that a sm a ller  quantity of the w ashed 

t is s u e  w as p rep a red  and its aqueous extract was cen trifu ged  at a 

v e r y  h igh  speed w hich  resu lted  in  the sedim entation  o f the resid u a l 

g e l  to a firm  p e lle t , thus fa cilita tin g  the decantation  o f the c lea r  

supernatant so lu tion . In this w ay a c le a r  solu tion  of DNP w as quickly 

a n d  e a s ily  obta in ed .

D ilute e le ctro ly te s  rep la ced  w ater as the so lven t when

so lu tion s  w ere  requ ired  fo r  p h y s ica l m easu rem en ts . T hose used  in

e x tra c t io n  IV w ere 0 .05M  sod iu m  ch lo r id e  so lu tion  and 0 .0007M
88p o ta ss iu m  phosphate b u ffe r , pH 6 .8 , but the DNP solu tions obtained

w e r e  too dilute fo r  a ccu ra te  m easu rem en ts on  them  to be m a d e .

A ft e r  p re lim in a ry  experim ents with som e other fr e e z e -d r ie d  DNP

sa m p le s  to deterin ine the h igh est concentration  o f sod iu m  ch loride

w h ich  cou ld  conveniently be  u se d , the DNP fro m  ex tra ction  V was

d is s o lv e d  in 0 ,0 OlM sodium  ch lo r id e  so lu tion .

The u se  o f sodium  ch lorid e  solutions fo r  h istone preparation

w as avoided  a fter  the firs t  extraction  (H istone I  A ) fo r  it has been

shown that this can prod u ce  a m o re  heterogeneous sam ple o f histone
5 8than when aqueous solutions a re  used  . Both sulphuric and h y d ro ­

ch lo r ic  a cids w ere  separate ly  used  in  extraction  II fo r  the preparation
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o f  h istoiie  salts . A  h igh er y ie ld  w as obtained w hen  su lphuric a c id  

w as uaed^ p rob a b ly  b e ca u se  the sulphate is le s s  h y g ro sco p ic  than 

the hydroch loride^  and sulph{uric a cid  was consqq^^ntly used 

r o u t in e ly .

The f ir s t  th ree  ex tra ction s  se rv ed  to estab lish  a standard 

p rep a ra tive  p ro ce d u re  f o r  DNP and h istone (that u sed  fo r  DNA 

w as a lrea d y  w e ll known ) and th is is  su im n arised  in the fo rm  of 

a flow  sheet in figu re  4 .  The m a te r ia ls  obtained fro m  extractions 

IV  and V w ere  em p loyed  fo r  p h y s ica l exp erim en ts and although 

s m a ll  re fe re n ce  sa m p les  o f  each  substance w e re  freeze -d r ied ^  

p h y s ica l m easu rem en ts and an a lyses w e re  c a r r ie d  out on the 

fre s h ly  p rep a red  solu tions .

The a r^ ly tica l resu lts  obtained on the variou s sam ples o f 

D N P , DNA, and h istone a re  l is te d  in Table I and they indicate that, 

b y  th ese  c r ite r ia , fa ir ly  rep rod u c ib le  m a teria ls  w ere  being obtained^

The ratio  by w eight o f n itrogen  to phosphorus o f  3 8̂ ^ 0 ,1 

obtained  on a ll but the f ir s t  sam ples o f  DNP is in agreem en t with 

values quoted in se v e ra l pub lication s (e  .g . r e fs  . 2 6 ,  45, 88, 89 

and 90) . Although values f o r  the at 259 nap. ( 259) o f around

6600 have b een  reported  for  DNP sam ples obtained from  ca lf
89

thymus glands b y  the aqueous ex tra ction  m ethod  o f Cram pton et a l . ^
90

values o f 7400 w e re  obtained for  DNP fro m  avian tu b ercle  baciU i 

and this is in  c lo s e r  agreem ent with values obtained (7000 to 7500)
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on  the lAter DNP piepaT^tioios d e s cr ib e d  h e re  . A ls o  D^ty and
88Zubay quote an  extinction  co e ffic ie n t  at 259 fo r  a 1% (w /v )

solu tion  o f  ca lf  thym us DNP o f  I 06 ^5 and co n v e rs io n  o f Ibis to

^  g ives a value o f 7350 ^ 350 . The ratio  o f  the ab sorp tion  at 
P

259 m p.to that at 235 m ^ihas an average value o f about 1 .7 and 

v a r ia tio n  fr o m  this s e ld o m  exceed s 7% . In v iew  o f the d ifferent 

values of this ratio  fo r  DNA (about 2 .2 ) and h istones (O ^3), the 

p ro p e rty  can  u sefu lly  be used as a ch a ra c te r is t ic  o f DNP and it 

a r is e s  in consequen ce o f  the su p erim p osition  o f the absorption  

cu rve  of h istones with a high a b sorp tion  in the reg ion  230 to 240 m ^ 

(s e e  figure 10) on  that o f  DNA w hich  has a m uch  low er absorption  

in  this reg ion . The a b sorp tion  cu rv es  of DNP and DNA are  r e ­

p rod u ced  in figu re  9 (Chapter I V ) . W ithin the v ery  rough lim its  

o f  the m ethod o f  estim a tion , the ra tio  by  w eight o f argin ine to  

phosphorus o f  the DNP sam ples is  con sisten t, hut the m ore  accurate  

arg in in e  determ inations on the h istone h ydro lysa tes  (lo c   ̂ c i t . )  a re  

a m uch  better  indication  of the rep rod u cib ility  o f  the sam ples .

The 259 values obtained fo r  DNA sa m p les II and V

(6800 and 6650 resp ectiv e ly ) a re  in good  a greem en t with the findings
28 Q2 Q3 28o i other w ork ers  *  ̂ the data of L aw ley  a fford  the

ca lcu la tion  o f the ra tio  o f the a b sorp tion  o f  D N A at 260 nnj, to that

at 230 A  value o f  2 ^6  is obtained in  co m p a r iso n  w ith 2 .27

and 2.16 fo r  the ra tios  o f  the a b sorp tion  at 259 m}j, to  that at 235
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obtained fo r  DNA sa m p les  H a n d  V  re s p e c t iv e ly  . DNA V had a

ra t io  by w eight o f  n itrog en  to  phosphorus o f  1 .8  w hich  is the value
28quoted  by La^wley j and v e r y  s im ila r  to  that obtained (1 *6?) by

26Shaek and T hom psett , S am ples I and IV o f DNA w e re  shown by 

lig h t  scatterin g  a n d p o te n tio m e tr ic  titration  experim en ts to  be de^ 

g ra d e d  and denatured resp ectiv e ly ^  and th is the r e a so n  fo r  fheiT^

h igh er  259 values . M o le cu la r  w eights ca lcu la ted  from  ligh t
*  ̂

s ca tter in g  data fr o m  DNA IV and V a re  6 x  10 w hich is in  good
4 3 ,4 4a g re e m e n t with the value now  g e n e ra lly  a ccep ted

U ltra v io le t a b sorp tion  m ea su rem en ts on se v e ra l o f  the

h iston e  sam ples show ed a con sisten t 6*^ 275 value o f 27 , but

th e r e  appear to  be no s im ila r  data quoted in  the litera tu re  fo r

c o m p a r is o n . The a b sorp tion  cu rv e  is  show n in  figu re  10 (Chapter IV)

A rg in in e  values (arg in in e  n itrog en  as the p ercen ta g e  o f total

n itrogen ) obtained on the h istone h yd ro lysa tes  a re  a lso  consisten t

and the average value o f  22 .0 co m p a re s  w e ll w ith that of 21.5 found
59by C ram pton  et a l . and 2 3 .3  w h ich  is  ca lcu la ted  fro m  the data

83p u b lish ed  by V eadrele^  and his co lle a g u e s  . P a p e r  ion op h oresis  

o f a ll  the h iston e  h ydro lysa tes  show ed that they contained  neutral 

am ino a cid s  and re la tive ly  la rge  quantities o f ly s in e  and argin ine . 

T he h y d ro ly sa te s  w ere  a ls o  an a lysed  by  ch rom a togra p h y  on Whatman 

No . 1 p a p e r , and although it  is  cu stom a ry  to m ake tw o d im ension al 

paper ch rom a tog ra m s o f  am ino a c id  m ixtu res  in  o rd e r  to obtain the
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b e s t  r e 30^ution ,  a one d im en sion a l m ethod  w as ch osen  hi oTder

to m ak e a d ire c t  c o m p a r is o n  o i a l l  the sa m p les on one chrom atogram

F ig u re  5 shows the ch ro m a to g ra m  obta in ed , and con tro ls  com p ris in g

aU the am ino a c id s  iou n d  b y  C ram pton  et a l .  in  th e ir  ana lysis  o f
59h is ton e  h y d ro ly sa tes  by  io n -e x ch a n g e  ch rom a togra p h y  are 

situ ated  at e ith er end o f  the ro w  o f  the sev en  h istone sam ples 

e x a m in e d . The fig u re  sh ow s that, although som e  d iffe ren ces  do 

o c c u r ,  the am ino a c id  con tent o f  the variou s h ydrolysa tes is  s im ila r  . 

In c lu d ed  in figu re  5 is  the ch ro m a to g ra m  obtained b y  V en dreley  and 

h is  c o lla b o ra to r s  f r o m  the h y d ro ly sa te  o f ca lf  thym us DHP (as 

d is t in c t  fro m  the se p a ra te d  h is ton es ) and  this is  v e ry  s im ila r  to 

th o se  o f  the h istone h y d ro ly sa te s  . The variou s am ino acid  spots 

o f  h iston e  h y d ro ly sa te s  w e r e  iden tified  by develop ing a secon d  

ch ro m a to g ra m  ca rry in g  sep arate  am ino a c id  re fe re n ce  sp ots , but 

the k ey  w h ich  is  in co rp o ra te d  in  V endreley*s d iagram  p erm its  a 

ra p id  a s se ssm e n t o f  the v a r io u s  com ponents fr o m  the chrom atogram s 

illu s tra te d  in f ig u r e  5 . The m a jo r  constituent a m in o  a c id s  o f  the 

h is to n e s  a re  ly s in e , arg in in e , g lu tam ic a c id , a lan ine, v a lin e , 

and le u c in e , and s m a lle r  am ounts o f  g ly c in e , s e r in e , tyrosine  

and phenyla lan ine a r e  p r e s e n t .

S eru m  p ro te in s  have been  e ffic ien tly  re so lv e d  by paper

82

io n o p h o re s is. 94,95 but the attem pts m ade to  separate the h istone

sa m p les  b y  th is m ea n s w e re  not s u c c e s s fu l .  U sing bu ffers at
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pH  5 , 7, 9 , and U , the h istone sam ples a l l  gave s im ila r  patterns 

indicating the p re s e n c e  o f at lea st  th ree  m ain  com ponents^ two 

o f  w hich  are  v e ry  b a s ic  and m igra te  tow ards the anode at pH 11̂  

but heavy streaking m ade fu rth er in terpretation  im possib le^  A 

ty p ica l ionophoretogram  is iU&rstrated in figure 6, and the streaking 

is  p rob a b ly  due to strong ad sorp tion  on the paper o f the heavily 

changed histone m olecu les^  rather than overloading o f the paper 

w ith  p rote in *  The complcTd-ty of the h istone obtained from  ca lf

thym us glands has been  em phasised  by chrom atograph ic separations
59 96m a d e  by Crampton^ M oore  and Stein  , and by L uck  and co -w o rk e rs  ,

U sing gradient elution  from  ion -exch an ge r e s in s , the form er group 

ob ta in ed  th ree  m a jo r  and two m in or  com ponents^ but noted from  

a n a lyses  b e fore  and a fte r  the e i^ er im en t that about h a lf o f the total 

h iston e  was ir r e v e r s ib ly  a d sorb ed  on the res  in . B y im proved  elution 

m e th o d s . Luck and h is group sep arated  at lea st  tw elve com ponents 

on  a co lum n o f ion  exchange resin *

On the b a sis  o f these a n a ly ses , the ex traction  methods d e s ­

c r ib e d  appeared  to  furnish reason ab ly  rep rod u cib le  m ateria ls on 

w hich  p h y s ic o -ch e m ica l experim ents could  be attem pted .
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tChapteTjJ. The D isso c ia tio n  of DNP

The p ro te in  o f  c a lf  thymns DMP has been  shown to con sist 
54

p r in c ip a lly  o f h istone w hich  is d issocia ted  fro m  the DNA in
57 . .solutions o f high ion ic  strength  . D ilution o f the d issocia ted  

sy stem  io  a low  ion ic  strength resu lts  in the recom bination  of the 

h iston e  and DNA and p rec ip ita tion  o f  the re -fo rm e d  com p lex . Such 

beh a v iou r has n orm ally  been  regarded  as an im plication  that the 

m a in  fo rce s  binding the p ro te in  and DNA are electrostatic^  p r e ­

su m ably  betw een the b a s ic  igtoups of the p ro te in  and the phosphate 

grou ps o f the DNA . The state of ion isation  o f  these b a s ic  groups 

is  m ark ed ly  dependent on  pH and thus under appropriate conditions 

a p a rticu la r  ba sic  group m ay no lon ger be involved in an ion ic bond 

with DNA . D issoc ia tion  o f  the DNP com p lex  m ight th ere fore  be

dependent on pH as w ell as on ion ic  stren gth .
57 5? 69E lectrop h ores is   ̂  ̂ d istribution  betw een im m iscib le

45so lven ts  have been  em ployed in studies o f the e ffect o f ionic 

stren gth  on  the d issocia tion  of DNP and a stepw ise re lea se  o f 

d if ie r i j^  p ro te in  fraction s was in d ica ted . The d issocia tion  and 

recom b in a tion  o f  protein  and DNA cou ld  conveniently  be follow ed 

by determ in a tion  of a particu lar functional group as it is re leased  

and r e -a b s o r b e d  during the p ro ce s s  . M easurem ents o f  this sort
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w ould  provide irLformation concern ing  the recom bination  p ro ce s s  

and a lso  illustrate d iffe ren ces  betw een & e native com p lex  and 

recom b in ed  a r te fa c t . A n  attem pt w as m ade to  investigate this 

p o ss ib ility  by the determ ination  o f the guanidyl group o f arginine 

b e fo r e  and during d issociation^  and a fte r  recom b in a tion . The 

e f fe c t  of pH  on the d isso c ia t io n  o f  DNP has a lso  been  studied by 

m ean s o f paper ion oph oresis  ex p e r im e n ts .

T he o re tica l

a) D isso c ia tio n  in  Sodium  C hloride Solutions
a

Suppose tha^ w ell defined  stru ctu re  involving a sp ecific  

sequ en ce o f b a s ic  t  ̂ groups in linkage with DNA phosphate

grou p s exists in  DNP and that the w hole p rote in  m oiety  com p rises  

m  p a rticu la r  b a sic  groups (e .g .  ( -a m in o  groups o f lysine)^ of which 

a re  involved in linkages with DNA . Then m  and n m ay, o r  m ay not, 

be equal . I f  an analytical m ethod is available fo r  this ba sic  group, 

the num ber o f  such groups rem ain ing fr e e  in the orig ina l DNP 

( i . e  . m -n ) could  be determ ined  and d issocia tion  of the protein  from  

the DNA by the addition o f sodium  ch lorid e  fo llow ed  by a second 

d eterm in a tion  would give the value o f m^ and hence n by d ifference  .

D ilu tion  of the d issocia ted  com p lex  solution  to a sodium  

ch lo r id e  m o la r ity  o i 0 .14 would e f fe c t  the recom bination  of protein  

and DNA and p rec ip ita tion  o f  the DNF thus form ed . That the 

original^ o r  native;^ structure w ill be  r e -fo r m e d  is highly im probable^
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fo r  the recombiiLa-tion is  h ere  rega rd ed  as arisin g  from  the 

e le c tro s ta t ic  a ttraction  betw een  DNA phosphate and p rote in  basic 

g ro u p s , and should th e re fo re  b e  ran dom . The sequence of groups 

bound w ill  a lm ost certa in ly  change and som e o f the b a sic  groups 

o r ig in a lly  bound by DNA phosphate groups m ay b e  s te r ica lly  

p rev en ted  from  m aking such  a linkage in the recom bined  DNA- 

p ro te in  co m p le x , and the value o f ^  fo r  a p articu lar group would 

then  be d ifferent in  the recon stitu ted  DNP fro m  that in the orig ina l 

D N P . A  d ifferen ce  o f  th is s o r t  w ould  be ob served  by m easuring 

aga in  the num ber o f  the p a rticu la r  b a s ic  group under exam ination 

w hich  rem ained fre e  ( i . e  . m -n ) .  If a se r ie s  o f  d issociation s and 

recom binations is c a r r ie d  out and the value o f m -n  m easured after 

e a ch  recom bination , a random  recom bination  p ro ce s s  would be 

re fle c te d  in a set o f random  values fo r m * n .

P rov id ed  that suitable ana lytica l m ethods a re  available, 

e?q^eriments of dds so r t  could be u sefu l in studying the d issocia tion  

o f  DNP at varying ion ic strengths, and to illustrate  d ifferen ces b e ­

tw een  the or ig in a l and recom bined  DNP w hich m ay not be found by 

p h y s ic o -c h e m ica l m ethods .

b ) The E ffe c t  o f pH on D issoc ia tion  in Solutions o f Low Ionic 

Strength

The dependence on pH of thh^ ion isation  of the various

functional grou ps o f am ino acids is illustrated  in a diagram  by 
97Spr ingall w hich is  reprodu ced  in figu re 7 * The d e -ion isation .
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o r  d issociation ^  o f  the h iston e  basic groups w hich w ould be involved  

in  linkage with DNA m a y  b e  rep resen ted  b y  the equation

-NH.

and when this re a ctio n  is  c o m p le te  the b a s ic  group lo s e s  its 

p o s it iv e  charge and h en ce  its  m eans of a ttraction  to  DNA phosphate 

g rou p s . The b a s ic  g rou p s  in vo lved  in  h istone-D N A  ion ic  linkages 

w ould be the itn inazole  o f  h istidine^ the u -am in o o f  N -term in a l 

peptide ch a in s , the ^ -a m in o  o f  ly s in e ,  and the guanidyl o f 

a r g in in e . T h ese  groups d is s o c ia te  o v e r  the pH ranges 5 to 

7 to  10 to 11 and 12 .6 to  14, r e s p e c t iv e ly  i^see F igu re  7 ) .

A s the pH o f  a DNP so lu tion  is  ra ised  th ere  w ill  be a step ­

w is e  d e -ion isa tion  of the b a s ic  g rou p s and le s s  b a s ic  p rote in s 

w ou ld  be d issocia ted  b e fo r e  the h iston es  . H istones containing, 

in te r  a lia , lys in e  but not arg in in e  w ou ld  be r e le a s e d  fro m  linkage 

w ith  DNA b e fo re  those containing a rg in in e . B y virtue o f its 

n eg a tiv e ly  ch arged  ca rb ox y l end g ro u p s , it shou ld  be p o ss ib le  to

m o v e  the d isso c ia te d  p ro te in  away fr o m  the DNA b y  the application
54o f  an e le c t r ic  f i e ld .  The an a lyses o f  T oennies and Bakay show

that the p ro te in  o f DNP is not e n tire ly  h istone (n on -h iston e protein

con stitu tes  16% o f  the total p ro te in ) and the n on -h is  tone protein

m ight be  ex p ected  to d is s o c ia te  com p le te ly  fr o m  the DNA above
59pH 9 . C ram p ton , M oore  and S tein  have published  quantitative
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am ino acid  a n a lyses  o f  theiT h istone fra ct io n s  B and C 

obtained by  ion^ exch an ge chrom atography^ and fro m  these data 

the m o la r  p ro p o r t io n s  o f  each  am in o a c id  in the re sp e c tiv e  fraction s 

can  be ca lcu la ted  and  th ese  a re  lis te d  in  T a b le  I I .  Although none 

o f  th ese  h istone fra c t io n s  is  a r g in in e - fr e e , the m o la r  ra tio  of 

argin ine to lys in e  is  on ly  about 1:10 in  fra ct io n  A  and this p rote in  

m ight th e re fo re  b e  r e m o v a b le  fr o m  DNA b y  e le c tro ly s is  at pH 11 

when lysine and a l l  the l e s s  b a s ic  g rou p s  w ould  be d e ion ised , 

w h ereas fra ction  B w ith  the h igh er a rg in in e  content w ould a lm ost 

certa in ly  not b e  s e p a ra b le  , Only at pH values o f  13 and higher 

w ould the very  b a s ic  p ro te in s  ( i . e  . f r a c t io n  B ,  and those eluted 

fro m  ion -exchange r e s in s  on ly  b y  co n ce n tra te d  guanidinium  ch loride  

solutions^^) be d is s o c ia te d  fr o m  the D N A .

A  se r ie s  o f  io n o p h o re s is  exp erim en ts  cou ld  p rov id e  a 

conven ient m eans o f in vestiga tin g  a d is s o c ia t io n  o f DNP in solutions 

o f  low  ion ic  strength a s  the pH o f  the so lu tion  is  r a is e d . 

E xp erim en ta l

a ) A rg in in e  D eterm inations on DNP Solutions

A n aqueous so lu tion  of hree2̂ e-d r ie d  DNP ( l l  N) was p rep a red  

and c la r if ie d  by  cen trifu gation  at 2 ,0 0 0  r .p  .m .  fo r  20 minutes . A n 

a liquot o f  the so lu tion  was d iluted  w ith w ater fo r  argin ine deter  ̂  

ruination by the m ethod  of B rand and K a s s e l, as d e scr ib e d  on p  ̂ 2 0 . 

A  Second a liqu ot w as s im ila r ly  d ilu ted , but w ith sodium  ch lorid e
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to  g ive  a iTiolarity o f  1 .0 ,  and fo r  determ inations on this so lu tion , 

sod iu m  ch lorid e  w as added to the reagents to the sam e m olarity  . 

T h ese  m easu rem en ts w e re  done in tr ip lica te  and s im ila r  m e a su re ­

m ents w ere m ade on  fou r  oth er DNP sam ples ( l  D , II M , H S and 

II T ) and a lso  on  a so lu tion  o f  DNP (D  P ) p rep a red  by the M irsky 

and P o ilia te r  p ro ce d u re  ( p .  17 ) .  P hosphorus determ inations w ere 

c a r r ie d  out on  a il  the DNP so lu tion s using the m ethod d escr ib ed  by 

Jones^ L ee a n d P e a c o ck e  ( p .  2 0 ). 

b ) lonophor e s is Exp er im e nts

Solutions o f h iston es ( i l l )  and o f  DNP ( i l l  X) in  the 

appropria te  bu ffer  so lu tion  w e re  sep a ra te ly  spotted onto strips

o f  W hatman N o . 3 p a p er (lO c m .  x 57 c m .)  w hich had been  m oistened
86w ith  the sam e bu ffer s o lu t io n . Phosphate bu ffers  at pH 9 and 11 

w e re  used and a s im ila r  experim en t was p rep a red  using 0 .IN sodium  

h y d rox id e  solution  (pH 13) . The p a p ers  w ere  e le ctro ly se d  in the 

phosphate bu ffers fo r  7 hours using a potentia l d ifference o f 700 volts 

(about 10 v o l t s / c m .) ,  and in the sod ium  hydrox ide  solution  for  12 

h o u rs  using a potentia l d iffe re n ce  o f 300 volts (about 4 v o l t s /c m .) .  

A fte r  e le c t r o ly s is ,  the papers w ere  d r ied , heated in an oven at 

1 1 0 f o r  10 to  15 m inutes, and stained with brom oph enol blue by 

im m e rs in g  in an ethanolic so lu tion  of the dye (0.1% w /v )  and 

m e r c u r ic  ch lo r id e  (10% w /v ) fo r  10 m inutes, fo llow ed  by washing

in running w ater 94
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The p ap er w hich  had been  e ie ctro ly se d  in sodium  

h yd rox id e  aolutinn was stained heavily  with red  m e r cu r ic  oxide; 

th is w as d isso lv e d  out by gently agitating the paper in aqueous 

p ota ssiu m  brom ide  so lu tion  (20% w /v )  . The paper was then 

w ashed b r ie fly  in  w a te r , d r ie d , heated as b e fo re , and again stained 

with brom phenol blue .

lon oph oresis  o f  the h istone solution  in  phosphate buffer
86a t pH 7 was ca r r ie d  out, fou r spots b e ii^  applied to the paper 

a t intervals o f  one inch along the base  l in e . A fter  e le ctrop h ores is , 

the p ap er was d r ied , heated  at U 0°C  fo r  15 m inutes and cut into 

fo u r  strips each carry in g  one o f  the spots . One o f the strips was 

sta ined  with ninhydrin and the other three with brom phenol b lu e . 

T w o o f the latter w ere  gently agitated in p otassiu m  brom ide 

so lu t io n  (20% w /v ) ,  until the blue sta in  d isappeared , and then 

w ashed  lightly with w a ter , d r ie d , heated as b e fo re , and stained 

on ce  aga in , one o f  them  fo r  a secon d  tim e with brom phenol blue, 

and the other w ith n in h ydrin .

Solutions o f h istone (in) and pM P (HI X ) in  0 .4M sodium  

ch lo r id e  w ere  separately  spotted onto a strip  o f  suitably m oistened 

N o . 3 p a p er  and e le ctro ly sed  in  phosphate bu ffer  (at pH 7) which 

w as^also 0 .4M  in  sodium  ch lorid e  . The e le c tro ly s is  w as prolonged  

fo r  18 h ou rs  using a low  potentia l d iffe ren ce  (150 vo lts , i . e .  about 

2 v o l t s /c m .)  and the paper was then d ried , heated and stained with
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brom p h en ol blue .

R esu lts  and D is cu s s io n

V ariou s an a lyses o f  h istone h yd ro lysa tes  {fig u re  5̂  

r e fs  . 59 and R3) have sh ow n  lys in e  and argin ine to  be their 

p r in c ip a l b a s ic  am in o a c id  com ponents . Since there is no c o lo r i ­

m e t r ic  an a lytica l m ethod fo r  lysin e (w hich  o c cu rs  in greater 

quantity than argin ine) an attem pt was made to determ ine the 

n um ber o f arginine residu es on solutions of DNP before  and

d u rin g  d isso c ia tion , and a fter  recom bin ation , using a quantitative 
81adaptation  o f the Sakaguchi r e a c t io n . M easurem ents w ere made 

on  s ix  DNP sam ples (includ ing  a recom b in ed  arte fa ct p repared  by 

the M irsk y  and P o llis te r  m ethod) in  w ater and in  l.O M  sodium

Table HI

D N P Sam ple 1 D 11 N(l) n  N(2) 11 N(3) n  M IIS 11 T 11 P

A rg  , /P  in  w atei 0 .6 7 0 .4 6 0 .6 3 0 .5 4 0 .4 5 0 .5 7 0.63 0 .5 2

A rg  . /P  in 
l.O M  N aC l 0 .7 5 0 .6 5 0 .58 0 .74 0 .6 2 0 .5 4 0.58 0 .60

ch lo r id e  solution^ and the m easurem ents on  one o f the sam ples w ere

done in  tr ip lica te  ( l l  N)^. The re su lts , e x p re sse d  as ratio by weight

o f  arg in ine to ph osph oru s, a re  show n in table HI* Based on the
54an a lyses by T oen n ies and Bakay o f DNP and the a rg inine analyses 

o f  h iston e  h y d ro ly sa tes  (Table I, a ls o  r e fs .  59 and 83) the
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th e o re tica l ratio  by w eight o f  arg in ine to phosphorus fo r  DHP 

is  1^16, and this value should be obtained on d issocia ted  DNP 

solutions un less argin ine groiq>s a re  involved  in  in ter-peptide  

linkages .

The resu lts  obtained do not ind icate the d ifferen ces  

anticipated betw een solutions o f  DNP in w ater and l.O M  sodium  

ch lo r id e , and the m ethod o f  an a lysis  appears to be  neither 

sen s it iv e  nor accu rate  when applied  to th ese  solutions o f large 

m o le c u le s , fo r  the ra tios  of argin ine to  phosphorus obtained in 

sod iu m  ch lorid e  so lu tion  are  only about ha lf the th eoretica l value . 

A n in sen sitive  an a lytica l m ethod w ould not n e ce ssa r ily  be u se le ss , 

but the absence o f s ign ifican t d iffe ren ces  betw een values in  w ater 

and l^OM sodium  ch lo r id e  suggests that, e ith er  the functional 

g rou p  being a ssayed  rea cts  even though it is  linked to the DNA 

phosphate gro^q), o r  the an a ly tica l reagents em ployed cause the 

d is s o c ia t io n  o f the DNP com p lex  , The la tter  event is  v e ry  

p ro b a b le  fo r  the reagent is  h igh ly  alkaline and the ionophoretic 

study of the e ffe c t  o f  pH on  d isso c ia t io n  at low  ion ic  strength 

( lo c   ̂ c it* ) shows that the DNP com p lex  is d issoc ia ted  in 0 .IN 

sod iu m  hydrox ide  solution*

A  m u ch  m ilder m ethod o f determ inatioii is needed for 

a fu nctiona l group  assay  study o f DNP d issoc ia tion  at increasing  

io n ic  strengths and it is  p o ss ib le  that experim ents using the
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r e a c t io n  o f  d in itro flu orob en ze iie  w ith  so lu tion s o f  DNP in  w ater 

and in  l^OM sod iu m  c h lo r id e  cou ld  b e  advantageou sly  adapted to 

th is  p r o b le m . H y d ro ly s is  o f  the N -d in itrop h en y l p ro te in s  fo llow ed  

b y  c h r o m a t o g r ^ b ic  a n a ly s is  w ould  s h w  w hether o r  not there was 

a d iffe re n ce  in  en d -a m in o  g rou p s o f  the p ro te in  in  a s so c ia t io n  

with^ and d is s o c ia te d  from ^  the D N A .

The io n o p h o re s is  e x p e r im e n ts , in w hich  p a ra R e l sam ples 

o f  h iston e  and DNP w e r e  e le c t r o ly s e d  in b u ffe r  so lu tion s at pH 9 

and  11, and in  0 RN sod iu m  h yd rox id e  so lu tion , d id  n ot exh ibit a 

s te p w is e  d is s o c ia t io n  o f  th e  p ro te in  fro m  the DNP co m p le x  c o r r e s ­

ponding with the d is s o c ia t io n  o f the b a s ic  g rou p s  o f  the p ro te in .

U nder conditions w here a l l  the b a s ic  g rou p s oth er than the guanidyl 

g rou p  o f  arg in in e  w ould  be d e -io n is e d  (i .e  . at pH  11) there w as no 

e v id e n ce  o f d is s o c ia t io n  o f  the DNP co m p le x  and on ly  at a v e ry  

a lk a lin e  pH (i . e . in 0 ,1N sod iu m  h ydrox id e  so lu tion )w h ere  the 

gu a n id y l grou p  w ould b e g in  to  d is s o c ia te  (s e e  fig u re  7) w as a 

m ig ra t io n  o f  p rote in  away fr o m  the DNA o b s e r v e d . T h is ion op h ore to - 

g r a m  is  illu stra ted  in fig u re  8 .  T h e e R ic ie n cy  o f  ion op h oresis  

in  d em on stra tin g  a d is s o c ia t io n  o f DNP w as illu s tra te d  by the 

ex p erim en t with 0 .IN sod iu m  h ydrox id e  so lu tion , and  by  an experim ent 

u sin g  a h igh  io n ic  strength  b u f fe r .  H istone and DNP sa irp les  w ere  

found to p ro d u ce  a p a ra lle l  m ig ra tio n  o f p ro te in  on ion op h oresis  in 

0 ,4M  so d iu m  ch lo r id e  so lu tion  b u ffe re d  at pH 7 w ith potassiu m  

p h o s p h a te .

98
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FroYTL th e se  eTcperimentB it can  be concluded  that 

d isso c ia tion  o f the D N P com p lex  does not o c cu r  in  solutions 

o f  low  ion ic  stren gth  u n less  the so lu tion  is  v e ry  alkaline ( i . e .  

about pH 13 ).

(A n  in terestin g  p o s s ib il ity  o f  ca rry in g  out two staining 

tests  on one ion op h ore togra m  a r o s e  fro m  th ese  experim ents .

W hen staining the p a p e r  a fte r  io n o p h o re s is  in  0 .IN sodium  

h ydrox id e  so lu tion  w ith  b rom p h en o l blue^ a heavy p recip ita te  o f 

re d  m e rcu r ic  ox ide was fo rm e d  on the p a p e r .  This cou ld  be 

rem ov ed  by  d isso lu tio n  in a con cen tra ted  aqueous so lu tion  o f 

p ota ss iu m  brom id e  and^ a fte r  washings d ry in g , and re-heating^ 

th e  p a p er m ay be r e -s ta in e d  w ith b rom p h en ol b lu e , o r  another 

r e a g e n t . Jh this w ay  it  is  p o s s ib le  to u se  tw o d ifferen t staining 

p ro ce d u re s  on one ion op h ore togra m  . A  co m p a r iso n  o f ninhydrin 

and brom ph enol b lu e sta in s was m ade on a h istone ionophoretogram  

(p . 35 ) in this m a n n er and both gave the sam e p a tte rn . The 

p a ttern  obtained by the re -s ta in in g  p ro ce d u re  with both ninhydrin 

and brom ph ^ n ol blue w as iden tica l w ith the p attern  p rod u ced  by  

th ese reagents in the u su a l w ay) ,
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C hapter lU. ^Poteptioroetric T itra tion s

T he an om a lou s p o ten tiom etr ic  titration  behaviour
22o f DNA ob serv ed  b y  Gulland^ Jordan  and T a y lo r  has been

co n firm e d  and in ten s iv e ly  investigated  b y  s e v e r a l other w ork ers  
23 24 25 99 100 ̂  ̂  ̂ and m a y  be em ployed  in  quantitative studies o f

d e na t ur a ti on, 50.101 . fo r  the h y s te re s is  of the cu rves  d ecrea ses

and fin a lly  d isa p p ears as a sam ple  o f DNA is  denatured . S im ila r 

eT5perjments on DNP have not been  reported  and attem pts w ere  

m ade to c a r ry  out p o te n tio m e tr ic  titration s on this m a ter ia l fo r  

co m p a r iso n  with titra tion s  o f  DJNA .

Solutions o f DNA at a concentra tion  o f about 0 .15 m g . 

ph osph oru s p e r  m l .  in 0 .0 5 M  sod iu m  ch lorid e  a r e  conveniently
99u sed  fo r  s m a ll -s c a le  p o te n tio m e tr ic  titration s . W hen one o f  

the DNA sam ples w a s titra ted  at this con cen tra tion , with a c id , 

t itra t io n  cu rv e s  exhibiting the w e ll known h y s te re s is  w ere  obtained 

S olu tion s o f  DNP in  0 .0 5 M  sod iu m  ch lorid e  a r e ,  h ow ever, e x ­

t r e m e ly  dilute (O .002 m g  . p h o s p h o r u s /m l.)  and in  0 .OOiM sodium  

c h lo r id e  the con cen tra tion  o f  DNP (0 .02 m g . p h o s p h o r u s /m lw a s  

s t i l l  v e ry  m u ch  lo w e r  than the d e s ire d  le v e l  fo r  titration  e ^ e r i -  

m e n ts .  A  so lu tion  o f  DNA w as titrated  at this low  concentration  

in  O.OOIM sod iu m  ch lo r id e  so lu tion  and, although the resu lts w ere  

m uch  le s s  a c cu ra te  than p re v io u s ly , an h y s te re s is  o f  the titration
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cturves was o b s e r v e d .  T itration , cn rves  a r e  conventionally  

p lo tted  as the n u m b er  o f  equ ivalents o f a c id  bound by  the DNA 

(p er  4 g . atom s o f  p h o sp h o ru s ) against p H . T h e am ount o f  a c id  

bound is  the d iffe re n ce  betw een  the volu m es o f  a c id  requ ired  to 

titrate  equal v o lu m es  o f  the so lu tion  and so lven t to a given p H . 

.W hen dilute so lu tion s  a re  titra ted  the volum e o f  a c id  bound is 

s m a ll ,  and is obtained as the d iffe re n ce  o f tw o la rge  quantities 

in  the reg ion  w h ere  la r g e  add itions o f  a c id  p rod u ce  only a sm all 

change o f pH, and ca n n ot, th e r e fo r e , be obtained with a ccu ra cy  .

A ttem pts w e re  then m ade to  titra te  DHP in 0 .OOIM 

sod iu m  ch lorid e  . A  la r g e  in itia l uptake o f  a c id  o c cu rre d  v e ry  

s low ly  above pH 5 , p rob a b ly  due to the p ro te in , and on back  

titra tion  the a b sorp tion  o f  a lk a li was v e ry  s low  above pH 4 .5 .  

B eca u se  o f this slo'W equ ilib ra tion  o f pH , a titra tion  of DHP 

cou ld  not be com p leted  in le s s  than s ix  h o u r s , during w hich tim e 

a con sid era b le  volum e o f  w a ter  evaporated  fro m  the solution  

and conden sed  on the stem  o f  the e le c t r o d e , the "A g la "  sy r in g e , 

and the bung o f the v e s s e l ,  th ereby  m aking tru e volu m e co rre ctio n s  

im p o s s ib le  . T h is slow  rate  o f r e a c t io n  togeth er  w ith the ioherent 

e r r o r s  in  the titration  o f dilute so lu tions m ade the con stru ction  o f  

a c cu ra te  and rep rod u cib le  titra tion  cu rv e s  fo r  DNP im p o s s ib le . 

T he cu rv e s  obta ined  d id , h o w e v e r , show  an h y steres is  s im ila r  

to lhat o f  the DHA solu tion  titra ted  at a com p a ra b le  concentration ,
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and though they are  unsu itable fo r  quantitative studies they 

ind icate  that the h y d rog en  bonded stru ctu re  of DNA, to which 

th e  titra tion  h y s te r e s is  is a ttributed , is  a la o  a feature  o f DNP 

s o lu t io n s .

T he low  so lu b ility  o f  DNP in  dilute sod ium  ch lorid e  

so lu tion s  thus p re c lu d e d  a ccu ra te  com p arative  p oten tiom etric  

titra tion s  of DNP and DNA . H y ste re s is  s im ila r  to  that o f the 

p o ten tiom etr ic  t itra tion  cu rv e s  of DNA h a s , how ever, been
26

o b s e rv e d  in lh e  sp e ctro p h o to m e tr ic  titra tion  o f  DNA and DNP , 

and g re a te r  a c c u r a c y  is  a ch iev ed  in these experim ents using 

v e r y  dilute solutions than w ith  con cen tra ted  ones . A  com parative  

study o f  DNA and DNP w as p o s s ib le  by this m ethod  and is d escr ib ed  

in  the fo llow in g  ch a pter  .
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C hapter U ltra v io le t  A b so rp tio n  Studies

T he p u r in e  and  p y rim id in e  com pon en ts o f  DNA a re

re sp o n s ib le  fo r  its  u lt ra v io le t  a b sorp tion , but the a b sorp tiv ity

o f  DNA, m e a sn re d  a s  the ex tin ction  c o e ff ic ie n t  p e r  m o le  of 
y J02phosphorus  ̂ J  ̂ i s  m u ch  le s s  than the valu e ca lcu la ted

103by sum m ation  o f the a b s o r p t iv it ie s  o f its  constituent n ucleotides .

S e v e ra l sp e c trcp h o to m e tr ic  s t u d i e s h a v e  shown

that an  ir r e v e r s ib le  in c re a s e  in is  e ffe c te d  by s e v e r a l  A c to r s

w h ich  do not degrade the m olecu le^  but cau se  perm anent changes

in  v is co s ity  a n d p o te n t io m e tr ic  titra tion  behaviour^^^, thus

indicating an a ltera tion  o f  the m a c r o m o le cu la r  stru ctu re  . By

an a logy  w ith p ro te in  c h e m is t r y , th is change is  te rm ed  ^'denaturation'^

and its  im portant fea tu re  is  the d isa p p earan ce  o f in tra m olecu la r

h y d rog en  bonds w hich  is  illu s tra te d  by t itra tio n  studies^^^ . A

v a r ia t io n  o f  p  va lu es  f o r  D N A betw een  6000 and  8000 has been  
103o b s e r v e d  ,  but m o re  con sisten t va lu es o f about 6600 have b een

92ob ta in ed  w ith  fre s h  p rep a ra tion s  fr o m  a n u m ber o f  so u rce s  , 

and h i ^ e r  va lu es a re  p ro b a b ly  a n  in d ica tion  o f  denaturation, if  

on ly  to  a lim ite d  e x te n t.

P erm a n en t in c re a s e s  in the 6^p va lu e  a re  produced
27 28 53when DNA so lu tion s  a r e  heated   ̂  ̂ ,  trea ted  w ith a c id  or

su b jected  to u ltra son ic  irradiation^^
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o r  irradiated, witlr Y -ra y a   ̂ P lo ts  o f a b sorp tion  against pH

a re  o f p a rticu la r  in terest because a con sid era b le  d ifferen ce

between the fo rw a rd  and back  titra tion  curves is  ob served , and

Shaek and T hom psett have shown that these data can be plotted

in  a Ynanner w hich  furn ishes h y s te re s is  cu rves  com parab le  with
26those fro m  p oten tiom etric  titrations . This h y steres is  is

g rea tly  drm-ioished when the solu tions are p rev iou s ly  heated o r

treated  with acid  or  a lkali .

The ab sorp tion  oi DNF co m p rise s  contributions from

its  DNA and p rote in  com pon en ts, but the p ro te in  absorption  ia

v e ry  sm a ll com pared  with that o f  DNA (T able I and r e f . 103)

s o  that the essentia l features o f  the absorption  cu rves o f DNA

a n d  DNP a re  sim ilar^  both having a maximum of 259 m pw ith  a

m in im u m  at 23<! mp, in  th e  ca se  o f DNA and 235 mp, in  that of

DNP [figu re  9 and re fs  . 26 and 90) . In studies o f the d issocia tion

of DNP^ Crampton^, D ipshitz and C hargaff obtained a considerable

v a r ia tion  o f  v a lu es , but the m a jority  w ere  between 6800 and 
897300 # A  sp ecim en  of DNP p r ^ a r e d  from  avian tu bercle  b a c illi

90 88had an  o f  7400^ , and the data o f  Doty and Zubay fo r  ca lf

thym us DNP g ive  an of 7350 - 3 5 0 . The values listed

in table I  (p . 24 ) fo r  the later preparations o f  DNP (7100-7500)

a re  in  a g reem en t with these two latter fiudings and thus the

value o f  DNP is  8 to  10% higher than th^t of DNA, which is  a

52
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d if fe r e n c e  g re a te r  than one ca n  attribute to ex p erim en ta l e r r o r .

A n  in c re a s e  in  ^  p  o f th is  m agnitu de is g re a te r  than w ould  resu lt

fr o m  th^ a lg e b ra ic  a d d ition  o f  the a b so rp tio n s  o f  DNA and h istone
54(u sin g  data fro m  table  I an d  the an a lyses o f T oen n ies  and Bakay

th is  w ou ld  be le s s  than 1%) an d  w ou ld  th e re fo re  appear to be a

conse^iuence o f  D N A -p ro te in  in te ra c t io n . T h e in tera ction s  o f  seru m

p ro te in s  and lyM & ym e w ith  D N A  have b een  stud ied  sp e ctro p h o to -
103 107m e t r ic a lly   ̂ and in  th e se  in sta n ces  a d e p re s s io n  o f the ab sorp tion  

is  in d ica te d .

T rea tm en t o f  D N P so lu tion s  w ith  a lk a li p rod u ces  a

p erm a n en t in c re a s e  in  a b s o rp t io n , and sp e c tro p h o to m e tr ic  titration
26c u r v e s  o f  DNP so lu tion s  a re  s im ila r  to  th<B^ o f  DNA . T hese

o b s e rv a t io n s  su ggest that a c id , h e a t , and ir ra d ia tio n  w ill  a lso  have

a denaturing e ffe ct  on  DNP s im ila r  to that on D N A , but studies o f

su ch  p r o c e s s e s  have not y e t  b een  r e p o r te d .

A t a p a rticu la r  pH the denaturing action  o f a c id  and
26a lk a li  on  D N A is  instantaneous , but that o f heat and Y ^rays

52 53is  dependent on the dosage  ̂ , i . e  . the d u ration  o f  app lication

o f  the e f f e c t  a s  w e ll  as its in tensity  . The p ro te in  o f the DNP 

c o m p le x  co u ld  p ro v id e  som e  p ro te c t io n  a g a in st denaturation  w hich  

w ou ld  b e  o b s e r v e d  in re la tiv e  stu d ies o f  the denaturation  o f  DNA 

and D N P . T h e  w o rk  d e s cr ib e d  in  th is ch a pter w as con cern ed  with 

the in v e s t ig a t io n  o f  su ch  an e ffe c t  b y  com p a ra tiv e  sp ectrop h oto -
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m e t r i c  t itra t io n  ex p erim en ts  w ith  D N A and DN P so lu tion s  j and 

b y  tre a su r in g  the r e la t iv e  ra tes  o f in c re a s e  in a b so rp t io n  o f  

su ch  so lu tion s on  h eatin g  . A  sp e c tro p h o to m e tr ic  study o f  the 

in te ra c t io n  o f DNA w ith  h is to n e  w as a ls o  c a r r ie d  o u t .

E xp e rim en ta l

a ) The E ffe c t  o f  H eat on  the A b s o rp t io n  o f DNA and DNP Solutions 

Solutions o f  DNA and D N P in  0 .OOIM and in  l.O M  sod iu m  

c h lo r id e  w e re  p re p a re d  and th e ir  p h osph oru s con ten t w as d e te r ­

m in e d  c o lo r im e t r ic a l iy  (p  . 20 ) . A fte r  su itab le  d ilu tion , the 

u ltra v io le t  a b so rp tio n  cu rv e  o f  each  so lu t io n  w as obtained (p . 20 )* 

A liq u o ts  (5 m l .) o f  each  o f  the fo u r  so lu tion s  w e re  h ea ted  in 

b o il in g  w ater fo r  15 m in u tes in  s to p p e re d  tu b e s , and a fte r  coo lin g  

th e y  w e re  diluted  as b e fo r e  and the a b sorp tion  cu rv e s  m e a su re d  

o n ce  aga in   ̂ The a b so rp tio n  c u r v e s  a r e  shown in  fig u re  9 ^

In o r d e r  to  co m p a re  the re la tiv e  ra tes  o f  change o f  

a b s o r p t io n  of the fou r  so lu tion s  on  heatin g , su ffic ien t o f each  stock  

s o lu t io n  w as a p p rop ria te ly  d ilu ted  to  g ive  about 6 0 m l^ o f  so lu tion , 

th e  a b s o r p t io n  o f  w hich  cou ld  b e  con ven ien tly  m ea su re d  without 

fu r th e r  d ilu tion^  T w elve  a liq u ots  (4  m l^) o f  each  so lu tion  w e r e  

t r a n s fe r r e d  to  th in -w a lled  tea t tubes w h ich  w e r e  s top p ered  with 

g la s s  m a r b le s  and  p la ce d  in a b^Sfh of b o ilin g  w a ter  . A t noted  tim e 

in te rv a ls  one tube o f  each  so lu t io n  w as w ithdraw n and co o le d  in  an 

i c e  bath fo r  ab ou t a m in u te . W hen the ex p erim en t was com p le te
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(a p e r io d  o f 15 m in u tes  h eatin g  w as c o v e r e d )  the a b so rp tio n  o f 

ea oh  so lu tion  at 259 mp. w as m e a su re d  aga in st the ap p rop ria te  

so lv e n t  blank, and p lo ts  o f  ^  a g a in st t im e  w e re  con stru cted  fo r  

die fou r  solutions^ and a r e  illu s tra te d  in fig u re  1 2 . 

b ) S p e c tro p h o to m e tr ic  T itra t io n s

Solutions o f  D N A  and D N P in  both  0 .OOIM and l.O M  sod iu m  

c h lo r id e  w e re  u sed  and the p h osp h oru s  con ten t o f  each  so lu tion  

w a s d e term in ed  ( p ,2 0  )  . A liq u ots  o f th ese  so lu tion s w e re  so 

d ilu ted  (w ith the a p p ro p r ia te  sod iu m  c h lo r id e  solu tion ) as to  have 

a  con ven ien t a b so rp tio n  at 259 m p  (the p h osph oru s content o f  

su ch  solu tion s w a s abou t 0 .002 m g  . / m l . )  and the so lu tion s w ere  

t itra te d  w ith  sod iu m  h y d ro x id e  so lu tion s (in it ia lly  O .IN , fo llow ed  

b y  1 .0 ;^  to pH 12 .5 and then b a ck  titra te d  to  n eu tra lity  with h y d r o ­

c h lo r ic  a c id  so lu tion s (in it ia lly  l.O N , fo llo w e d  by O .IN ). About 

30 m l .  o f  the d ilu ted  so lu t io n , a c c u r a te ly  m e a s u re d , w e re  used 

f o r  e a ch  t it r a t io n . D urin g  the t itra t io n , a liqu ots o f  about 4 m i . 

w e r e  w ithdraw n fo r  m ea su rem en t o f  the a b so rp tio n  (at 259 m p 

o n ly ) , and w e r e  then retu rn ed  to the t itra t io n  v e s s e l . A  C am bridge 

p o r ta b le  pH  m e t e r  with ^ 'a lkacid" g la ss  e le c t r o d e  w as u sed  fo r  pH 

m e a s u re m e n t  and it  w as sta n da rd ised  b e fo r e  u se  with phthalate 

and b o ra te  b u ffe rs  (pH 4 .0 0  and 9 .1 8 , r e s p e c t iv e ly )  and checked  

w ith the sa m e  b u ffe rs  a fte r  each  t it r a t io n . The titra tion  to  pH 12 .5 

and b a ck  to  n e u tra lity  w as rep ea ted  on  e a ch  titra ted  so lu tion  to
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p ro v id e  the c o r r e s p o n d in g  data  i o r  a lk a li'-trea ted  m a te r ia ls  .

A  so lu t io n  o f  DJQA in  0*001M  sod iu m  ch lo r id e  wag titra ted  

to  pH  Z and b a ck  t o  n e u tra lity , th e  titra tion  a g a in  b e in g  fo llow ed  

s p e c t r o p h o to m e tr ic a l ly .  T he acid-^treated  m a te r ia l ,  w hich  this 

s o lu t io n  then r e p r e s e n te d , w a s  su bseq u en tly  t itra te d  to pH  12^5 

and b a ck  to  n eu tra lity , and a t itra t io n  to pH 2 o f  an a lk a li-tre a te d  

so lu t io n  o f  D N A w as a ls o  c a r r ie d  out, the titra tion s  agAin being 

fo l lo w e d  s p e c t r o p h o to m e tr ic a l ly .

The s p e c tro p h o to m e tr ic  t itra t io n  in the a lkaline reg ion  

w as rep ea ted  on  so lu t io n s  o f  D N A  and DNP in  0 .OOlM and 1 .OM 

sod iu m  ch lo r id e  a fte r  heating f o r  15 m inutes at 100^C, the heat 

trea tm en t having b een  ap p lied  to the so lu tion s  b e fo r e  d ilu tion  fo r  

t it r a t io n . A n  add ition a l t itra t io n  o f  a so lu tion  o f  DNA a fter  

h eatin g  in  0 .OOlM so d iu m  c h lo r id e  was done in  w h ich  the so lu tion  

f o r  t itra tion  w as d ilu ted  w ith  l .O M  (in stea d  o f  0 .OOlM) sod ium  

c h lo r id e  s o lu t io n . T h e  t itra t io n  c u rv e s  a r e  re p ro d u ce d  in  figu res  

13 to  17 .

T w o  ex p erim en ts  w e re  c a r r ie d  out in  w h ich  m o re  co n ce n ­

tra te d  so lu tion s  o f  DNP w e re  t itra te d  and sa m p les  w ithdraw n at 

su ita b le  pH  in te rv a ls  and d ilu ted  fo r  a b so rp tio n  meaa^urements, 

but th is p r o c e d u r e  p ro v e d  to b e  fa r  le s s  a c cu ra te  than the titra tion  

o f  d ilu ted  so lu tion s  .

c ) In te ra c t io n  o f  D N A w ith H iston e

The co n ce n tra t io n  of so lu tion s  of DNA and h istone in
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0 .OOIM sodium  ch lo r id e  was determ ined  by phosphorus analysis 

( p . 20 )  in the ca se  o i DNA and iro m  the intensity oi absorption  

at 275 m p  (iigu re  lO) in  the ca se  o f  h istone , A n  aliquot o f the 

DNA solu tion  w as d iluted  to g ive  a d ire ct ly  readable absorption  

at 259 m p  and 5 m l . o f  this so lu tion  w e re  p ipetted into a test tube . 

The histone so lu tion  w as d iluted  s o  that its concentra tion  by 

w eight was about ten  t im e s  that o f the diluted DNA solution ; this 

req u ired  a tw en ty -fo ld  d ilu tion . A liquots o f 0 .05 m l .  of this 

d iluted h istone so lu tion  w ere  s u cce s s iv e ly  added to the DNA 

solu tion  and the a b sorp tion  o f the m ixtu re  at 259 mp. was m easured 

a fter  each add ition . When C .4  m l . o f the h istone solution had been 

added , the m ixture b e ca m e  sligh tly  op a lescen t and the subsequent 

add ition  o f h istone so lu tion  p ro d u ce d  an in crea sin g  turbidity .

A n  a liqu ot (0 .5  m l . )  o f  die h istone so lu tion  was diluted with 5 m l . 

o f  w ater  and its a b sorp tion  at 259 m p  w as m ea su red  and was less  

than 1% o f  the a b so lu tion  o f  the D N A solu tion  p r io r  to  the addition 

o f  h is to n e . The pH of the h istone solu tion , b e fo r e  dilution, was 

d eterm in ed  with a C am bridge p orta b le  pH m e te r  . F igure 18 shows 

the change in absorption  as h istone is  added to the DNA solu tion .

R esu lts  and D iscu ss ion

The e ffe c t  o f  heat on the absorption  cu rves o f solutions o f 

DNA and DNP in both 0 .OOIM and l.O M  sodium  ch loride  is 

illu stra ted  in figure 9 which shows that the w e ll known in crease
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Figure 11. The DNA m odel o f  W ilkins et al.



-50-

ijOL o f  DNA 18 o b s e rv e d  with DNP at low  ion ic  strength , and 

ihe value a fter  heating is  v irtu a lly  the sa m e  fo r  the two 

substances^ 8530 fo r  DNA and 6450 fo r  D N P . At the higher 

e lectro ly te  con cen tra tion  the behaviour is  d iffe ren t and a re la tive ly  

sm a ll in cre a se  o c c u r s ,  the fin a l ^  p  values being 7160 fo r  DNA 

and 7590 fo r  DNP .

E xplanations o f  the r is e  in o f  DNA on denaturationJr
have been advanced on the baeis  o f the W atson and C rick  stru cture

A  m oiecu lar m od e l o f a p a rt o f  this stru ctu re  has been constructed
71by  W ilkins et a l . and is rep resen ted  in  figu re  11, from  w hich it  

can  be  c le a r ly  seen  that w ithin  the DNA h e lix  the nucleotides a re  

c lo s e ly  stacked above each  other in a continuous sp ira l perm itting 

e le ctro n ic  in teraction  betw een the a rom a tic  rings o f  the purine 

and pyrim id ine b a se s  . A n  in tera ction  o f this type betw een su p er­

im p osed  layers  of a ro m a tic  rin gs in  concentrated  solutions o f 

ce rta in  dyes has b een  shown to resu lt in a d ifferen t absorption  

spectru m  fro m  that o f dilute solutions w here the arrangem ent is 

p rob a b ly  random  , O verlapping o f  the 7T*orbitals from  the 

a ro m a tic  rings o f  p a rtia lly  su p erim p osed  ba ses cou ld , in a 

s im ila r  w ay, accou n t for  the absorption  o f  DNA being low er than 

that ca lcu la ted  fro m  the nucleotide absorption s . Laland and his 

co llea g u es  have suggested  that the in c re a s e  in ^ p  which o ccu rs  

as the DNA m o le cu le  ia denatured is  the resu lt o f a p artia l b re a k -
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down in these e le c tro n ic  in teraction s resu lting  fro m  the rtpture 

o f intram olecu lar h yd rogen  bonds and the consequent deform ation  

o f  the h elix  . In m o re  m undane te rm s , Law ley explains the change 

in in term s o f an in c re a s e  in  ch rom op h or ic  area  as the o rd e r ly

stacking o f bases in  the DNA h elix  is rep la ced  by a random  a rra n g e -
Z8m ent in the denatured m o le cu le

The 6  value o f  about 8500 fo r  the h eat-trea ted  solutions o ftr
DNA and DNP in O.OOIM sod ium  ch lor id e  m ay thus be  term ed  the 

o f  the random ly d iso rd e re d  stru ctu re  . The d ifferen t values obtained 

fo r  solutions in  l.O M  sod iu m  ch lorid e  w ill be d iscu ssed  later with 

the sp ectrop h otom etric  t itra tion  data ^

Data fo r  the re la tiv e  in cre a se  in ^ p  o f  DNA and DNP on 

heating a re  presen ted  in  figu re  12 w hich  is  a p lo t o f  against 

tim e  o f heating at 100°C . Thom as has shown (spectroph otom etrica lly ) 

that at 70^C denaturation o f DNA in  dilute sod ium  ch loride  does not 

p r o c e e d  at a m easu rable  ra te , at 75^C it  o c cu rs  s low ly , and at 

7 7 .5 ^ C  the p ro ce ss  b ecom es  m ore  ra p id . The cu rves o f  figure 12 

show  that denaturation in O.OOIM sodium  ch lorid e  o c cu rs  very  

rap id ly  ah 100^ C 'and the fin a l value fo r  both DNA and DNP is

8700, but on ly a v e ry  s low  in crea se  o c cu rs  in a stron g  sodium  

ch lorid e  solution^ Under these con d ition s, the pnotein  appears to 

a fford  only a little  p ro te ct ion  against denaturation o f  the DNA within 

the co m p le x . If the p ro te in  o f  the DNP is  wound around the shallow er
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g r o o v e  o f  the D N A  h e lix  (A  in  f ig u r e  U) and h e ld  th e re  b y  in t e r ­

a c t io n  o f  its  b a s ic  g ro u p s  w ith  DNA. phosphate g r o u p s , a s  has 

b een  su ggested  iA th e  c a s e  o f  f is h -s p e r m  jDhOE ,  it is  p ro b a b le  

that it cou ld  a f fo r d  on ly  s lig h t  p ro te c t io n  aga in st attack  o f the 

in te r -b a s e  h y d ro g e n  b on d s  v ia  the d eep er  g ro o v e  (B  in  figu re  11} 

o f  the h e R x .

The e !^ perim ental r e s u lts  o f  the s p e c tro p h o to m e tr ic  

t itra tion s  a r e  s u m m a r is e d  in  T a b le  IV  and the titra tion  cu rv es  

a r e  re p ro d u ce d  in  f ig u r e s  13 to 17 . P lo ts  o f  v e rs u s  pH 

w e r e  m ade in p r e fe r e n c e  to  th ose  u sed  by  S h ack  and T h om psett 

( l o c  , cit^} fo r  they a f fo r d  e a s y  and d ir e c t  c o m p a r is o n  o f  the 

v a r io u s  e x p e r im e n ts , and  co m p a r is o n  o f  th ese  data w ith th ose 

r e p o r te d  by o th ers  .

On titra tio n  to  p H  12 .5  and b a ck  to  n eu tra lity , so lu tion s 

o f  D N A  and DNP in e ith e r  l.O M  o r  0 .OOIM sod iu m  ch lo r id e  exh ib it 

a n  h y s te r e s is  (f ig u re s  13A  and 14A) w hich  is  r e m o v e d , o r  grea tly  

d im in is h e d , in  ea ch  c a s e  by  p re v io u s  heating ( f ig u re s  13C and 14c) 

o r  b y  th e  a c t io n  o f  a lk a li (B g u res  13B and 14B) . The tkration cu rv e  

o f  a D N A  so lu t io n  in  d ilu te  sod iu m  ch lo r id e  to  pH  2 .5 and b a ck  

to  n eu tra lity  show s a s im ila r  h y s te r e s is  ( f ig u re  15A } i^&ich is  

r e m o v e d  i f  the so lu t io n  is  f ir s t  titra ted  to  pH  12 .5 ,  as shown in 

f ig u r e  15B . W hen  th e  a c id  trea ted  so lu tion  o f  D N A  wag titra ted  

with a lk a li to  pH  12 .5  and b a ck  titra ted  to  n eu tra lity  the h y s te re s is
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o i the titra tion  c u r v e  w as no lo n g e r  o b s e rv e d  (fig u re  15A) . T h ese

titration  cu rv e s  a r e  a ll  s im ila r  in  shape to p lo ts  o f  a b sorp tion

against pH w hich  h a v e  b e e n  p r e v io u s ly  r e c o r d e d  fo r  DN A

solutions^^*^^^^^^, and the va lu es  o f so lu tion s  o f  both  DNA

and DMP in  d ilu te  s o d iu m  c h lo r id e  a fte r  titra tion  a re  a il  in  the

region  o f  8000 (T ab le  IV)^ ex cep tin g  th ose  denatu red  b y  heat w hich
28have a som ew h at h ig h e r  va lu e  o f  85 00 . L a w ley  has rep orted  

( p  values of 8 0 0 0 -8 5 0 0  fo r  D N A  so lu tion s  denatured  by acidj^ 

a lk a li, and h eat, and  th e  data o f  L a la n d  et a l .^ ^  g ive  values 

o f  about 8500 fo r  D N A  so lu t io n s  a fte r  trea tm en t with a lk a li o r  a c id . 

Tw o in te ip re ta tion s  o f  th e se  data can  be  m ade . The a ction  o f heat, 

a cid , or  a lk a li m a y  r e s u lt  in co m p le te  denaturation  to a random  

sta te  of d is o r d e r  having a c h a r a c t e r is t ic  ^ ^  o f about 8000, or 

denaturation  m ay o c c u r  on ly  to  a c e r ta in  d eg ree  g iv ing a d istorted  

o r  d e fo rn ied  h elix  w h ich , w h ils t  not in  a random  sta te  o f  d is o rd e r , 

h as a c h a r a c te r is t ic  dependent upon the extent o f  deform ation ,

an d  the action  o f h ea t w ou ld  then  a p p ea r  to p ro d u ce  a g rea ter  

d e g re e  o f  d e fo rm a tion  than that o f  a c id  o r  a lk a li .  T h e  s im ila r ity  

o f  the ^ p  va lu es o f  denatu red  D N A  and D N P solu tion s ind icates 

that the p ro te in  does not r e s t r ic t  the sta te  o f  d e fo rm a tion  o f  the 

DNA w ith in  the DNP co m p le x  ^

Shaek and T h om p sett p re s e n te d  th e ir  sp ectrop h oto - 

m e tr ic  t itra t io n  data a s  a p lo t  o f  cL a g a in st pH , cL bein g  defined  by
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the equation  o.= ^  . H ere , D is the op tica l density  at a

given. pH  and op tica l d en s ities  when cL = 0 and 1

r e s p e c t iv e ly , and a r e  obtained  fro m  the asym ptotes of the forw a rd  

and back  titra tion  c u r v e s  . B y  th is m eans they w ere  able to show 

that the h y e tey es ia  o f  the sp ectro p h o to m e tr ic  titra tion  curve was 

a lm ost id en tica l in  fo r m  with that o f  p o ten tiom etric  titration  

cu rv e s  . A  c o m p a r iso n  o f  Shaek and Thompaett^s m ethod and the 

d ir e c t  p lo t  o f  aga in st pH  is  m ade in  R gure 16 using data from

die sp e ctro p h o to m e tr ic  t itra tion  o f DNA in  O.OOIM sodium  ch lorid e  

so lu t io n . The DNP so lu tion  in  0 .OOIM sod iu m  ch lorid e  furn ished  a 

t itra t io n  cu rv e  v e r y  s im ila r  to  that o f  DNA (figu re  14A and r e f ,  26) 

and it m ay th e re fo re  be in fe r re d  that this m a ter ia l w ould a lso  

exh ib it the an om alous p o te n tio m e tr ic  titration  behaviour o f  DNA 

( c f . ch a pter  IH) indicating the h y d rog en  bonded s tru c tu re . S pectre  

p h o to m e tr ic  titra tion s o f  DNP to  an  a c id  pH cou ld  not be m ade fo r  

p re c ip ita t io n  o f  the m a te r ia l o c c u r r e d  b e low  pH  5 .

T h e cu rv es  fo r  so lu tion s o f  DNA and DNP in l.O M  sodium  

c h lo r id e  show  two points o f  s im ila r ity  w ith , and two d iffe ren ces  

fr o m , th e ir  cou n terp a rts  fo r  so lu tion s in  O.OOIM sodium  c h lo r id e . 

T he s im ila r it ie s  a r e  the attainm ent o f  a m axim um  o f about 

8700, and the re m o v a l o f the o r ig in a lly  p resen t h y steres is  by 

trea tm en t w ith a lk a li o r  by heating , T he d iffe ren ces  are  in the 

^  va lu e  a fte r  titra tion , w hich  ia about 7500 com pared  with 8000
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fo r  the solutions o f  low  io n ic  strength (T ab le  IV)^ and the low er 

pH  at w hich  the steep  in c re a s e  in a b sorp tion  o c cu rs  . T h ese  

p rop ertie s  in l .O M  sod iu m  ch lo r id e  a re  o b se rv e d  w ith solutions o f 

both DNA and DNP .

The h y s te r e s is  beh a viou r is  analogous w ith that in  the

dilute sod iu m  ch lo r id e  s o lu t io n s , thus the p re s e n c e  o f  the hydrogen

bonded stru ctu re  fo r  both  m a te r ia ls  is  aga in  in d ica ted . R em oval

o f  the h y s te r e s is  fr o m  the cu rv e s  by  treatm ent with a lkali or by

heating is  o f  im p orta n ce  w hen co n s id e re d  in  con ju nction  with the

re la t iv e ly  low  va lu e  a fte r  t itra t io n . By analogy with the

p o te n tio m e tr ic  t itra tion  c u r v e s ,  the d isa p p earan ce  o f  this

h y s te re s is  s ig n ifies  the rupture o f the in tra m olecu la r  hydrogen

bonds and a  denatured  m o le c u le  w ould  then be ex p ected , but the

value o f 7500 co m p a re d  w ith 8000 fo r  solu tion s in dilute

so d iu m  ch lo r id e  is  con s is ten t w ith le s s  d e form a tion  o f the helix

in  l.O M  sod iu m  ch lo r id e  than in 0 .OOIM sodium  ch lo r id e  . It

w ou ld  thus appear that in  a stron g  e le c tro ly te  so lu tion  there is

so m e  p ro te c t io n  against^ o r  inh ib ition  o f ,  d e fo rm a tion  o f  the DNA

h e lix  ( i . e .  denaturation ), but not aga in st in tra m olecu la r  hydrogen

bon d  r u p tu re . The explanation  o f this behaviour p rob a b ly  lie s  in
53the o b s e rv a t io n  b y  Thom as that DNA solu tion s m ay be denatured 

by  d ilu tion  to v e r y  low  sod ium  ch lo r id e  concentrations (e .g . 10 

fo r  th ere  a r e  then in su ffic ien t ca tion s  to n eu tra lise  the DNA
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t itra tion  cu rves  in
A , 0 OOIM sodium  c h lo r id e , and B , l.O M  sodium  chloride, 
o f a heated  so lu tion  o f DNA in  0 .OOIM sod iu m  ch loride
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phosphate grou ps w h ich  m a y  r e p e l  each  o th e r  su ffic ie n tly  

s tro n g ly  to cau se a d e form a tion  o f the h e l i x . In a stron g  sodium  

ch lo r id e  so lu tion  the rupture o f in tra m o le cu la r  h ydrogen  bonds 

w ould  p e rm it  any d e fo rm a tio n  o f the h e lix , hut this is r e s tr ic te d  

by the p re se n ce  o f  a h igh  co n ce n tra tio n  o f sod ium  ions around the 

phosphate grou ps . The a b se n ce  o f  such ions at m o re  d ilute 

sod iu m  ch lorid e  le v e ls  p e rm its  rep u ls ion  o f  DNA phosphate groups 

to aid d e fo rm a tion  o f the h e l ic a l  s t r u c tu r e . E xperim ental 

ev id en ce  in  su pport o f  th is  th e o ry  w as rea d ily  obtained by heating 

a so lu tion  o f  DNA in  0 .OOIM sod iu m  ch lo r id e  and diluting two 

aliquots fo r  t itra t io n , one with O.OOIM sod iu m  ch lo r id e , and one 

w ith  1 .OM sodium  ch lo r id e  .  E a ch  so lu tion  w as then titrated  to 

pH  12 and ba ck  to  n eu tra lity  and the cu rv es  p lotted  a r e  illu stra ted  

in  R gu re  17 . The s p e c tro p h o to m e tr ic  titration  behaviour was thus 

sh ow n  to  be a function  o f  the io n ic  strength  o f the solution  and the 

ex p erim en t furth er su ggested  that the denatured DNA m olecu le  

is  a s ligh tly  d e form ed  h e lix , ra th er  than a random ly d isord ered  

s tr u c tu r e , fo r  the low erin g  o f  on  diluting the heat-denatured

so lu tion  w ith  l.O M  sodium  ch lo r id e  so lu tion  im p lies  deform ation  

to  a le s s  extent than in the so lu tion s  o f  low  io n ic  s tren g th .

A s an a lternative to the a ttrib u tion  o f  the low er  values

o f denatured  m a ter ia ls  in l.O M  sod iu m  ch lo r id e  solution  to  m o d ifi­

cations o f  neighbouring phosphate group in tera ction s , the d ifferen ce  

m ay be co n s id e re d  a con seq u en ce  p u re ly  o f the e ffe ct  o f  the
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stron g er  e le c t r ic  f ie ld  obtainicig in  the so lu tion s o f  h igher ion ic 

strength  on  the 7T orb itn l in tera ction s  o f  the b a se s  .

The sh ift o f  pH  at iTsdiich the steep  in cre a s e  in  the forw a rd  

titration  cu rve o c c u r s  on changing fr o m  0,001M  to l.O M  sodium  

ch lorid e  solu tion  is p rob a b ly  ca u sed  by a change in the pK  values 

o f  the d is s o c ia b le  groups in vo lved  in  h ydrogen  bondings in the 

solu tion  of h igh er io n ic  strength  . The in cre a se  in  ^  ^  to values 

o f  a lm ost 9000 (T ab le  IV) at the ex trem es  o f  pH  m ay be attributed 

to  the ion isation  o f the b a se s  f o r  th is  w ould a lte r  the e le ctron  

cListribution in  the a ro m a tic  r in g s , and h en ce  the a b sorp tion .

T h ese  sp e ctro p h o to m e tr ic  e^q^eriments show that the 

DNA within the DNP co m p le x  re ta in s  its ch a ra cte r is t ics  and the 

p re se n ce  o f  p ro te in  a p p ea rs  to  m a te  little  m od ifica tion  to  its 

b eh a v iou r , fo r  DNP solu tion s a r e  denatured by heat and alkali 

in  a  s im ila r  m anner to solutions o f  D N A .

Ther ulti'^Buriolet ab sorp tion  cu rv e  o f a so lu tion  o f  h istone 

in  0 .OOIM sodium  ch lo r id e  is  show n  in fig u re  10 and has a peak at 

275 A t 259 its a b sorp tion  is  v e ry  lo w  ( "  21) com pared

with the a b sorp tion  o f  DNA at this w ave length 6650) * The

addition  of h istone and DNA solu tions p rod u ced  a slight in crease  

in a b sorp tion  at 259 w hich w as g re a te r  than would result from  

the a lg e b ra ic  addition  o f  the tw o a b sorp tion s  . F igure  18 shows the 

in cre a s e  in  a b sorp tion  which o c c u r r e d  as a solution  of histone was 

gradually added to DNA in 0 ^OOl /̂i sod ium  ch lorid e  . As the ratio
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by w eight o f  h iston e  to DMA a p p roa ch ed  unity the solution  

b eca m e o p a le sce n t, and then in cre a s in g ly  tu rb id  resulting in 

a s teep er  and le s s  u n ifo rm  in c re a s e  in  a b s o r p t io n . H ow ever, 

i f  the in itia l s lo p e  is  ex tra p o la ted  to  a w e igh t ra tio  o f  1 .0 , 

the va lu e a t  th is p o in t is  7250 w hich  is  the value observed

in  fresh  DNP so lu tion s . The pH  o f  the h istone solu tion  was 

5 ,6 and that o f  the DMA so lu t io n  w as 6 .8 ; in  a s im ila r  experim ent 

using a h istone so lu tion  at a lo w e r  pH (3 .1) the so lu tion  becam e 

tu rb id  a lm ost as s o o n  as  additions to the DNB so lu tion  w ere  

co m m e n ce d . The b ro k e n  lin e  o f  figu re  18 rep resen ts  the 

a lg e b ra ic  sum  o f  the h iston e  and DNA a b sorp tion s  .

T h is ex p erim en t in d ica tes  that the h igh er value fo r  the 

^  o f  DNP (7300 co m p a re d  w ith  6700 fo r  DNA) is  a consequence 

o f  in tera ction  betw een  p ro te in  and DNA , T h e  m od ifica tion  of 

e le c tro n  in tera ction s  w h ich  the in cre a se  suggests p robab ly  a r ise s  

fr o m  the p ro x im ity  o f  h eav ily  ch a rged  p ro te in  grou ps ra th er  than 

d e fo rm a tio n  o f  the h e lix  .
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(^^aptey V . L igh t S ca tter in g  E xp erim en ts

The m o r e  r e c e n t  m o le c u la r  w eigh t d eterm inations on 

sa m p les  o f  DNA h ave b e e n  m a d e b y  the use  o f  lig h t scattering  

m ethods and the data obtained  have a ls o  p ro v id e d  in form ation  

con cern in g  the shape o f  the m o le c u le .

S catterin g  e n v e lo p e s  o f  DNA and DNP solu tions at 

d iffe ren t e le c tro ly te  co n ce n tra tio n s  w e re  obtained both b e fore  

and a fter  heat trea tm en t o f the so lu tion s in a fu rth er attem pt to 

a s s e s s  the in flu en ce  o f  the p r e s e n c e  o f  p ro te in  on the behaviour 

o f  D N A . The ligh t s ca tte r in g  m eth od  w as a ls o  used to  m easu re  

the m o le cu la r  w eight o f  tw o o f  the h iston e  p rep a ra tion s  in order 

to com pare the th e o r e t ica l  w eight a v era g e  m o le cu la r  w eight o f  

d is s o c ia te d  DNP w ith that o b s e rv e d  in  s tron g  sod iu m  ch lorid e  

s o lu t io n .

T h e o re t ica l

The g en era l phen om en on  and fundam ental th eory  o f  light
34sca tterin g  have been  known fo r  m any y ea rs  , but the conception

o f  using the ligh t s ca tte red  b y  la r g e  m o le cu le s  in  so lu tion  to

d eterm in e  the in m o le cu la r  w eigh t w as f i r s t  in trodu ced  by  P utzeys 
109and B rostea u x  in  1935 and the rap id  developm ents which have

35 36io llo w e d  a ro s e  la rg e ly  fr o m  the w ork  o f D ebye  ̂ . The

p rin c ip a l ad^arantage o f the light sca tterin g  m ethod is that it perm its
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deteTiniiia.tion o f a. m o le c u la r  w eigh t w ithout m aking p rev iou s

assum ption s about the m o le c u le 's  sh ape , and s im u ltan eou sly
40p ro v id e s  in fo rm a tio n  co n cern in g  m o le cu la r  shape

R a y le ig h 's  o r ig in a l  equation  fo r  the in ten sity , i^  , o f 

light s ca tte re d  at an angle  6 ° to  an incident b ea m  o f  in tensity  I 

is  given by

^6 = 8 7 r^ ')g ,^ ( l+  cos^e)
I ^4 r  2 ^

(i)

w h ere  is  the w ave length  of the ligh t in  v a c u o , R is the d istance

o f the sca tterin g  m o le cu le s  fr o m  the o b s e r v e r ,  is  the num ber o f

sca tte r in g  m o lecu les  p e r  unit vo lu m e and a, is  the p o la r isa b ility

w h ich  c a n  be re p la ce d  by the r e fr a c t iv e  inde^^ n , using the ^quality

u -  n -  1 . E ?q)erim ental data u sually  trea ted  in  the fo r m  o f  the
2

re d u ce d  intensity  (o r  R a y le igh  ra t io ) ,  R ^ , w h ich  is  defined  by 

equation  2 , o r  the tu rb id ity , w h ich  is a fu n ction  o f the redu ction  in

(2)

intensity  o f  the incident b ea m , in  passin g  th rou gh  a d istan ce  ^ o f  

the s y s te m , due to  sca tterin g  and is  defined  in equation  3, in w hich

I = I e o (3)

I is the in ten sity  o f  the tran sm itted  b e a m . It can  be shown that R  

and a r e  re la ted  by equation and fo r  an id e a l solution  of a
e
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T  = .R . ( 4 )

. .3 6
3 90

m a cro m o le cu le  it  ca n  b e  p r o v e d  that equ ation  5 is  v a l i d . H e re ,

N is  A v o g a d ro 's  n u m b e r , M  the m o le cu la r  w eigh t, c the c o n c e n ­

tra tion  in g . /u n it  v o lu m e , n^ the r e fr a c t iv e  index of the so lv en t,

and n the r e fr a c t iv e  index  o f  the so lu t io n . F o r  s im p lic ity , equation
n^(n  -  n(J^ c  MO '—c-

90 N \ (5)

= K cM  (6)

5 is  g en era lly  w r itte n  and u sed  in  the fo r m  o f  equation  6 . A  

s im ila r  re la tion sh ip  to  equ ation  3 m ay be  obtained  fo r  the tu rb id ity ,

^  = H cM  (7)

instead  of red u ced  in ten s ity , and th is a ls o  is  u su a lly  w ritten  in  

the abbrev ia ted  fo rm  o f  eq u a tion  7 .

The con sta n ts , K  and H , a r e  c h a r a c te r is t ic  o f  a g iyen  

so lu tion , and th ese  equations sh ow  a c lo s e  M m ila rity  to  the 

v a n 't  H off e iip re ss io n  fo r  the o s m o t ic  p r e s s u r e ,  P ,  o f  an  id ea l 

s o lu t io n . F o r  r e a l  so lu tion s  the van*t H off equation , 8 , is m od ified  

to the fo rm  show n in  equation  9 surd in  a s im ila r  w ay , a v ir ia l

P  = cR T
M

cR T
1= J -  + B e  + D e 

M

(S)

coeR ic ien t m a y  b e  in trodu ced  in to  the ligh t sca tterin g  e x p re ss io n s
110 . It can  now  b e  seen  that a p lot of K c

^90

giving equation  10
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K c
R 90 M

(10)

ag^^inst c m ay b e  ex tra p o la ted  to  g ive  an in te rce p t  a t ze ro

con cen tra tion  w hich  is the r e c ip r o c a l  o f the m o le cu la r  w e ig h t.

W hen the m o le c u la r  d im en sion s b e c o m e  com p a ra b le

with the w ave length  o i  the lig h t em ployed^ the s im p le  equations

so  fa r  used  a r e  n o  lo n g e r  v a lid  b e ca u se  in te r fe re n ce  and r e -

in io rcem en t o c c u r  a m o n g s t  l i ^ t  s ca tte re d  a t v a r io u s  p a rts  o f

the m o le c u le , thus ca u s in g  i^ to  v a ry  with G as a co m p le x  iu n ction

o f  the Himp-MsioTiR o f  the s ca tte ru ig  m o le cu le  . A  c o r r e c t io n  fa c to r

m u st th e re fo re  be a p p lie d  to the o b s e rv e d  va lu es o f  ig , and this

is  given by the r e c ip r o c a l  o f  the p a r t ic le  sca tter in g  function.,

P (e )  ̂ w hich  is  a su m m ation  o v e r  a l l  the sca tte r in g  elem en ts o f

the p a r t ic le  and  has a c o m p le x  m a th em a tica l d efin ition  in term s
35 36o f  the dim enjsions o f v a r io u s  m o d e l sy s te m s  * * . A ssum ption s

about the shape o f  the m o le c u le  can^ h o w e v e r , be avoided  in  the
40m ethod  us ed by Z im m  w h ich  depends on  the fa c t  that the

p a r t ic le  s ca tte r in g  fa c to r s  a r e  unity when 9 is z e r o j  the sca tterin g

at variou s an g les  is th e re fo re  m e a su re d  and an  ex trap ola tion

m ade to  z e r o  angle . S in ce  P (9 )  is a fu n ction  o f  s in  -g - , Z im m

has shown that the ex tra p o la tion  is  b es t  e ffe c te d  fr o m  a p lo t  o f
2 9K c aga in st s in  + K c , w h ere  ^  is  an  a rb itr a r y  constant so  

ch osen  that the data fro m  d iffe re n t  con cen tra tion s  b e co m e  su itably
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se p a ra te d . A  g r id - l ik e  p lo t  is  then obtained (fig u re s  21 to 24) 

w hich  m ay  be s im u lta n eou s ly  extrap ola ted  a lon g  lin es  o f  constant 

con cen tra tio ii to z e r o  angle^ and along lin es  o f  constant angle 

to z e ro  co n ce n tra tio ii. T h e  two lin es p rod u ced  through these

9=0

c= o

M

1
MP(e)

(II)

(12)

extrapola tion s ha^e equations 11 and 12 r e s p e c t iv e ly  and they 

should  m eet in  a co m m o n  in te rce p t  w hich  is  the r e c ip r o c a l  o f  

the m o le cu la r  w e ig h t.

In con seq u en ce  o f  the integrating nature o f  the p a r tic le  

s ca tte r in g  function , the ra tio  o f  the in itia l s lo p e  o f  the lin e  at 

z e r o  con cen tra tion  to  its  in te rcep t a ffo rd s  the ca lcu la tion  o f  

the radius o f gyra tion , ,  o f  the p a r t ic le  as d e fin ed  by  equation

in itia l s lo p e  (c= o ) _ 16TT^
in tercep t 3 \

(13)

13 . T h is  m ay  then be u sed  to evaluate the d im en sion s o f certa in  
110m o d e l  s y s te m s

A lthough  a n u m b er -a v era g e  m o le cu la r  w eight can  be
112obtained  fr o m  light sca tterin g  data , the value obtained from  

Ihe trea tm en t d e s cr ib e d  ig a w e ig h t-a v e ra g e  v a lu e . The weight 

a verage  m o le c u la r  weighty g iven  sy stem  is defined

by equation  14  ̂ w h ere  and a r e  the num ber and w eight.
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M w 1 1
TYl. 1 1

(14)

respectiire ly  o f  the p a r t ic le s  o f the ith  sp e c ie s 113

Exrpe rim ental

Solutions o f  DNA IV  and D N P IV in  l.O M  and 0 .05M  sod iu m  

ch lo r id e  and a so lu tion  o f  D N A  IV  in  0 .002M  sod iu m  ch lo r id e  and 

o f DNP IV in  0 .0007M  p o ta s s iu m  phosphate bu ffer  (pH  6 .8 ) w ere  

p rep a red  and a p a rt  o f ea ch  so lu t io n  w as heated  at 100°C fo r  20 

m in u tes . A ll  the so lu tion s  w e r e  then c la r i f ie d  by centrifuging  fo r  

about 16 hours in  a v a cu u m  ce n tr ifu g e  at 22, 000 g . The sca tterin g  

en velop es o f  th ese so lu tion s  w e r e  m e a su re d  as d e s c r ib e d  la t e r .  

Solutions o f  DNA V  and D N P V  in  0 .OOIM and 1 .OM sod iu m  ch lorid e  

w ere  p rep a red  and a p o r t io n  o f  ea ch  so lu tion  was h eated  a t  100°C 

f o r  20 m inutes . S olu tion s o f  h is to n e  I A  and h iston e  IH in  0 .OOIM 

sod iu m  ch lo r id e  w e re  p re p a re d  and a l l  th e  so lu tion s w e re  then 

c la r if ie d  as b e fo r e  and the s ca tte r in g  en ve lop es  o f the DNA and 

DNP solutions w e re  m e a su re d , but in  the ca se  o f  the h iston es 

the sca tterin g  at 90° on ly  w as m e a s u r e d .

A fte r  c la r ify in g , a ll  the sb lu tion s  w ere  tra n s fe r re d  by  

m ea n s o f p ip ettes  to  co n ica l f la s k s ,  w ith  ex te rn a lly  ground s to p p e rs , 

fo r  s to ra g e  . A l l  g ^ a s  w a re  w ith  w h ich  the c la rijd ed  solu tion s 

w ould com e into con tact w as th orou g h ly  clean ed  w ith ch ro m ic  a c id .
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hot water^ and  d is t i l le d  w a te r , and then r in se d  in a s tre a m  o f 

re d is tille d  a ce to n e  and a llow ed  to d ry  in  an o v e n  a t about 5 0 °C . 

T h e light s ca tte r in g  c e lls  w e re  c lea n ed  by  w ashing w ith  a 

so lu tion  o f  *'S te r  g e n e "  in  d is t ille d  w ater and w e re  then r in se d  

with m uch d is t ille d  w a te r , fo l lo w e d  by  r e d is t i l le d  a ce to n e , and 

w ere  d ried  in the o v e n .

S ca tterin g  m e a su re m e n ts  w e r e  m ade at fou r  d iffe re n t 

d ilutions o n  the DNA and DNP so lu t io n s , and at sev en  o r  eight 

d ilutions o n  the h is ton e  so lu tion s  . T he a p p rop ria te  solvent fo r  

dilution o f  th ese so lu tion s  w as c la r i f ie d  b y  filte r in g , under 

p r e s s u r e  through  a p ad  o f  'm e ta s i i ' su pported  on a N o . 5 s in tered  

g la ss  d is c ,  d ir e c t ly  in to  the s ca tte r in g  c e l l .  A liqu ots o f  the 

so lu tion  under exam in ation  w e r e  then  added  s e r ia lly  to  the 

so lv en t and thorough ly  m ix e d  b y  m eans o f a sm a ll m a gn etic  

s t i r r e r ,  and sca tterin g  m ea su rem en ts  w e re  m ade a fte r  each 

add ition  of the so lu t io n . A ll  f i ltra t io n  and d ilu tion  op era tion s 

w e re  c a r r ie d  out in a d u s t - fr e e  cab in et and the ex a ct d ilu tions 

w e re  d eterm in ed  by w e ig h in g . T he d ilu tion  w as n orm a lly  m ade 

by  s u c c e s s iv e ly  adding 2, 2, 5 , and 5 m l .  o f  the c la r if ie d

so lu tion  to about 25 to 30 m l .  o f  the s o lv e n t .
39A  B r ic e -P h e o n ix  p h otom eter  , ca lib ra ted  against an

114opal d iffu sin g  s c r e e n  and ch e ck e d  w ith "L u d o x "  solutions , 

w as em p loy ed  fo r  m easu rin g  sca tte r in g  in ten sities ; the w ave
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length o f  the l i ^ t  u se d  (s e le c te d  by  a blue filte r  o v e r  a 

m e rcu ry  lam p ) w as 436 irui. T h e  sca tter in g  en velope  o f  DNA 

and DNP so lu tion s  w a s obta in ed  by m easu rin g  the intensity  o f  

the light s ca tte re d  fr o m  so lu t io n s  contained  in a cy lin d r ic a l 

c e l l  a t angles fr o m  25^ to  135° to  the incident beam ^ The ra tio  

o f  the intensity  o f  the lig h t s c a tte re d  at 90"̂  to that o f  the tra n s ­

m itted  beam  w as m e a s u re d  and the intensity  o f  the ligh t sca ttered  

at other angles r e la t iv e  to  that o f  the incident bea m  w as ca lcu la ted  

using this ra tio*  S im ila r  m ea su rem en ts  w ere  in itia lly  m ade on 

the so lven t its e lf  and these v a lu e s  w e re  su btracted  fro m  those o f  

the solutions to g iv e  the sca tte r in g  due to  the so lu te  . In o rd e r  to  

com pensate fo r  p o s s ib le  changes in  the resp on se  o f the p h o to ­

m u ltip lier  during p ro lo n g e d  use^ the seq u en ce  o f  read in gs w as 

m a d e  in a fixed  o r d e r  fr o m  135^ to  25^ and then b a ch  in  the 

r e v e r s e  o r d e r .  E a ch  read in g  w a s m a d e  in duplicate and readings 

a t 90° w e re  o b s e rv e d  b e fo r e  an d  a fte r , and h a lf w ay through, 

ea ch  seq u en ce , and the a v e ra g e  o f  die tw o sets o f  readings at 

each  angle was u s e d . Solutions o f DNP in  l.O M  sod iu m  ch loride  

gave w ide fluctuations in  in ten sity  and it was th e re fo re  n e ce ssa ry  

to m ake read in gs at 90° at m o r e  freq u en t in terv a ls  . In the ca se  

o f  the h iston e  so lu t io n s , rea d in g s  w e r e  m ade only at 90° and a 

sq u a re  s ca tte r in g  c e l l  w as u sed *
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R esu lts  and D is c u s s io n
K cF ro m  p lo ts  o f  ^—  aga in st c ,  Hie m o le cu la r  w eigh t o f

e
two o f the h istone sa m p le s  w as ob ta in ed . The graph fr o m  the

data o f h istone III is  sh ow n  in fig u re  19 and g ives  a m o le cu la r

w eight o f 72^ OOO, and that obta in ed  fo r  h istone I A  w as 63 , 000 .

The constant, K , in c lu d es  the r e fr a c t iv e  indei^ in crem en t o f

the p ro te in , and s in ce  fa c i l it ie s  fo r  its m ea su rem en t w ere  not
115available^ the avera ge  o f  the v a lu es  lis te d  by D oty and E d sa ll

fo r  tw elve other p rn ie in s  w as u sed  (0 .1 9 3 ). The m o le cu la r

w eights obtained are  co m p a ra b le  with those o f a num ber o f
115se ru m  p rote in s , but m uch  lo w e r  v a lu e s , in the reg ion  o f

10, 000, have been  ca lcu la te d  fr o m  sed im entation  experim ents
96w ith  certa in  fra ction s  o f  h iston e  .

E xtensive u se  has now b e e n  m ade o f  die Z im m  m ethod 

fo r  p lotting data fr o m  DN A so lu tion s  and va lu es f o r  M  o f 4 to 

7 X 10^ and fo r  o f  2000 to  2500 have been  observed ^ ^  44,110,114

S im ila r  values w ere  obtained in  the p re s e n t  ex p erim en ts , although 

in  the v e r y  dilute e le c tro ly te s  th e  readings obtained at angles 

b e lo w  40^ w e re  ignored  fo r  they w ou ld  have led  to  an extrapolation  

g iv in g  a negative in tercep t o f ^ , and the data fro m  solutions 

in  l.O M  sod iu m  ch lorid e  (fig u re  21) a r e  p ro b a b ly  m o re  r e lia b le , 

fo r  a sh o rte r  ex trap ola tion  w as p o s s ib le  . The resu lts  obtained 

a re  in clu ded  in  T a b le  V .
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None o f the data obtained fro m  DNP solutions in dilute 

e le ctro ly te s  ( i . e .  DNP IV in 0 .0 5 M  sod iu m  ch lorid e  and in

0.0007M  p o ta ss iu m  phosphate buffer^ and DNP V in  O.OOIM 

sodium  ch lo r id e ) cou ld  be rep resen ted  on a Z im m  p lo t , to r  the 

in ten sities  at constant con cen tra tion  gave a d iscontinuous c u r v e . 

B ehaviour o f  this s o r t  is  in d ica tive  o f v e ry  la rge  particles^^^*^^ 

and a d ia g ra m  w a s  con stru cted  showing the re la tive  sca ttered  

intensity  a s  a v e c to r  a lon g  th e angle o f s ca tte r in g . A  badly 

kinked en v e lop e , ty p ica l o f  la r g e  in so lu b le  p a rtic les  such as gold  

o r  su lphur s o ls ,  w as obta in ed  w hich  in  figu re  20 is  shown in  sharp 

con tra st with the sm ooth  cu rv e  p rod u ced  by the data fr o m  DNA in 

the sam e s o lv e n t . AU the data fr o m  preparation s o f DNP in  

dilute e le c tro ly te s  thus in d ica te  aggregation  o f the m olecu les  in 

th ese  solu tions .

Although it  p rov ed  im p oss ib le  to  m easu re  the m olecu lar  

w e ig h t o f  DNP in  dilute e le c tro ly te  so lu tion s , the m ethod was 

app lied  to so lu tion s in 1 .OM sod iu m  ch lorid e  with a little  m o re  

s u c c e s s  . The p lo ts  obtained (fig u re  22) w e re  n ot, h ow ev er , as 

a ccu ra te  as th ose  fo r  DNA solu tion s in  the sam e so lv en t. L ess 

a c cu ra te  va lu es  would p erh a p s  be  expected  from  an ex trem ely  

p o ly d is p e rs e  sy ste m  su ch  as that w hich  would resu lt fro m  the 

d is s o c ia t io n  o f  the re la tive ly  sm a ll p ro te in  moaety of the DNP 

c o m p le x .  T he values obtained  fo r  the m ean  m olecu la r  w eight



Table ^

P repa ra tion Solvent DNA DNP

M.w
'

Mw

IV 0 . 0 0 2 M N aC l 6 X 1 0 ^ 2 5 3 0 V  ̂ la rg e

V 0  .OOlM N aCl 5 . 9  X 1 0 ^ 2 3 2 0 V . la rg e

IV i.O M  N aC l 4 . 7  X 1 0 ^ 2 4 2 0 2  .9  X 1 0 ^ 1400

} IV heated l.O M  N aC l 4 . 3  X 1 0 ^ 1 2 2 0 2  .8  X 1 0 ^ 2340

V 1 .OM N aC l 5 . 7  X 10^ 2 5 0 0

V heated

. . ,

1 .OM NaCl 4 . 6  X 10^ 1770 2  .6  X 1 0 ^ 2460

Data obta in ed  Iro m  ligh t sca tterin g  m eaB urem ents 

on solu tion s o f DNA and DNP in  dilute and strong 

NaCl so lu tion
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and radius o f gyra tion  o f  the d issocia ted  DNP (TV) w ere

2 .9  X 10 and 1400 re sp e c tiv e ly  . C alcu lation  o f the w eight

average m o le cu la r  w eight of d issocia ted  DNP from  equation 14,

assum ing equal w eights o f  p ro te in  and DNA (from  the an a lyses
54 88o f Toennies and B akay and o f D oty and Zuhay ) having

4 #m o le cu la r  w eights o f  6 .7  x 10 (m ean o f  m olecttlar weight o f

h istones I A  and IH) and 5 .7 x  10 (Table V) respectively^  gives

a valne o f 2 .7 x  10^ w hich  is in  good  agreem ent with the value

obtained e^^periIIlentally. The scatterin g  data from  a s im ila r

solution  o f DNP V show ed ex trem e ly  w ide fluctuations in  intensity

and a re lia h le  extrapolation  cou ld  not b e  m a d e . The value for
117the re fra ctiv e  index in crem en t used  fo r  DNA was 0.194 and

88that fo r  DNP was the value o f  0 .193 rep orted  by D oty and Zubay 

M easurem ents on so lu tion s o f DNA and DNP in 1 .OM 

sod iu m  ch lorid e  a fter  heating at 1M)^C fo r  20 minutes showed that 

no s ig n ifica n t change in m o le cu la r  weight had occurred^ but a 

change in the m olecu la r  shape was indicated  by the d ifferent rad ii 

o f  gyra tion  (figu res 21,22) .  The fa ll in radius o f gyration  o f the

DNA fro m  2460 to about 1500 (average  o f  values fo r  the two
X . . . . 110,114sa m p les) in d ica tes  a con tra ction  o r  fo ld ing rqp the m olecu le

as the in tra m olecu la r  hydrogen  bonds a re  b rok en . The change

in  the r e v e r s e  d ire ct ion  o f  1400 to 2400 in the case  o f  DNP is rather

su rp ris in g  and s in ce  it is  not attended by an in crea se  in molecuh^Y'
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oĈ̂ CO 3D *'H
3 bCl-̂  *<-<0 ^̂

Q ^

300*rt



70

w eight, w hich  would o c c u r  i f  denatured p ro te in  m olecu les  

aggregated  or a ssoc ia ted  w ith DNA, it can  only be in ferred  that 

an  exten sion  o f the DNA m o le cu le  o ccu rs  on  denaturation in the 

p re se n ce  o f  p ro te in .
88The recen tly  pu b lish ed  resu lts  o i Doty and Zubay lo r

the m o lecu la r  w eight o f  u n d issocia ted  DNP a re  interesting . A

solution  of DNP IV in the sa m e solvent as used by Doty and

Zubay (O .0007M  p ota ss iu m  phosphate buffer^ gave a scattering

envelope showing a g g re g a tio n  o f  the solute^ but by follow ing

p r e c is e ly  the p roced u re  d e scr ib e d  in a p erson a l com m unication
117fro m  Zubay^ P re s to n  w as able to obtain a true solution  of 

DNP having a m olecu la r  w eight o f  about 25 x  10 com pared  with 

the value o f  19 x  10 re p o r te d  by Doty and Z u bay . The only 

d iffe ren ce  in the p roced u re  u sed  by D oty and Zubay for 

p rep a ra tion  o f the DNP solu tion  fro m  that d escr ib e d  in Chapter I 

(p * 15 )  is the in corporation  o f  ^'versene^' (d isod ium  ethylene- 

d iam ine tetra -aceta te ) in the tissu e washing solution^ and the 

s ig n ifica n ce  o f this step in  preventing aggregation  is d iscu ssed  

in  the next ch a p te r .
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(Jhapter VI. E le c tro n m icr o s c o p y

Light sca tterin g  en velopes ind icate  that in  solutions o f  

low ion ic  strength^ DNP p a r t ic le s  a re  v ery  la rg e  (p .6 8  ) and 

they m ay th ere fore  be v is ib le  under the e le c tro n  m ic ro s co p e  . 

C om parative sam ples o f  DNA. and DNP w e re  a cco rd in g ly  p rep a red  

fo r  exam in ation .

E xperim ental

The solutions o f  DNA (V ) and DNP (V ) in 0 .OOIM and 1 .OM 

sod ium  ch loride  used w e r e  th ose  on w hich ligh t scattering 

m easurem ents had been  m a d e . Sm all p ort ion s  o f  each solution  

(lO % 1.) w ere  sprayed onto p la tes and vacuum  d r ie d . The specim ens 

w ere  then  subjected to low  angle ca rb on  shadow ing.

The s lid es w ere  exam in ed  in a P h ilip s  e le ctron  m icro sco p e  

and a photograph was taken o f  the s lid e  o f  DNP in O.OOIM sodium  

ch lo r id e , under a m a gn ifica tion  o f  70 , 000, the m axim um  o f which 

the instrum ent is  capable .

P repa ra tion  and exam ination  o f  the s lid es  w as ca rr ie d  

oud IhyJDr. J .R . l ^ a j e r .

R esu lts  and D iscu ss ion

No sign ifican t p a rtic le s  w e re  v is ib le  in either o f  the DNA 

p rep a ra tion s , or in that fro m  the solution  o f  DNP in 1 .OM sodium  

ch lorid e  . The prep a ra tion  fro m  a solution  o f DNP in 0 .OOIM



F ig u re  2 3. E le c tro n  m ic ro g ra p h  o f  D N P fr o m  a so lu t io n  in O.OOIM
sod iu m  ch lo r id e  (x  70 , 000)
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sod ium  c h lo r id e ,  h o w e v e r , sh ow ed  a la r g e  Tiuroher o f  s im ila r  

s iz e d  nods and the p h o to g ra p h  re p ro d u ce d  in  fig u re  23 show s a 

p a ir  o f  su ch  p a r t ic le s  w h ich  w e r e  s e le c te d  a t ra n d om  .

The o b s e rv a t io n  o f  f ib r o u s  m a c r o m o le c u le s  w ith  the

e le c tro n  m ic r o s c o p e  r e q u ir e s  a v e ry  c le a n  s u r fa ce  and m a gn ifica tion s
118o f  100,000 o r  above a r e  d e s ir a b le  , and the fa ilu re  to d e te c t  DNA 

m ay be due in  p a r t  t o  u n even  s u r fa ce s  o f  the p re p a ra tio n s  and low  

re so lu tio n  o f  the in stru m en t*  The o b s e r v e d p a r t ic le s  o f  D N P a re , 

p re s u m a b ly , a g g reg a tes  and the d im en s ion s  o f  p a r t ic le s  illu stra ted  

were^ length 2000 m p , and w idth  200 m p , g iv ing  an a x ia l ra tio  

cf 10 t

The a g g reg a tion  o f  D N P in so lu tion s  o f  lo w  io n ic  strength  

w h ich  was su ggested  b y  the l ig h t  s ca tte r in g  data is  thus substantiated  

b y  the e le c tro n m icro g ra p h  an d  it  is  in te re s t in g  that the aggregates 

a r e  in th e  fo rm  o f  rod s  ra th e r  than sp h e re s  . T w o m e ch a n ism s  

m ay b e  p ostu la ted  fo r  the a g g re g a t io n  o f  D N P m o le c u le s  , Ion ic  

in te ra ctio n s  o f  p ro te in  s id e  ch a in s  cou ld  b e  r e s p o n s ib le  fo r  the 

p r o c e s s ,  o r ,  m o re  p ro b a b ly , c o -o r d in a t io n  o f  p r o te in  n itrog en  

a tom s w ith b iva len t m eta l io n s , su ch  a s  m a g n e s iu m , cou ld  resu lt  

in  a "b ro a d s id e  on " a g g reg a tion  re p re se n te d  s ch e m a tica lly  in  

fig u re  2 4 .  A g g reg a tion  by  su ch  a ch e la tion  p r o c e s s  a p p ea rs
88

p a r t icu la r ly  p ro b a b le  w hen the o b s e rv a t io n s  o f  D oty and Zubay 

on  the m o le c u la r  w eight o f  D N P a r e  c o n s id e r e d .  The n e ce s s a ry



F igure  24 . A represen ta tion  o f the a g g reg a tion  of DNP in the
p re se n ce  o f  initial io n s .
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ccieta.1 ions w ould  not b e  re m ov ed  b y  the w ashing p roced u re  

em ployed in p rep a rin g  the DNIP sam ples u sed  h e re , and w ould 

be available l o r  ch ela tion  with the p r o t e in . E xtra ction  of the 

tissu es with a so lu tion  containing a seq u esterin g  agent, such 

as the d isod ium  sa lt o f  ethylenediam ine te tra -a c e t ic  acid , would 

rem ove cations (o th er  than m onovalent on es) enabling a solution 

of DHP to be  obtained fr e e  from th e ions capable o f chelating with 

the p ro te in . Such a so lu tion  wouM  have little  tendency towards 

aggregation , and h ence its su itab ility  for  m o le cu la r  weight 

m easurem ents .
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C on ctu s ion

A  re a so n a b ly  r e p r o d u c ib le  p re p a ra t io n  o f  DNP wag 

ob ta in ed  fr o m  c a l f  thym us g lan ds b y  a m ild  e x tra c t io n  p ro c e d u r e  

w h ich  d id  not d is s o c ia t e  th e  c o m p le x .  S o lu tion s  o f  th is m a te r ia l  

at low  e le c t r o ly t e  c o n ce n tra t io n s  w e re  sh ow n  by  ligh t sca tterin g  

m eth od s to  be h igh ly  a g g r e g a te d  an d  this w as c o n firm e d  by  

e le c t r o n  m ic r o s c o p y ,  but the p a r t ic le s  o b s e r v e d  under the 

e le c t r o n  m ic r o s c o p e  m a y  b e  la iig e r  than th ose  in  so lu tion  due to 

fu r th e r  a g g reg a tion  du rin g  d ry in g  o f  the s l i d e .  The d is s o c ia t io n  

o f  the D N P  co m p le x  in a so lu t io n  o f  h igh  io n ic  strength  was 

d e m o n stra te d  by  io n o p h o r e s is  in  0 ,4M  s o d iu m  ch lo r id e  so lu tion , 

and b y  m ea su rem en t o f  the a v e r a g e  m o le c u la r  w e ig h t in  1 .OM 

s o d iu m  ch lo r id e  so lu t io n , w h en  a va lu e  eq u a l to  the w eight 

a v e r a g e  m o le c u la r  w e ig h t f o r  eq u a l w e ig h ts  o f  h iston e  and DNA 

w as o b ta in e d . P a p e r  io n o p h o re s is  w as a ls o  u sed  to  d em on strate  

the d is s o c ia t io n  o f  the c o m p le x  in  so lu tion s  o f low  ion ic  strength  

a t pH 13 .

T h e lo w  so lu b ility  o f D N P in  so lu t io n s  o f  low  ion ic  strength  

p r e c lu d e d  a c c u r a te  p o te n t io m e tr ic  t itr a t io n , but s o m e  h y s te re s is  

c h a r a c t e r is t i c  o f  DNA w as o b s e r v e d  although  the p re s e n ce  o f the 

p ro te in  o f  the D N P co m p le x  g re a t ly  m o d if ie d  the shape o f  the 

t it r a t io n  c u r v e  .  S p e c tro p h o to m e tr ic  t itra t io n  is  a techn ique m o re  

a p p lic a b le  t o  v e r y  d ilu te  D N A  so lu tio n s  and a s e r ie s  o f  com p a ra tiv e
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experim en ta  w ith  D N A and DNP so lu tion s  w as m a d e*  Shaek

and T h om p sett had p r e v io u s ly  sh ow n  that su ch  titra tion s  o f

DNA in the a lka lin e  r e g io n  g ive  h y s te r e s is  cu rv e s  analogous
26w ith th ose  fr o m  p o te n t io m e tr ic  t itra tion s  and p re se n t e x p e r i­

m ents sh ow ed  that s p e c tro p h o to m e tr ic  t itra tio n  o f  D N A in the 

a c id  re g io n  p ro d u ce d  a c u rv e  s im ila r  to  that obtained  in  the 

a lka line r e g io n . The ex p erim en ts  with DNP so lu tion s  show ed 

that the h y s te r e s is  o f  the sp e c tro p h o to m e tr ic  titra tion  cu rv es  

obtained  ^y Shaek and T h o m p se tt  using DNP p re p a re d  by  the 

M irsk y  and P o U is te r  p r o c e d u r e  w as in  fa c t  a p r o p e r ty  o f  the 

n ative DNP and not a r e co n s titu te d  a r t e fa c t .

F ro m  the p p e c tro p h o to m e tr ic  s tu d ie s , it w as apparent 

that DNP is  d en a tu red , b y  h eatin g  o r  b y  trea tm en t with a lk a li , 

in  a s im ila r  m anner to  D N A , P a r a l le l  ex p erim en ts  with 

so lu tion s o f DNP in O.OOlM and 1*0M sod iu m  ch lo r id e  show ed 

that denaturation  p r o c e e d e d  in  a s im ila r  w ay to that o f D N A 

w h eth er  the co m p le x  w as w h ole  o r  d is s o c ia te d *  It w as conclu ded  

fu rth er  fr o m  the sp e ctro p h o to m e tr ic  stu d ies  that at high ion ic  

stren gth  (l.O M  sod iu m  c h lo r id e )  th e re  w a s  s o m e  r e s t r ic t io n  on the 

d e fo rm a tio n  o f  the DNA h e lix ,  ( i  -e . a p a r t ia l  p ro te c t io n  aga in st 

denatu ration ) in  both DNP and DNA i t s e l f ,  under conditions w here 

the in tra m o le cu la r  h yd rogen  bonds w ere  b r o k e n . The u ltra v io le t 

a b s o rp t io n  b eh a v iou r o f  D N P w a s , in fa c t ,  a lm o s t  that o f  DNA 

and it a p p e a rs  fr o m  an exp erim en t w ith m ix tu res  o f  h iston e  and
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DNA that th e  s lig h tly  h ig h e r  f  p  va lu e o t  fr e s h  DNP p rep a ra tion s  

o v e r  that o f  D N A  is  a r e s u lt  o f  D N A -h iston e  in te ra ct io n  rather 

than an in tegra tion  o f  th e ir  in d iv idu a l a b s o rp t iv it ie s  .

T w o m a in  c o n c lu s io n s  a r is e  fr o m  the ex p erim en ts  d i s ­

cu ssed  in th ese  p a g e s  . T h e p r e s e n c e  o f the p ro te in  o f the DNP 

com p lex  can  re su lt  in  a h igh  d e g re e  of a g g re g a tio n  in  so lu tion s 

o f  low  io n ic  s tren g th , a lth ou gh  it has re ce n t ly  b een  show n by Doty

and Zubay that a n o n -a g g re g a te d  so lu tion  of DNP can  be  obtained
88if a s p e c ia l w ashing p r o c e d u r e  is  adopted  . A s  a re su lt  o f  

D N A -p ro te in  c o m p le x  fo r m a t io n , denaturation  o f DNP by  heating 

is  s ligh tly  s lo w e r  than that o f  D N A , o th erw ise  th ere  appears to 

be  little  m o d ifica tio n  o f  the D N A  p rop ertie s  .

T h e fea tu res  o f  D N A  so lu tion s consequent upon its unique 

h e lic a l  s tru ctu re  a r e  a ls o  exh ib ited  by DNP solu tion s . It is 

ih e r e fo re  to  be con clu d ed  that D N A  reta in s  its  unique h e lica l  

con fig u ra tion  w ithin  the c o m p le x ,  a s  one w ou ld  a n tic ip a te , and 

a s  is su ggested  b y  the X - r a y  d iffra c t io n  p a ttern s o f  f is h -s p e r m  

DNR^^.
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THE R E A C TIO N  O F M ANNOSE W ITH  GLUCOSAM IN E HYDROCHLORIDE
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Ii^tr o du-ctioYi

N itro g e n -co n ta in in g  d isa cch a r id e s  h ave  b een  syn th esised

e n zy m ica lly  b y  o ,-g a la c to s y l tra n s fe r  to  2 -a c e t a m id o -2 -d e o x y -D -

g ln co se  (N -a c e t y l-D -g h ic o s a m in e )  and 2 -a c e ta m id o -2 -d e o x y -D -

g a la c to se  ^ -a c e t y l -D -g a la c t o s a m in e )  n sin g  an  e x tra c t  o f a n to -
119ly s e d  T r ich o m o n a s  foe tu s  o rg a n ism s  . A  num ber o f  g a la ctos id es  

o f  N -a c e ty l-g lu c o s a m in e  h as a ls o  b een  obta ined  by the incubation

o f extracts  o f L a c to b a c illu s  b ifid u s  v a r*  pennsylvan icus^^^^
121 122 E s c h e r is ch ia  c o l i   ̂ and  s e v e r a l  a n im a l t is s u e s  w ith  la c to s e

and N -a c e ty l-g lu c o s a m in e  . In  the c o u r s e  o f  a n  a ttem pt to

d e m o n stra td th e  tr a n s g ly c o s y la t io n  o f  D -m a n n o se  to 2 -a m in o -2 -

d e o x y -p -g lu c o s e  h y d r o ch lo r id e  (g lu co sa m in e  hydroch loride]^  an

in terestin g  re a ctio n  betw een  th ese  tw o  su g a rs  was o b s e r v e d .

The p rod u ction  o f  a d is a c c h a r id e  contain ing g lu cosam in e

cou ld  b e  fo llow ed  ion op h oretica lly^  f o r  in  a ceta te  b u ffe r  at pH  5

g lu co sa m in e  i t s e l f  w ou ld  m ig ra te  tow ards the anode at about

tw ice  the sp e e d  o f its  d isa cch a r id e^  thus e ffe c t in g  a rapid

S eparation  . W hen such  e x p e r im e n ts  w e r e  c o m m e n ce d  and

so lu t io n s  w e re  spotted  onto a s tr ip  o f  p a p e r  and d r ied  w ith  a

s t r e a m  o f  hot a ir  fr o m  an e le c t r i c  h a ir  d r ie r  in the cu stom a ry

m anner^ a c o n t r o l  o f  P -m a n n o s e  and D -g lu co s a m in e  h y d roch lorid e

so lu tion s  w as found to  p ro d u ce  a sp ot on the ion op h oretogra m
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attributable to  a d is a c c h a r id e  .  It w as so o n  e s ta b lish e d  that the 

com pound r e s p o n s ib le  f o r  Ih is sp o t a r o s e  e n t ire ly  fr o m  heating 

th is m ix tu re  on the p a p e r ,  and that both an am in o group  and a 

redu cin g  (a ld o s e ) g rou p  w e r e  n e c e s s a r y  fo r  the fo rm a tio n  o f the 

com poun d  .

S im ila r  com p ou n d s m a y  quite p o s s ib ly  a r is e  as a r te fa cts

in the ch ro m a to g ra p h ic  a n a ly s is  o f the h y d ro ly sa te s  o f  m any

n atural p ro d u c ts , p a r t ic u la r ly  p o ly s a c c h a r id e s , u n less  heating

o n  the p a p er  is  a v o id e d , and the r e a c t io n  a p p ea rs  to  be s im ila r

to  the conden sation  on  p a p e r  o f  g lu c o s e  and am m onia  w h ich  was

o b s e rv e d  by  B ay ly  in  th e  ch ro m a to g ra p h ic  a n a ly s is  o f  u rin e
123,124s a m p le s  fr o m  d ia b e tics  . In v estig a tion  o f this r e a c t io n  o f

m a n n ose  w ith g lu cosa m in e  h y d r o c h lo r id e  w a s  undertaken  and it

w a s  soon  apparent that an  u n stab le  com poun d  re m in is ce n t o f  the
125g ly c o s y la m in e s  p rod u ced  fr o m  a lip h a tic  am in es w as fo rm e d  

by a con d en sa tion  p r o c e s s  .

T he con d en sation  o f  red u cin g  su g a rs  w ith  am in es h as been
12dknow n f o r  a lm o s t  a cen tu ry  and although tw o is o m e r ic  p rod u cts

w e re  is o la te d  fr o m  the re a c t io n  o f D -g lu c o s e  w ith  p -p h en etid in e  
127in 1925 ,  it is  on ly  in  r e la t iv e ly  r e ce n t  y e a r s  that the com p lex ity

o f  re a c t io n s  betw een  redu cin g  su g a rs  and a m in es has b een  ftilly 

a p p r e c ia te d . R ea ction s  analogous w ith  the con den sation  o f  

a ldeh ydes w ith am in es have b een  d em on stra ted  betw een  redu cin g  

su g a rs  and p r im a ry  and s e co n d a ry  a r o m a t ic  and a liph atic  a m in es .
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h y d ra z in es , h yd roxy la m in e^  u re a , gu an id in e , and am in o  a c id s ,  

p e p tid e s , and p ro te in s  . In it ia lly , con d en sa tion  o c c u r s  to  fo r m  

a g ly co s y la m in e , but th is  m a y  be fo llo w e d  b y  a seq u en ce  o f  r e ­

arran gem en ts and  d e g ra d a tio n  re a c tio n s  le a d in g , even tu ally , 

to  the p ro d u ct io n  o f  c o m p le x  b ro w n  p o ly m e rs  .

T he f i r s t  sy n th e tic  com p ou n d s w e re  obta ined  as g la s s - l ik e  

produ cts b y  S ch iff  on  h eatin g  d ry  g lu c o s e  w ith  an ilin e  o r  p -

to lu id in e , but S o ro k in  is o la te d  c ry s ta llin e  d e r iv a t iv e s  by  ca rry in g
128out the re a c t io n  in  a lc o h o l ic  s o lu t io n  . N um erous m od ifica tion s

of th is s im p le  r e a c t io n  h a v e  p e rm itte d  p ro d u c ts  to  b e  obtained  fro m

m any d iffe re n t a ld o s e s  and  a la r g e  n u m ber o f  a r o m a tic  am in es o f
129va ry in g  b a s ic ity  . P r e p a r a t io n  o f  the co rre sp o n d in g  d er iv a tiv es

o f  k e toses  h a s , h o w e v e r , p r o v e d  to b e  v e ry  d iff icu lt  and on ly  a

few  have b een  obta in ed , and th ese  in  p o o r  y ie ld s  . The b est

p re p a ra t iv e  m ethods f o r  k e to s e  d e r iv a t iv e s  ap p ea r to  b e  th ose
130d e s c r ib e d  by  B a rry  and H on eym an  in w h ich  the am in e  and

k e to s e  a r e  heated  in  anhydrous ethanol in  the p r e s e n c e  o f  ca ta ly tic

quantities o f  the am ine h y d r o ch lo r id e  .  T he p r e s e n c e  o f  a n  am ine

h y d r o ch lo r id e  ca ta ly st is a ls o  em p loy ed  in  the p re p a ra tio n  o f

a lk y lam in e  d er iv a tiv es  o f  g lu c o s e  w hen  the tw o reactan ts  a re
125h ea ted  to g e th e r  . In  co n tra s t  w ith th e ir  a ro m a tic  a n a log u es , 

a liph a tic  a m in es  appear to co n d e n se  m o r e  re a d ily  w ith  k e to se s

than w ith  aldoeses 131
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The in it ia l p ro d u c ts  I r o m ih e  con d en sa tion  o f reducing

s t^ a r s  w ith a m in o  com p ou n d s a re  b e s t  r e g a rd e d  as a r is in g  fr o m

the c y c l i c  h e m i-a c e ta l  fo r m  o f  the su gar ra th er than its aldehyde

fo rm  , It is  then re a d ily  apparen t that the p rod u ct w ill  be a

g ly c o s y l  d e r iv a t iv e  an d  n ot a S cM ff b a se  .  A lthough  a num ber o f

nam es has b e e n  a p p lie d  to  th e se  con d en sa tion  produ cts^  on ly  two
129m a y  b e  u sed  on a s y s te m a t ic  oa s is   ̂ T he con d en sa tion  c o m ­

pound fu rn ish ed  b y  g lu c o s e  and  am m on ia  is c a lle d  g lu cosy lam ine^  

f o r  i t  m ay be re g a rd e d  as am m on ia  w ith  one o f its h ydrogen s 

re p la ce d  b y  the g lu c o s y l  r a d ic a l ,  and the p ro d u cts  d e r iv e d  from  

s im p le  am in es a re  r e g a rd e d  as d e r iv a t iv e s  o f  such  g ly cosy la m in es  . 

The d e r iv a tiv e  fr o m  g lu c o s e  and a n ilin e  w ou ld  thus be N -phenyl 

g lu co sy la m in e , but w h e re  it is  m o r e  con ven ien t the com pound m ay 

b e  n a m ed  as the g ly c o s y l  d e r iv a t iv e  o f  the a m in e , w hich  in  this 

c a s e  w ou ld  be N -g lu c o s y la n il in e . T he te r m  '^ g lycosy lam in e" is 

u se d  a s  a g en era l n a m e f o r  comp^ounds d e r iv e d  by con d en sation  o f  

red u cin g  su gars w ith a m in es  (and h en ce  w e m a y  have a id esy la m in es 

and k e tosy la m in es ) and ^^glucosylam ine" r e fe r s  to the d eriva tive  

o f  g lu co s e  and am m onia .

C ondensation  betw een  the im in o  grou p  o f  g lu cosy la m in e

and a s e c o n d  m o le cu le  o f g lu c o s e  to fo r m  d ig lu cosy la m in e  has
124b een  d e m on stra ted  * S jo lle m a  ob ta in ed  th is com pound in  a

c r y s ta ll in e  fo rm  fro m  g lu co sy la m in e  on  b o ilin g  in  m ethanol fo r
132s e v e r a l  h ou rs  , and it w as a ls o  en cou n tered  as a by p rod u ct
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frotn  the d e a ce ty la t io n  o i  g lu c o s e  p en taa cetate  w ith am m on ia  in
133ether . The r e a c t io n  o f  g lu c o s e  w ith  am m on ia  i s ,  h o w e v e r ,

p a rticu la r ly  c o m p le x , fo r  no fe w e r  than fifteen  com pon en ts have

been  ch ro m a to g ra p h ica lly  sep a ra ted  fr o m  an  aqueous re a c tio n
134m ixtu re  ,  but a com p ou n d  an a logou s w ith  d ig lu cosy la m in e  has

been  iso la te d  fr o m  the r e a c t io n  o f an iline w ith an e x c e s s  o f  P -
135p h en y lg ly cera ld eh yd e  . In c o m p a r is o n  w ith  the fo rm a tion  o f

d ig ly co s y la m in e s , con d en sa tion  p rod u cts  have b een  obtained fro m
125the re a c t io n s  o f  g lu c o s e  w ith  cy c lo h e x y la m in e  and fru c to se  w ith

131octa d ecy la m in e  w h ich  con ta in  tw o  m o le c u le s  o f  the am in e to

one o f the su g a r , and s im ila r  com poun ds have b een  r p o r t e d  fr o m

the re a c tio n  o f  a ldehydo su g a rs  w ith p r im a r y  a ro m a tic  am in es
136w h ere  g ly cosy la m in e  fo rm a t io n  is  im p o s s ib le

A lthough g ly co s y la m in e s  o f  a ro m a tic  am in es a re  rea d ily

c r y s ta l l is e d  fro m  a lco h o l s o lu t io n s , and indeed  a re  w id e ly  used in
129 137the ch a ra c te r isa t io n  o f  su ga rs  * , they can  u ndergo a r e ­

a rra n g em en t ( l o c .  c it* ) and a re  unstable in  aqueous sy stem s even
138a t n o rm a l tem p era tu res  . The g ly c o s y  Ia m in es  o f  a liphatic

a m in es a r e  ra p id ly  h y d ro ly se d  to the o r ig in a l reactan ts in aqueous

s o l u t i o n s a n d ,  s in ce  th ese  so lu tion s  a re  b a s ic , alkaline
141

d eg ra d a tion  o f  th e  su gar u su a lly  a c co m p a n ie s  the h y d ro ly s is

In h is  w o rk  on  the con d en sa tion  o f  g lu c o s e  w ith  p -p h en etid in e , 

p -a n is id in e , and p -to lu id in e , A m a d o r i obta ined  tw o stru ctu ra lly
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d iffe ren t is o m e r s  w h ich  w e r e  not a n o m e rs  , One of th ese  w as

m uch  m o re  la b ile  than the other^ p a r t icu la r ly  tow a rd s a c id

h ydro lysis^  an d  th is h e  r e g a rd e d  as a g lycosy lam in e^  but h e

w rongly  a ttribu ted  a S c h if f -b a s e  s tru ctu re  to its is o m e r   ̂ Kuhn 
14Zand D ansi p ro v e d  that the m o r e  la b ile  is o m e r  w as in  fa ct the

N -su bstitu ted  g ly co s y la m in e  and show ed that the sta b le  is o m e r

w as a m o le c u la r  r e a r ra n g e m e n t  p ro d u ct , but in c o r r e c t ly  a ssign ed

to  it a b ra n ch e d -ch a in  s tr u c tu r e  t F r o m  stu d ies  o f  the com pounds

obtained on h y d rog en a tion , the re a rra n g e m e n t p rod u cts  w e re  shown
143by Kuhn and W eygand to  b e  l -a m in o - l -d e o x y -2 -k e t o s e s ,  and

they nam ed the re a rra n g e m e n t a fte r  A m a d or i^  The rea rra n gem en t

w as f i r s t  o b s e rv e d  when the g ly co s y la m in e  w as h ea ted , but an
144in c re a s e d  y ie ld  w as obta in ed  in  the p r e s e n c e  o f  a c id  ca ta lysts  ,

and the in tra m olecu la r  change has now b een  a cco m p lish e d  in a
145n um ber o f  w ays . The b e s t  o f  th ese  a p p ea rs  to be the m ethod

146u sed  by H odge and R is t  o f  heating the g ly co sy la m in e  m a lco h o lic  

so lu tion  in  the p re se n ce  o f  a r e la t iv e ly  la r g e  quantity o f  a com pound 

con tam in g  an  activated  m eth y len e  group  (m a lo n ic  a c id  is a good 

ex a m p le ) and a  ca ta ly tic  quantity o f  a s e co n d a ry  a m in e   ̂ A t f ir s t ,  

the rea rra n g em en t was thought to b e  p e c u lia r  to  the d eriva tives  

o f  a r o m a tic  a m in e s , but, using the p r o c e d u r e  d ev ised  by Hodge 

and R is t ,  the N -su bstitu ted  l -a m in o - l -d e o x y -2 -k e t o s e  w as obtained 

fr o m  the g ly co sy la m in e s  o f  a i l  c la s s e s  o f  am in es .
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E x p erim en t sh ow s that the A m a d o r i rea rra n gem en t is

ca ta ly sed  by a c id s  and a n u m ber o f  deta iled  m ech an ism s has been
145 147p ro p o se d  . One o f  these^ su ggested  b y  I s b e ll  , is  rep resen ted

by the sequ en ce  o f  changes illu s tra te d  in fig u re  25 . The n itrogen

atom  of the N -su b stitu ted  a ld osy la m in e  a cce p ts  a p roton  fro m  an,

acid  cata lyst to fo r m  an  am m -onium  ion  w hich  is  p resu m ed  to be

in  equ ilibrium  w ith the ca t io n  o f  the S ch iff b a se  .  M ovem ent o f  the

double bond is  then  exp la in ed  on  a b a s is  o f  e le c t r o n  flow  tow ards

the p o s it iv e  n itrog en  atom ^ m ahing tra n s ien tly  p os it iv e   ̂ The

consequen t e le c tro n  flow  f r o m  w eakens the C -H  bondon^C^

perm ittin g  the e x p u ls io n  o f  th e  h y d rog en  a tom  fr o m  a p roton

to leave the enol fo r m  o f the k e tose  . T a u to m e ric  sh ift to  the keto

fo rm  w ould be  fa vou red  by  its  ten dency  to fo rm  one o f the m ore
the

sta b le  ring s y s te m s . T he e s s e n t ia l  fe a tu re s  a re /p re se n n e  of the

p ro to n  as a ca ta lyst and the 1-2  en o lisa tion  w hich  o c cu rs  as the

p ro to n  is d is ch a rg e d . That 2 -d e o x y  and 2 -su b stitu ted  a ld oses  do
146 148 149not undergo the rea rra n gem en t  ̂  ̂ m a y  be  taken  as ev idence

fo r  the 1-2 enoR sation  stage o f the p r o c e s s  .

D eriv a tiv es  of am ino a c id s  p re p a re d  b y  re flu x in g  a
150m eth a n o lic  so lu tion  of g lu co se  and the a m in o  a c id  , o r  by

heating a syrup  o f  the reactan ts and sep aratin g  the p rod u cts  by
151ion -ex ch a n g e  ch rom atograph y   ̂ w e re  found to  have s im ila r  

p ro p e r t ie s  to com pounds obta in ed  fr o m  the sam e starting  m a teria ls  

by  m ethod  o f  H odge and R is t  ( lo c  . c i t . )  w hich  furn ishes the A m ad ori
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rearra n getn en t p r o d u c t .  U n in te re s t in g  r e a c t io n  involv ing  a 

re p e t it io n  o f  the re a rra n g e m e n t p r o c e s s  has re ce n tly  b een  

rep orted  in w h ich  a n  e x c e s s  o f  g lu co se  is  h eated  as a p a ste  w ith  

g ly c in e  to  g iv e  a d ifr u c to s e  d e r iv a t iv e  in stead  o f a d ig ly cosy la m in e  

P r o o f  o f  the s tru c tu re  o f  A m a d o r i re a rra n g e m e n t p rod u cts  

fr o m  g lu co se  and a r o m a t ic  a m in es  w as obtained  by  studying the 

p rod u cts  obta in ed  on  h y d ro g e n a tio n  ( l o c .  c i t .) ,  but the r e a r r a n g e ­

m ent p ro d u ct m ay b e  r e a d ily  d istin gu ish ed  fr o m  its is o m e r ic

g ly co sy la m in e  b y  the a p p lica t io n  o f  a n u m ber o f  co lo u r  te s ts , and
148b y  exam ination  o f  the p ro d u c ts  o f  h y d ro ly s is  . H y d ro ly s is  o f 

g ly co sy la m in e s  by  w a te r  o r  h o t , d ilu te  a c id s  y ie ld s  the c o r r e s ­

pond ing  am in e  and red u cin g  su ga r . S im ila r  treatm en t o f the 

A m a d o r i rea rra n g em en t com p ou n d  does n ot, h o w e v e r , p rod u ce  

fru c to s e  and the a m in e . U su a lly , the h y d ro ly s is  p rod u cts  o f these 

com p ou n d s c o m p r is e  the a m in e , a fu r fu ra l d e r iv a t iv e , m uch  

in s o lu b le , brow n  m a te r ia l ,  and a v e r y  sm a ll quantity o f the

o r ig in a l a ld o s e .  The fo rm a tio n  o f fu r fu ra l d e r iv a tiv e s  fr o m
153k e to s e s  on  heating is  w e ll  know n and o c c u r s  by  d eh y d ra tion .

D e co m p o s it io n  of the A m a d o r i rea rra n g em en t com pounds 

w ith the d eve lop m en t o f  b row n  co lo u rs  and in so lu b le , brow n , 

p o ly m e r ic  m a te r ia l,  w h ich  o c c u r s  on  h y d r o ly s is ,  can a lso  o ccu r  

sp on tan eou sly  and the im p orta n ce  o f  the A m a d o r i rearra n gem en t 

in  the b row n in g  r e a c tio n  o f ca rb o n y l-a m in o  sy stem s has been

15 Z
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e!30phaaised in  a c o m p re h e n s iv e  re v ie w  b y  H odge . C on v ers ion  

o f  the 1 -a m in o - l -d e o x y - 2 -k e to s e s  to  the b row n  p o ly m e rs  is  a h igh ly  

in volved  p r o c e s s  w h ich  o r ig in a te s  w ith  d eh y d ra tion  and , o r  f is s io n  

o f  the su gar ch a in  w h ils t  in  com b in a tion  w ith  the am ine  ̂ T h e 

dehydration  m ay p r o d u c e  e ith e r  fu r fu ra ls  o r  red u cton es  depending 

on the con d ition s obta in in g  , W hen so lu tion s o f  the A m a d o r i 

com pounds in  aqueous a c id  a r e  heated^) 5 -h y d ro x y m e th y l-2 -  

fu rfu ra l (H M F) is  ob ta in ed  fr o m  h e x o se  d e r iv a t iv e s , and fu r fu ra l 

fr o m  p entose  d e r iv a t iv e s , an d  the d eh yd ra tion  is b e lie v e d  to 

o c cu r  w h ils t the su ga r is  in  com b in a tion  w ith  the am in e . The 

S ch iff  b a se  of the fu r fu ra l is th e re b y  fo rm e d  and h y d ro ly s is  

y ie ld s  the aldehyde and a m in e , and h en ce  the k e to se  as &uch can 

n e v e r  be  r e c o v e r e d  b y  h y d r o ly s is  o f  an  A m a d o r i rea rra n g em en t 

c om p ou n d .

The fo rm a tio n  o f  fu r fu r a l  d e r iv a t iv e s  re q u ire s  the rem ova l 

o f  th ree  m o le cu le s  o f  w a te r , but d eh y d ra tion  to  red u cton es  can  

o c c u r  b y  the lo s s  o f  two m o le c u le s  o f  w a ter  . A  c ry s ta llin e  reductone 

w as obta in ed  when g lu co se  w a s  heated  w ith  an  e x c e s s  o f  p ip er id in e  

in  the p r e s e n c e  o f  m a lon ic  a c id  at 80^C and the sa m e  com pound  was 

ob ta in ed  b y  heating  N -g a la c to s y l  p ip e r id in e  o r  1 -d e o x y - l -N -  

p ip e r id in o - fr u c to s e  in the d ry  s ta te , o r  on  long standing o f  the 

la tte r  com p ou n d  at r o o m  te m p e ra tu re  * analogous com pound 

w as ob ta in ed  f r o m  the N -g lu c o s y l  d e r iv a t iv e  o f  m on oethanolam ine

148
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by spontaneona d eh y d ra tion  in  a i r  ^

B oth  the fu r fu ra la  and red u cton es  r e a d ily  b e c o m e  d i s ­

co lo u re d  an d  the b row n in g  o i  th e ir  so lu tion s  is  g re a t ly  a c c e le r a te d
140 148b y  the p r e s e n c e  o f  a m in o  corc^ounds  ̂ . S in ce  the s tru ctu re  o i

the red u cton es  t e r m e d  by  su g a r  d eh yd ra tion  is  not known^ m o st

stu d ies ot m o d e l r e a c t io n s  h a v e  b e e n  m a d e  w ith  a s c o r b ic  a c id ,

and the d e h y d r o -re d u c to n e  a p p e a rs  to  be an e sse n tia l p r e c u r s o r
148to  die d ev e lop m en t o f  b r o w n  c o lo u r s  . T hat both  fu r fu ra l (o r  HM F) 

and red u cton es  sh ou ld  a r is e  f r o m  d eh y d ra tion  o f  the su ga r and 

exh ib it s im ila r  te n d e n c ie s  to w a rd s  c o lo u r  d ev e lop m en t is  le s s  s u r ­

p r is in g  than m ay in it ia lly  a p p e a r , f o r  h ie  re d u cto n e s  m a y  p o s s e s s  

a s tru ctu re  s im ila r  to  that o f  fu r fu ra l w ithou t r in g  c lo s u r e  . 

H y d ro ly tic  c lea va g e  o f H M F  co u ld  fu rn ish  a con ju gated  d ie n e -d io i

a n a logou s w ith  on ,^ -dihydroxy m u co n ic  a c id  w h ich  has b e e n  show n
148 154by p o la ro g ra p h ic  m ethods to p o s s e s s  re d u cto n e  p r o p e r t ie s  ^

It is  q u ite  p o s s ib le  that open  ch a in  d ie n e -d io I s  o f  th is  s o r t  m a y  be  

in te rm  ed ia tes  in  the fo rm a t io n  o f  H M F  and fu r fu r a l .

T h e  p rod u cts  o f  d eh y d ra tion  a r e  b y  n o  m eans the only 

p r e c u r s o r s  to  co lo u r  fo rm a t io n  and the even tu a l p ro d u ct io n  o f  

in s o lu b le , b row n , p o ly m e r ic  m a te r ia ls  w h ich  a r e  o ften  r e fe r r e d  to 

a s  m e la n o id in s  . F is s io n  o f  the m a in  su g a r  ch a in  m a y  a ccom p a n y  

the r e a c t io n s  a lre a d y  d e s c r ib e d , f o r  in  a d d ition  to  the w e ll know n 

fra g m en ta tion  o f  su gars in  a lk a lin e  so lu t io n , the degradation  o f  

redu cin g  s u g a rs  in  n eu tra l and in  s lig h tly  a c id  so lu tion s w ith the
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fo rm a t io n  o f  a c e t o l ,  p y ru v a ld e h y d e , p y r u v ic  acid^ and d ia ce ty l
155h as b e e n  r e p o r te d  . In a lk a lin e  solu tions^  th e se  and m any

m o r e  d e g ra d a tio n  p rod u cts^  inclu d in g  a -p  u n sa tu ra ted  a ldehydes
148and re d u cto n e s , h ave  b e e n  is o la te d  , and the sep a ra tion  of

p y ra z in e s  and im id a z o le s  f r o m  the re a c t io n  o f  g lu c o s e  w ith
134am m on ia  fu rn ish e s  a d d itio n a l e v id e n ce  o f  sp littin g  o f  the 

c a r b o n  c h a in . D e a ld o lis a t io n  ( i . e .  r e v e r s e  o f the a ld o l condensatioii) 

is  d ie a c c e p te d  m echaniSTn f o r  su g a r  fra g m e n ta tio n  and the p r o c e s s  

shou ld  th e r e fo r e  be c a ta ly s e d  b y  a m in es  and th e ir  sa lts . Such an 

e f fe c t  h a s  b e e n  d e m o n s tr a te d  in  the c a ta ly s is  o f  the d e a ld o lisa tio n  

o f  d ia ce to n e  a lc o h o l  b y  a m in e s ,  but n o t  b y  g e n e ra l b a se  ca ta ly sts  

( r e f .  148^ p .  935^, and s in c e  a m in e s  a re  l ib e r a te d  fr o m  e ith er  the 

g ly c o s y la m in e  o r  its  r e a r r a n g e d  form ^  th e ir  p o te n tia l in p rom otin g  

both  su g a r  f is s io n  and a ld o l  co n d e n sa tio n  o f  the p ro d u cts  m u st be  

c o n s id e r e d  as an in te g ra l p a r t  o f  th e  b row n in g  p r o c e s s  .

P a r t ic u la r ly  in  a m in o  a c id  s y s t e m s , the S tre c k e r  

d e g ra d a tio n  is  a n oth er  s id e  r e a c t io n  w h ich  m a y  b e  im portan t in  

p o ly m e r  fo r m a t io n . T h is  d eg ra d a tion  o f  an u -a m in o  a c id  to  a 

d ea m in a ted  a ldehyde con ta in in g  on e  c a r b o n  a tom  le s s  than the 

o r ig in a l a m in o  a c id  cou ld  b e  the m e a n s  o f  a  tra n sa m in a tion  

in c o rp o r a t in g  n itro g e n  in to  the m e la n o id in s , and w ould  be  in itiated  

b y  r e d u cto n e s  fo r m e d  by  d e h y d ra tio n  o r  as f is s io n  p rod u cts  .

No v is ib le  changes in  s o lu t io n s  r e s u lt  f r o m  th ese



Figure 26. The brow ning rea ction  sch em e o f  Hodge. 148
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prelim in ary  r e a c t io n s , but they a re  accom p an ied  by the developm ent 

of strong a b sorp tion  in  the u lt r a v io le t . In the la te r  stages of the 

browning p r o c e s s  the v a r io u s  in term ed ia tes  p o ly m e r is e  to fo rm  

unsaturated, f lu o r e s ce n t , c o lo u r e d  com pounds w hich lead  eventually 

to the m e la n o id in s . T h e fin a l p o ly m e r isa t io n  p r o c e s s e s  a re  be lieved  

to be e ffected  m ain ly  through  a ld o l condensations and a ldehyde-am ine 

p o ly m erisa tion s , although the form a tion  o f re a ctiv e  h e te ro cy cR c  

n itrogen  com pounds m ay a ls o  b e  im p orta n t.

T h e v a riou s sta g es  ou tlin ed  fo r  the brow ning p ro c e s s  in 

reducing su g a r-a m in e  sy s te m s  have a ll been  p ro v e d  to lead  to 

m elanoidin  form ation  in  a p p rop r ia te  m od el system s and H odge has 

integrated them  into a sch em e  w h ich  shows how the variou s

p o ss ib ilit ie s  m ay be com b in ed  in the p rod u ction  o f the fin a l insoluble
148p o ly m e rs  . This is re p ro d u ce d  in  figu re  26 and it emphasisesL the 

com p lex  c o r o l la r ie s  devo lv in g  upon the sim p le  condensation  o f reducing 

su gars w ith am ines . It m ay  be m entioned that in addition  to  ca rb on y l- 

am ino s y s te m s , brow ning by ca ra m e lisa tio n  and oxidative p ro c e s s e s  

(both en zym ic and n on -en zy m ic ) a re  a lso  im portan t in  the d ev e lop ­

m ent of m elan oid in s in  n on -am in o system s, and that m any of the 

la te r  stages postu lated  fo r  th ese  p r o c e s s e s  a re  analogous with those 

in  the ca rb o n y l-a m in o  group of rea ction s  .

It is d ifficu lt to  evaluate adequately the im portance of 

ca rb on y l-a m in e  condensations in n e u r a l  p r o c e s s e s  . The browning 

reaction  is on ly  one o f m any co m p le x  sequences initiated by this
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sh n p le  con d en sa tion  m ech an ism ^  but i f  a ffo r d s  an e x ce lle n t  

exam ple  o f  the fa r -r e a c h in g  co n se q u e n ce s  o f a s in g le  in it ia l  

r e a c t io n  an d  illu s tra te s  h o w  a s e r ie s  o f  s im p le  addition^ r e ­

arrangem ent^  and d e h y d ra tio n  p r o c e s s e s  m a y  p ro v id e  the b a s is  

o f  the fo rm a t io n  o f  a n  a lm o s t  l im it le s s  ran ge o f m a te r ia ls  . The 

p re c e d in g  p a g es  h a v e  in d ica te d  the im p orta n ce  o f the r e a c t io n  o f 

ca rb o n y l fu n ction s  w ith  a m in e s  in  the p ro d u ct io n  o f  natu ra l 

fla vou rin g  and c o lo u r in g  m a tte rs  (s e e  a ls o  r e fs   ̂ 145 and 148);

the im p o rta n ce  o f  the A m a d o r i  re a rra n g e m e n t in the b iosy n th esis
156o f  tryptophan  has b e e n  p o in te d  out by H a n le y -M a so n  ; the

con d en sa tion  o f su g a rs  w ith  n itrog en ou s  b a se s  h as le d  to the
157 ^58

sy n th esis  o f  n u c le o tid e s  and of r ib o fla v in  , and the a cy la tion

o f  g lu c o s a m in e - l :3 :4 :6 -te t r a a c e ta te  w ith c a r b o b e n z o x y  g ly c y l  and

a la n y l c h lo r id e s  fo llo w e d  b y  d e a ce ty la t io n  to  fo r m  N -g ly c y l -  and
159N -a la n y l-g lu co s a m in e  has su g g e s te d  a m e a n s  fo r  the in corp ora tion  

o r  c o n v e r s io n  o f ca rb o h y d ra te s  into p ep tid es  and p rote in s^ ^ ^ .

T h e r e a c t io n  o f m a n n ose  w ith g lu co sa m in e  h y d ro ch lo r id e  is 

a p a r t ic u la r ly  in terestin g  c a s e  in  this im p orta n t grou p  o f c o n ­

d en sa tion s  b eca u se  it  is e & c te d  in a n eu tra l m edium ^ ra th er  than 

the b a s ic  m ed iu m  n o rm a lly  p r e v a il in g  w h en  con d en sation s o c cu r  

b e tw een  a su g a r  and the fr e e  am ine . F u r th e rm o re  the am ine used  

h e re  is  i t s e l f  a redu cin g  su gar and the p o s s ib i l i t y  o f  its g ly c o s id ic  

group  b e in g  in v o lv ed  in  a con d en sa tion  to  f o r m  a d is a cch a r id e  should
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not b e  ov erlook ed ^  pa^rticularly under con d ition s  w h ere  m o le cu la r  

m ovem en t m ay b e  s e v e r e ly  r e s t r ic t e d .  The fo rm a tio n  o f anhydro 

sugars cou ld  w e ll  p r e c e d e  the j^ o d u c t io n  o f  g ly c o s id ic a l ly  linked 

su g a rs , fo r  the ch e m ic a l sy n th esis  o f  d i -  and o lig o s a cch a r id e s  

has bean  a c c o m p lis h e d  usijag 1-2  anhydro su g a rs  . Tw o types o f  

p rod u ct m igh t thus b e  a n tic ip a te d  fr o m  the reaction^  though the 

p ro d u ct o f  a con d en sa tion  betw een  the redu cin g  g rou p  o f  m ann ose 

and the am ino grou p  o f  g lu co s a m in e  m a y  be but the starting  poin t 

fo r  an oth er s e r ie s  o f  r e a c t io n s  and a m u ltip lic ity  o f  p rod u cts  .

In vestiga tion s o f  the con d ition s  under w h ich  the su gars 

reactj^ the g en era lity  o r  s c o p e  and exten t o f  the reaction^  and 

attem pts at the is o la t io n  o f the r e a c t io n  p ro d u cts  and ob serv a tion s  

on  th e ir  p ro p e r t ie s  and s tr u c tu r e  a re  d e s c r ib e d  in  the follow ing 

p a g e s .
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D iscn ss itm

The P ro d u c t io n  and P r o p e r t ie s  o f  C om pound  A

T he new  b a s ic  com p on en t d e te c te d  on  ionophoiretogram s 

o f p -m a n n o s e  and D -g lu c o s a m in e  h y d y o ch lo r id e  m ix tu res  cou ld  

be a con seq u en ce  o f  h eatin g  th ese  tw o su g a rs  tog e th er  on p a p e r , 

o r  it cou ld  re su lt  fr o m  g lu co sa m in e  h y d ro ch lo r id e  itse lf^  It 

was re a d ily  d em on stra ted  that die com p on en t, w hich  was 

designated  '^com pound A " ,  w as on ly  p ro d u ce d  when m annose 

and g lu cosa m in e  h y d r o ch lo r id e  w e r e  h ea ted  togeth er  on the p a p e r . 

Com pound A  was not fo r m e d  w hen  either su g a r  was heated 

sep a ra te ly , o r  w hen a m ix tu re  o f  m a n n ose  and g lu cosa m in e  h y d ro ­

ch lo r id e  w as d r ie d  on  the p a p e r  without the a p p lica tion  o f  heat 

(E x p t . 2 , p .  138 } .

The p r e s e n c e  o f  com p ou n d  A  w as f i r s t  o b s e rv e d  after 

spraying  with n in hydrin , w h ich  show ed  that it p o s s e s s e d  a p r im a ry  

o r  se co n d a ry  am ino grou p  . C om pound A  a ls o  gave p os it iv e  

rea ction s  w ith alkaline s i lv e r  n itra te , the E ls  on -M orga n  reagent, 

tr ip h en y l te tra zo liu m  c h lo r id e , and an ilin e  h y d rog en  phthalate, 

but not w ith n a p h th oresorc in o l (E xpt . 3 , p  . 138 ) . F r o m  these 

tests  it w as deduced that com p ou n d  A  had a redu cin g  group  and 

con ta in ed  h ex osa m in e , but did n ot con ta in  a k e tose  com p on en t.

Its io n o p h o re t ic  m o b ility  w ith  r e s p e c t  to  g lu cosa m in e  

s t^ g e s te d  that it was a d is a cch a r id e  ca rry in g  one b a s ic  g ro u p .
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The op tim u m  co n d it io n s  o i  heating  on  p a p e r  fo r  the 

form ation  o f  com poun d  A  w e r e  in vestiga ted  (E xpt# 5 , pJ^^O  ̂

and both io n o p h o re to g ra m s  and p a p e r  ch ro m a to g ra m s  w e re  

p rep a red  of the m ix tu re  h ea ted  a t 100^C and  120°C  fo r  vary in g  

p eiiod s o f  t im e  . lo n o p h o re to g ra m s  o f m ix tu res  heated  at 100^C 

fo r  p e r io d s  o f  f i fte e n  m inutes to  fou r  h o u r s , and ch rom a togra m s 

o f m ix tu res  heated  a t 100^C f o r  p e r io d s  o f  tw o m inutes to  s ix  

h ou rs , sh ow ed  a g ra d u a l in c r e a s e  in  the in ten sity  o f  th e  spot due 

to com pound A  during th e  f i r s t  h o u r , but l it t le  change th erea fter  

(s e e  fig u re  27) . C om poun d  A  had an va lu e  o f  C .56 and its

m ovem en t on  the p a p e r  ch r o m a to g ra m  re la t iv e  to  g lu cosa m in e  

h y d ro ch lo r id e  w a s  0^ 58 , and that re la t iv e  to  m ann ose

was 0 #32 . S m all am ounts o f  o th er  com p ou n d s a p p ea red  to  be 

fo rm ed  in a d d ition  to  com p ou n d  A  w hen  the re a c tio n  w as c a r r ie d  

out at (fig u re  2 8 ) . A t SO'^'C, the re a c t io n  was m u ch  s low er

than at lOC^C and at 125°C a s e r ie s  o f  com pounds having values

low er  than that o f com pou n d  A  w as fo r m e d . The p r e fe r r e d  conditions 

o f heating w e re  th e re fo re  p e r io d s  o f  at le a s t  fifteen  m inutes at lOO^C . 

The S co p e  and Nature o f  the R e a ct io n

In form a tion  con cern in g  the fu nctiona l grou ps involved  in the 

fo rm a tion  o f  com pound A  w as obtained  by heating s e v e r a l other 

m ix tu res  o f  am in o  su gars with re d u c in g  su g a rs  and th eir  d erivatives 

(E xp t, 4 , p# 139 ) # The com b in a tion s u sed  a r e  lis ted  in  T able VI 

and the sp ots  fo r m e d  by com pounds an a logou s w ith c o n fo u n d  A
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w ere te rm ed  "D  s p o t s " .  S ince D spots w ere  not p rod u ced  fro m  

N -a ce ty l"g lu cosa m in e  and a reducing su g a r , o r  fr o m  glucosam ine 

h ydroch loride  and n o n -re d u c ing sugars {m annitol, d -m eth y l- 

m annosidej s o r b ito l ,  d u lc ito l, and ct-m ethyl g lu co s id e ), the 

form ation  o f  D spots m ust be  a con sequ en ce  o f rea ction  betw een 

the reducing group of a su gar and the am ino gro\^ o f a secon d  com  

pound , The rea ction  appears to be  a gen era l one betw een a ldoses 

and am ino s u g a rs , but w ill not p ro ce e d  with k etoses ^

A n e ce s s a ry  con d ition  fo r  the form ation  o f com pounds giving 

a D spot appears to be that the atom  o f  the reducing sugar 

should not be  substituted  ̂ S ter ic  hinduaiice is the m ost p rob ab le  

oau se  o f th is and eigperim ents with the variou s m ethyl ethers o f 

g lu cose  (an  ion op h oretogram  o f  som e  o f  these is  illustrated  in 

figu re  29) favou r this explanation , fo r  a D spot was not obtained 

w i t h 2 :3 -d i - ,  2 :3 :6 - t r i - ,  and 2 :3 :4 :6 -te t r a -0 -m e th y l-D -g lu c o s e , 

but was obta ined  with 3 - ,  and 3 :4 -d i" 0 -m e t h y l -p -g lu c o s e ,  and 

3 :4 -d i -0 -m e t h y l-p -m a n n o 3 e . 2 -O -m e th y l-D -g lu co s e  was not 

a variable fo r  exam ination , but the fa ilu re  o f N -a cety lg lu cos  am ine 

to  r e a c t  w ith g lu cosam in e h y d roch lorid e  is  another indication  o f 

s te r ic  h in d ra n ce .

A  se co n d  explanation  w hich  cannot be ru led  out is that c o m ­

pound A  w ould  be expected  to  b e  a g lycosy lam in e  (s in ce  it results 

fro m  a ca rb o n y l-a m in e  condensation ) which could  undergo an 

A m adori rea rra n gem en t to a 1 -a m in o -l-d e o x y -Z -k e to s e , fo r  the
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F igure  Z9- Lunophoretogram  o f  g lu co se  and som e 
m ethyl eth ers a fter heating on the paper with gluco

sam ine h y d ro ch lo r id e .
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r e a c t io n  is  e f fe c te d  by  h ea tin g  in  the p r e s e n c e  o i  a c id  in  that 

the am in e h y d r o ch lo r id e  is u s e d . T h is  rearran gem en t^  hovever^ 

cannot o c c u r  i f  the c a r b o n  a tom  o f  the su g a r  is  substituted^ 

but s in ce  com p ou n d  A  d o e s  not a p p ea r to  be a k e to s e , an e x ­

p lanation  attribu tin g  the fa i lu r e  o f  the r e a c t io n  to the b lock in g  

of an  A m a d o r i r e a r r a n g e m e n t  is  le s s  ten a b le  than the s te r ic  

h in drance h y p oth esis  .

F r o m  its r e a c t io n s  in  the c o lo u r  te s ts  and the ind ications 

o f the ex p erim en ts  u sin g  the d if fe r e n t  su g a r  co m b in a tio n s , 

com poun d  A  w ould  a p p ea r  to b e  a g ly co s y la m in e  and a fo rm a l 

equation  m ay be r e p r e s e n te d  as show n b e lo w , The p rod u ct would

CĤ OE CĤ CH

OH 

NE, HC3.

1 — 0̂

BO l * t q
OB

m ;, c i^

have red u cin g  p ro p e r t ie s  by  v ir tu e  o f  the g ly c o s id ic  group  o f  

the g lu co sa m in e  p a rt o f the m o le c u le ,  and w ou ld  r e a c t  with n in - 

h ydrin , w h e re a s  a S c h if f -b a s e ,  b e in g  a te r t ia ry  im in e , w o u ld n o t .



c  1 I' 2 C 2 '  3 3 '  C 4  4 '  6T (  5* ^  6

F ig u r e  3 0 . C h ro m a to g ra m  o f  s a m p le s  o f  m a n n o se  and 
g lu co s a m in e  h y d r o c h lo r id e  h ea ted  in so lu t io n  at v a r io u s  
pH  v a lu e s .
C R e fe r e n c e  s a m p le s  o f  m a n n o se  and g lu c o s a m in e

l^ ^ lr o c h lo r id e .
A q u eou s so lu tion  
F o r m a te  b u ffe r , pH  2 
C itra te  b u ffe r , pH  4 
C itra te  b u ffe r , pH  6 
B a rb itu ra te  b u ffe r ,  pH  8 
B a rb itu ra te  b u ffe r ,  pH  10 

T h e  p r im e  in d ica te s  a d d ition a l heating a fte r  a p p lica t io n  to  the
p a p e r
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P r e p a r a t io n  o f  C o iY ip ou jid  A

P r e p a r a t io n  o f  com p ou n d  A  in  aq u eou s so lu tion  w as attem pted

by heating m a n n o se  and  g lu co s a m in e  h y d r o ch lo r id e  in bu ffer

solu tin ns^ covering  the pH  ran ge  2 to  10 . T he so lu tion s  w ere

heated  in  s e a le d  tu b es  (E x p t . 7^ p  . 141 ) an d  then exam in ed

ch ro m a to g ra p h ica lly , but com p ou n d  A  w as n ot d e te cted  on  the

c h r o m a to g ra m . If^ h ow ever^  th ese  so lu tion s  w e re  app lied  to

the p a p e r  and heated^ th e  now  fa m ilia r  D sp o t ^ 0 .6 )

w as p ro d u ce d  in  ea ch  c a s e  a s  i s  i llu s tra te d  in  f ig u r e  3 0 . A n

in terestin g  fea tu re  d e m o n stra te d  by th is ch ro m a to g ra m  is the

e ffe ct  o f c itra te  (s o lu t io n s  3 an d  4 in  f ig u re  30) on  the value

o f g lu co sa m in e : due^ in  a l l  p r o b a b il i ty ,  to the fo rm a tio n  o f

g lu cosa m in e  c it r a te , the v a lu e  is  d e p r e s s e d  fr o m  0 .68 to  about 0 .18

The sa m e  e f fe c t  w as o b s e r v e d  w hen  a so lu t io n  o f  g lu cosa m in e

h y d ro ch lo r id e  con ta in in g  c i t r i c  a c id  w as a p p lied  to p ap er w ithout

heating and a  ch ro m a to g ra m  d e v e lo p e d  in n -b u ta n o l-e th a n o l-w a te r ,

and the b eh a v iou r  is  s im ila r  to  th e  fo rm a tio n  o f tw o spots w hen a

ch ro m a to g ra m  of g lu co sa m in e  h y d r o ch lo r id e  is d eve lop ed  w ith n -

b u ta n o l-a ce t ic  a c id -w a te r  . T he tw o spots a r e  attributed  to

g lu co sa m in e  h y d ro ch lo r id e  and  g lu co sa m in e  a c e ta te , and m odify ing

e ffe c ts  o f  th is s o r t  o f  so lven ts  on  the ch ro m a to g ra p h ic  behaviour
162

of am in o su g a rs  has b e e n  d is c u s s e d  b y  W a lk er
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Attenip^^ to  is o la te  com p ou n d  A  by  the con ven tion a l 

p rep a ra tive  ch ro m a to g ra p h y  and io n o p h o re s is  m ethods w h ereb y
163the a p p rop r ia te  band o f  the p a p e r  is s im p ly  e lu ted  with w ater

w ere  u n s u c c e s s fu l, f o r  w h en  th ese  eluates w e re  f r e e z e -d r ie d  and

re -a n a ly s e d  th ey  w e r e  fou n d  to  b e  no lo n g e r  h om ogen eou s (E xpts *

6 and 8 , p p .  141,143 ) , lo n o p h o re to g ra m s  o f  the sep a ra ted

m a te r ia l show ed a s tr e a k  fr o m  the D sp ot 0 ,5 6 ) to the

b a s e - l in e ,  tog e th er  w ith  a  s m a ll  am ount o f  g lu cosa m in e , and

ch rom a togra p h y  in d ica te d  the p r e s e n c e  o f  m a n n ose , g lu cosa m in e

h y d ro ch lo r id e  and com p ou n d  A  * 0 .5 7 ) . If com poun d  A  is

a g ly c o s y la m in e , th is  is  p e rh a p s  to  be e x p e c te d , f o r  the instab ility
138of g ly co sy la m in e s  in  a q u e o u s  s y s te m s  has b een  d em on stra ted  

and the g ly c o s y la m in e s  o f  a lip h a tic  a m in es  a r e  p a r t icu la r ly  lab ile  

in such  m ed ia^ ^ ^ .

In stea d  o f  e lu ting  th e  bands o f ch ro m a to g ra m s a n d io n o -  

pho re  tog ra m s  w hich  w e re  in d ica ted  b y  the gu ide s t r ip s ,  a n a rrow  

str ip  w as cut fr o m  th e s e  ba n ds and ch rom a tog ra p h ed  a g a in  w ithout 

e lu tion  b y  sew in g  the s tr ip s  in to  co rre sp o n d in g  h o le s  cut in the 

b a se  lin e  o f  new  sh eets  o f  p a p e r .  C o n tro ls  o f  m ann ose and g lu c o s ­

am ine (h ea ted  on the p a p e r ) w e re  p la ce d  e ith e r  s id e  o f  th ese  str ip s  

in the sa m e  m an n er and the ch ro m a to g ra m  w as d ev e lop ed  in  the 

usual w ay an d  sta in ed  w ith  a lk a lin e  s i lv e r  n it r a te . The '* re -ru n "
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chrom a-togTam  o f  a s tr ip  ta k en  fr o m  a p rep a ra tive  ch rom a togra m  

is i l lu s tra te d  in  f ig u re  31 a n d  a  d is t in c t  band due to  com pound A

A about 0 .6 3 )  can  b e  s e e n .  T h is  e x p e r im e n t w as repeated  '  G A
using la r g e r  s tr ip s  fr o m  a p re p a ra t iv e  ch ro m a to g ra m  and a c o m ­

plete  s t r ip  w idth  f r o m  a n  io n o p h o re to g r a m , and th is t im e  the 

p o s it io n  o f  th e  com p ou n d  A  bands w as lo ca te d  b y  staining guide 

s tr ip s ; the a p p r o p r ia te  ba n d s w e r e  then  cu t out and eluted  w idi 

d ry  m e th a n o l . A fte r  e v a p o r a t io n  to  lo w  v o lu m e  (under redu ced  

p r e s s u r e  at r o o m  te m p e ra tu re )  the m ethanol so lu tion s  w ere  

exam in ed  by p a p e r  ch ro m a to g ra p h y  w h ich  show ed  c le a r ly  that 

they w e r e  so lu t io n s  o f  co m p o u n d  A , a lm o s t  ch rom a tog ra p h ica lly  

p u r e .  F ig u r e  32 sh ow s the ch ro m a to g ra m  o f  th ese  so lu tion s t o ­

geth er w ith  a  c o n tr o l  o f  m a n n ose  and g lu co sa m in e  h y d ro ch lo r id e  

h eated  on  the p a p e r  .

A lth ou gh  the se p a ra tio n  o f  com pound A  w as e ffe c te d  in  this 

fa s h io n , the m eth od  w as fa r  t o o  ted iou s  f o r  the p re p a ra tio n  o f the 

su b sta n ce  in  quantity and o th e r  p o s s ib i l i t ie s  w e re  exam in ed  (E x p t. 

9 , p .1 4 5  ) .

G ly c o s y la m in e s  o f  a ro m a tic  am in es w e re  f i r s t  obtained  by
126heating the a m in e  and su g a r  to g e th e r   ̂ and a s im ila r  e?q)erim ent 

w as p e r fo r m e d  in  w hich  g lu co sa m in e  h y d ro ch lo r id e  w as added to  

m o lten  m a n n o se  . The so lu t io n  o f  the resu ltin g  dark  b row n  m a ss 

was sh ow n  b y  io n o p h o re s is  and ch rom a tog ra p h y  to contain  a su b -
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stan ce  h aving  a . va lu e o f 0*57 and a R -  . va lu e  o f 0 *58, 

w h ich  w as d o u b tle ss  co m p o u n d  A ,  bu t the p r e s e n c e  o f a la rg e  

n u m ber o f  o th e r  s u b s ta n ce s  w as a ls o  in d ica te d . L e s s  d ra s t ic  

cond itions o f  h eatin g  w e r e  e m p lo y e d  but th ere  was no in d ica tion  

of the p ro d u ct io n  o f  c o m p o u n d  A  w hen  a fin e ly  grou n d  m ix tu re  o f  

m a n n ose  and g lu c o s a m in e  h y d r o ch lo r id e  w as m ain ta ined  at 110°C  

fo r  s e v e r a l  h o u r s ,  o r  w h en  a s t i f f  p a s te  o f  th ese  tsw su gars with 

a l it t le  w a ter  (as u sed  in  th e  p re p a ra tio n  o f n re id o  su g a rs  ) was 

heated  at lOO^G fo r  s ix  h o u rs  ,

A n  attem pt to  p r o d u c e  com p ou n d  A  by  re flu x in g  a m ethanolic  

so lu tion  o f m a n n ose  w ith  g lu co s a m in e  h y d ro ch lo r id e  w as u n s u cce s s ­

ful and 3 0 a tten tion  w as a g a in  fo c u s s e d  on  r e a c t io n  o f the 

su g a rs  su p p orted  o n  c e l lu lo s e  .

A  s lu r r y  o f c e l lu lo s e  p o w d e r  in a n  aqueous so lu t io n  o f  m annose 

and g lu co sa m in e  h y d r o c h lo r id e  w as f r e e z e -d r ie d  and ihe so lid  

s u s p e n s io n  s o  obta ined  w a s  heated  at 100^C f o r  n inety  m inutes .

T h is  p r o c e d u r e  w as e m p lo y e d  b e ca u se  it w ou ld  p ro v id e  a g rea ter  

s u r fa c e  a re a  than the r e a c t io n  on sh eets  o f  p a p er  and i f  c e llu lo se  

ccdum n ch rom a tog ra p h y  co u ld  be em ployed^ the r e a c t io n  prod u cts  

w ould  b e  obta in ed  in  a fo r m  con ven ien t fo r  apj^>lication to the 

co lu m n  t C h rom a tog ra p h ic  a n a ly s is  o f an  aqueous eluate fro m  a 

s m a ll  p o r t io n  o f  the heated  c e llu lo s e  su sp en sion  show ed  that 

com p ou n d  A  w a s  p re s e n t , and a se p a ra tio n  o f  the m ix tu re  on  a 

co lu m n  o f  c e l lu lo s e  w as attem pted  (E x p t . 10, p .  146 ) b e ca u se
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iso la tion  o f  com p ou n d  A  had  b e e n  a ch ie v e d  b y  the rep ea ted  

ch rom a tog ra p h y  p r o c e d u r e  . T h is , h o w e v e r , w as u n s u cc e s s fu l, 

fo r  the v a r io u s  e lu a te  fr a c t io n s  contained  m a n n ose , g lu cosa m in e  

h y d r o c h lo r id e , and com p ou n d  A  and the m a te r ia l  was th e re fo re  

r e c o v e r e d  b y  e v a p o ra t io n  o f  the bu tan olic  s o lu t io n . A  p a r tia l 

S eparation  o f  th is  m ix tu re  b y  m eans o f  an io n -e x ch a n g e  r e s in  

(Am berH te IR  120) w a s  t r i e d ,  but aga in  w ithout s u c c e s s  (E x p t . 11, 

p .  1 4 7 ) .

A ttem pts at S e p a ra tio n  o f  th e  R e a ct io n  M ixtu re  by  C h rom atograph y ,

S o lven t E x tra c t io n  and C r y s ta ll is a t io n

R e s o lu t io n  o f  the m ix tu re  on  c e l lu lo s e  co lu m n s o r  sep aration

o f  com p ou n d  A  fr o m  m a n n ose  and g lu cosa m in e  h y d ro ch lo r id e  on  a
165co lu m n  o f  ch a rco a l and  c e l it e  m ight be :^ cilitated  by acety la tion

o f  the a m in o  groups . C om pound A  w as p re p a re d  b y  heating m annose

and g lu co sa m in e  h y d r o ch lo r id e  on  c e llu lo s e  p ow d er fo llow ed  hy

elu tion  o f  the su g a rs  w ith w a te r  and this m ix tu re  w as then s e le c t iv e ly
l66N -a ce ty l3 .ted  u sin g  th e p r o c e d u r e  o f  R osenaau  and Ludow ieg 

(E x p t . 12^ p  . ^48 ) . C h ro fn a tog ra p h ic  a n a ly s is  o f  the fin a l p rod u ct 

in d ica te d , h o w e v e r , that on ly  a v e ry  s m a ll  am ount o f com pound A  

o r  its N -a c e t y l  d e r iv a t iv e  rem a in ed , tog e th er  w ith m annose and 

N ^ a ce ty lg lu co s a m in e , a n d  a c o n s id e ra b le  quantity o f  a n ew , fast 

m oving  com p on en t ^*5) w hich  w as p ro b a b ly  a n a n h y d r o -

g lu co sa m in e ^  T he m eth od  ce r ta in ly  h eld  lit t le  p r o m is e  fo r  the 

se p a ra t io n  o f the re a c t io n  m ixtu re  s
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S o lv en t e x tr a c t io n  an d  fra c t io n a l cry sta llisa tL on  p ro c e d u r e s  

w ere  then c o n s id e r e d .  T h e  r e a c t io n  w as c a r r ie d  out o n  c e llu lo s e  

pow der and  the aq u eou s e lu a te  w as fre eze '^ d r ied  . P o r tio n s  o f the 

so lid  s o  ob ta in ed  w e r e  s e p a r a te ly  e x tra c te d  w ith  a n u m ber o f  

so lven ts  and the e x tr a c ts  w e r e  a n a ly se d  io n o p h o re t ica ily  (E xpt* 13  ̂

P#148 The so lv e n ts  u se d  w e re  m eth a n o l, ethanol, n -bu tan ol, 

a ce ton e , e th e r , d io x a n , and c h lo r o fo r m  < O f th e s e , d ioxa n  

appeared  to  e x tra c t  on ly  m a n n o se , and c h lo r o fo r m  rem ov ed  m annose 

and a little  g lu co sa m in e  h y d r o c h lo r id e  . A l l  the a lco h o ls  ex tra cted  

m ann ose, g lu co s a m in e  h y d r o c h lo r id e  and com poun d  A ,  although 

in v a ry in g  p r o p o r t io n s ,  but a ceton e  r e m o v e d  on ly  a little  m an n ose, 

and none o f s u g a r s , a p p a re n t ly , w as so lu b le  in  e th e r .  It appeared  

fr o m  th e se  p r e lim in a ry  te s ts  that one com p on en t at le a s t  m ight be 

re m o v e d  fr o m  the r e a c t io n  m ix tu re  w ith e ith e r  d ioxan  o r  c h lo r o ­

fo r m , and S oxh let e x tr a c t io n  o f  a r e a c t io n  m ixtu re  on c e llu lo s e  

was c a r r ie d  out w ith th e s e  tw o  so lv en ts  .  A fte r  tw en ty -on e  hours 

e x tr a c t io n , io n o p h o re s is  e x p e r im e n ts  sh ow ed  that d ioxa n  had 

re m o v e d  an  a p p re c ia b le  am ount o f  m a n n o se , and c h lo ro fo r m  a 

sm a R  am ount o f  m a n n ose  and p o s s ib ly  a t r a c e  o f  com poun d  A , 

f r o m  the c e l lu lo s e  . A  fin a l attem pt to  em p loy  so lv en t ex tra ction  

was m a d e  b y  a llow in g  d iox a n  to  p e r c o la te  s low ly  through a colu m n  

o f  the c e l lu lo s e  re a c t io n  m ix tu re  . A lthough  a co n s id e ra b ly  quantity 

o f  m a n n ose  w as r e m o v e d  in  th is  way^ the c e llu lo s e  reta ined  too
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m uch m annose^  a lon g  w ith  the g lu co sa m in e  h y d ro ch lo r id e  and 

com poun d  A ,  io r  the p r o c e s s  to  be e c o n o m ic a lly  u sefu l#

G lu co sa m in e  h y d r o c h lo r id e  m ay  be c ry s ta llis e d  fr o m
167aqueous a ce ton e  an d  its  r e m o v a l fr o m  the m ixtu re  w ith m annose 

and com p ou n d  A  w a s  a ttem p ted  b y  th is  m ea n s # The aqueous 

eluate fr o m  a r e a c t io n  m ix tu re  on  c e l lu lo s e  p ow d er w as f r e e z e -  

d r ied  and  d is s o lv e d  in  a l it t le  w a ter  . P a r t  o f  the g lucosam ine 

h y d ro ch lo r id e  w as r e m o v e d  b y  s lo w  cry s ta llisa t io n  w ith  acetone^ 

and a ls o  w ith d ioxa n  (E x p t . 14  ̂ p # 150 ) . A  n um ber o f c ro p s  of 

m a te r ia l w as p re c ip ita te d  fr o m  the d ioxa n  m oth er  liq u o rs  by 

in c re a s in g  the d ioxan  co n ce n tra tio n  and th is  a ls o  re su lte d  in  the 

p r e c ip ita t io n  o f som e m annose  ̂ C om bination  o f the m oth er liq u ors 

fro m  d iox a n  and acetn n e c r y s ta llis a t io n s  resu lted  in  the rem ov a l o f 

m o r e  g lu co sa m in e  h y d ro ch lo r id e  fr o m  solution^ and although the 

fin a l m o th e r  liq u o rs  s t i l l  con ta ined  m a n n ose , g lu cosa m in e  h y d ro ­

c h lo r id e  and com pound A ,  the p ro p o r t io n  o f each  w as roughly equal 

s o  that a  co n s id e ra b le  en rich m en t o f  com pou n d  A had been  effected^ 

T h is  p r o c e d u r e  cou ld  th e r e fo r e  p ro v id e  the b a sis  o f  a u sefu l 

p r e l im in a r y  treatm en t to  so m e  o th er  sep a ra tion  p r o c e s s ,  p a rticu la r  

ly  i f  a ch ro m a to g ra p h ic  m ethod  w as to be  used#

Io n -E x ch a n g e  C h rom atogra ph y

T h e sp e c ta cu la r  sep a ra tion s  o f  co m p le x  m ixtu res  o f  am ino 

a c id s  b y  M o o re  and Stein^^^ using io n -e x ch a n g e  chrom atography
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prom pted  in v estig a tion s  in to  the a p p lica tion  o f  th ese  tech n iqn es
169to  the fT action ation  o f  m ixttures o f  am ino s u g a r s a n d C r a m p t o n

has s u c c e s s fu lly  r e s o lv e d  m ix tu re s  o f a la r g e  n u m b er o f  am in o

su gars on  a su lph onated  p o ly s ty re n e  re s in  t S in ce  th ey  have v e ry

d ifferen t m ig ra t io n  ra te s  o n  ion op h ores is^  com poun d  A  and

g lu cosa m in e  have d if fe r e n t  b a s ic i t ie s  and th ey  sh ou ld  th e r e fo r e

be sep a ra b le  by  io n -e x c h a n g e  ch ro m a to g ra p h y .

An in v e s t ig a tio n  o f  the p o s s ib i l i t y  o f  re so lv in g  th e  r e a c t io n

m ixtu re  by  this m ea n s iva s m a d e  using a s m a ll  an a lytica l column^

and the s e p a ra t io n  o f  tw o d is t in c t  fra c t io n s  g iv in g  a p o s it iv e  rea ction
170 171in the E ls o n -M o rg a n  te s t   ̂ in d ica ted  that ex p erim en ts  on  a 

larger^  p re p a ra tiv e  co lu m n  co u ld  be  p ro fita b ly  p u rsu ed  (E x p t. 15, 

p  ̂ 152 P re p a ra tio n s  o f  m a te r ia l  f o r  s e p a ra t io n  in  th€^e e x p e r i­

m en ts w ere  m ade by  heating  the rea cta n t su g a rs  on  ce llu lo se  

p ow d er  an d  d iss o lv in g  the f r e e z e -d r ie d  eluate fr o m  the c e llu lo s e  

in  h y d r o c h lo r ic  a c i d .  E lu ate  fra ct io n s  fr o m  the la rg e  colum n

w e re  scan n ed  b y  m ea n s o f  o p t ica l  ro ta t io n  m ea su rem en ts , the E ls  o n -
171M org a n  r e a c t io n  ,  the d e v e lo p m e n t o f a b lu e  c o lo u r  w ith h n& ydrin

172reagen t , and the in ten sity  o f  a b so rp t io n  at 284 m p,. The h is to ­

gram s co n stru cte d  o b se rv a tio n s  a re  show n in  figu re  33 .

O p tica l r o ta t io n  m ea su rem en ts  sh ow  that m an n ose  is  the fir s t  

su b sta n ce  to  be eluted  fr o m  the co lu m n  and is  found in  the e a r ly  

fraction s^  w h ich  is  the p o s it io n  ex p ected  o f  n eu tra l and a c id ic
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substances , A  s m a ll p eak  in  the neighbourhood  of fra ction  100 

was in d ica ted  by the E lson-^M organ and ninhydrin tests  and this 

was attribu ted  to com poun d  A .  F ro m  the in tensity  o f the co lou rs 

developed  in th ese  reactions;^ the con cen tra tion  o f com pound A 

in the fra ct io n s  w as ca lcu la ted  as the con cen tra tion  o f  g lucosam ine 

h y d ro ch lo r id e  in }Jg * /m l and is r e co rd e d  in  this way on the 

h istogra m s  ̂ The v e r y  m uch  la r g e r  p eak  in  the reg ion  o f fraction s 

145 to  170^ w h ich  w as found by the op tica l rotation^ E lson-M organ^ 

and n inhydrin  m easu rem en ts^  w as undoubtedly g lu cosam in e h y d ro ­

ch lo r id e  b y  r e a s o n  o f  its  m agnitude and position^ fo r  an authentic 

sa m p le  o f g lu cosa m in e  h y d ro ch lo r id e  w as eluted from  the colum n 

in this sam e fra ct io n  r a n g e .

T he u ltra v io le t a b sorp tion  found in fra ction s  88 to 95 was 

p a r t icu la r ly  in terestin g  and was attributed to the p resen ce  o f  a 

com poupA  By w hich  w ill  b e  d is cu sse d  sh ortly  (p .  106

E luate fra ction s  b e lie v e d  to  contain  com pound A  w e re  bulked, 

n e u tra lis e d  to  pH  5, a n d fr e e z e -d r ie d s  Initially^ thenj& utralisation 

w as e ffe c te d  w ith sod iu m  b icarbon ate  and the fr e e z e -d r ie d  m ateria l 

w as then ex tra cted  with eth an ol. Ionoph oretic an a lysis o f the 

y e llo w -b ro w n  s o lid  obtained by evaporation  o f  the ethanol solution 

show ed that it  con s is ted  m ain ly  o f com pound A^ with sm a ller  

quantities o f  m annose and g lu cosam in e h yd roch lorid e  . In carder 

to a vo id  the a lco h o l ex tra ction  of the fr e e z e -d r ie d  so lid  and
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evapo^ratiOA o f the s o lu t io n , w h ich  was ra th er  t im e -c o n s u m in g ,

the bu lked  fra c t io n s  ob ta in ed  fro m  la te r  separationsJhvere

n e u tra lis e d  b y  e x tr a c t io n  w ith  a c h lo r o fo r m  so lu t io n  o f  d i -n - o c t y l -  
173m eth y lam in e  . C a re  w as r e q u ir e d  in  the u se  o f  this reagen t

fo r  the c o m m e r c ia l  p r o d u c t  con ta in ed  a n u m ber o f  com pounds

w hich  r e a c te d  with n in ^ y d r in . T h e s e  w e r e  re m o v e d  by  w ashing

with aq u eou s h y d r o c h lo r ic  a c id ,  fo llo w e d  b y  re g e n e ra tio n  o f  the

ba se  w ith  aqueous so d iu m  h y d ro x id e  so lu tio n , until ion op h ore tic

a n a ly s is  show ed  that the im p u r it ie s  w e r e  r e m o v e d  (E x p t . 1, p .l3 7  )

A bout 99% o f  the d i-n -o c ty lm e th y la m in e  h y d ro ch lo r id e  rem ain ed
173in  the c h lo r o fo r m  p h a se  , bu t the s m a ll  am ount p a rtition ed  in  

the aqu eous ph ase  m u st b e  rem ov ed , fo r  w hen  v o lu m es  o f  the 

o r d e r  o f  500 m l .  a r e  f r e e z e -d r i e d  the con tam in ation  o f  a requ ired  

p rod u ct w ith  this am in e h y d r o ch lo r id e  cou ld  be  co n s id e ra b le  . F or  

th is r e a s o n , the n e u tra lis e d  aqu eous p h ase  w as w adied  tw ice  with 

c h lo r o fo r m  and th en  f i l t e r e d  b e fo r e  fr e e z e -d r y in g  * The f r e e z e -  

d r ie d  m a t e r ia l  s o  obta in ed  w a s  a y e llo w -g r e e n  h y g r o s c o p ic  so lid  

and io n o p h o r e s is  sh ow ed  i t  to be  p r in c ip a lly  com pound A ,  although 

s m a ll am ou n ts  o f m a n n ose  and g lu co sa m in e  h y d ro ch lo r id e  w ere  

a ls o  p r e s e n t .  S e v e r a l b a tch e s  o f  com pound A  w e re  p re p a re d  in 

th is  w ay  and the m a te r ia l  w as d is s o lv e d , as  re q u ire d , in  a sm a ll 

v o lu m e  o f  w a te r  an d  the so lu tio n s  w e re  u su a lly  w ashed  w ith an
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equa.1 v o lu m e  o f  c h lo r o fo r m  and f i lt e r e d  . T h is  trea tm en t 

s e rv e d  the th r e e fo ld  p u r p o s e  o f  re m o v in g  any rem a in in g  

tra ce s  o f  d i -n -o c t y lm e th y ia m in e  h y d r o c h lo r id e , sa fegu ard in g  

the so lu tion  a g a in st b a c t e r ia l  in fe c t io n , a n d  en su rin g  the a b sen ce  

o f  com pound  B  ( lo c  .  c it  . )  .  T h e  la r g e s t  quantity  o f  m a te r ia l  

w hich could, b e  c o n v e n ie n t ly  se p a ra te d  in  one ba tch  by this 

p r o c e s s  w as ab ou t 2 .5  g .  o f  a m in o  s u g a r , i . e .  about 5 o f  the 

r e a c t io n  m ix tu re  f r o m  w h ich  50 to  100 m g  . o f  com p ou n d  A  w e re  

u sua lly  o b la in e d .

T h e  s ta b ility  o f  com p o u n d  A  a t r o o m  tem p era tu re  in  aqueous 

and d ilu te  h y d r o c h lo r ic  a c id  so lu t io n s  w as exam in ed  by  ch ro m a to ­

gra p h ic  and io n o p h o r e t ic  a n a ly s is  (E xpt.^16 , p . l 5 5  ) .  A lthough the 

a c id  so lu t io n  r e m a in e d  a lm o s t  unchanged- d u rin g  a p e r io d  of two 

w e e k s , th e  aqu eou s s o lu t io n  g ra d u a lly  d e co m p o s e d  w ith  the 

fo rm a tio n  o f  m a n n ose  an d  g lu co s a m in e  h y d r o c h lo r id e .  W hen the 

so lu tion s  w e re  h ea ted , d e g ra d a tion  o f  com p ou n d  A  o c c u r r e d  and 

Ihe p r o c e s s  w as a lm o s t  c o m p le te  a fte r  s ix  h ou rs  . In each  ca s e ,

{he d e co m p o s it io n  w as p a r a l le le d  b y  an in c r e a s in g  p ro p o r t io n  o f  

g lu co sa m in e  h y d r o c h lo r id e ,  but on ly  a s m a ll  am ount o f  m annose 

was p r o d u c e d .  (S ee f ig u r e  41, p . 124).

B e fo r e  p r o c e e d in g  w ith  the d is c u s s io n  o f  the naitnre o f c o m ­

pound A , it  is  con v en ien t a t th is  s ta g e  to  c o n s id e r  b r ie3 .y  com pound 

B .
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Con^pound B

T h e  c o n d it io n s  u n d er  w h ich  com p ou n d  A  is  fo r m e d  a re

unusnalj not o n ly  in  th e ir  p h y s ic a l  state^ but a ls o  in that the

re a c tio n  is  c o n t r iv e d  b e tw e e n  the red u cin g  su gar an d  the am in e

h y d ro ch lo r id e  ra th e r  than  the f r e e  b a s e  w h ich  is  n o rm a lly  em p loyed

in g ly c o s y la m in e  p r e p a r a t io n  ( l o c  . c i t .) . R e a rra n g e m e n t o f

g lyC O sylam ines to  su b st itu te d  l -a m in o - l -d e o x y -2 -h e t o s e s  often

o c cu rs  on  h ea tin g  and in  m a n y  c a s e s  this ten d en cy  is  a ccen tu a ted
145by the p r e s e n c e  o f  a c id  * F u r t h e r m o r e ,  the re a rra n g e m e n t is  

u sually  a c c o m p a n ie d  b y  d e c o m p o s it io n  o f  the su bstitu ted  k e to se  and 

in  hot aqu eous a c id  so lu t io n s  the d eg ra d a tion  p ro d u cts  in c lu d e , 

in te r  a l ia ,  5 -h y d ro K y m e th y l-2 -fu r fu ra ld e h y d e

I f  com p ou n d  A  is  a g ly c o s y la m in e ^  the con d ition s  o f  the r e a c t io n  

w ou ld  fa v o u r  th is  s e q u e n ce  o f even ts  and H M F w ou ld  be ex p ected  

a m o n g s t  the r e a c t io n  p ro d u c ts  . T h e  p r e s e n c e  o f  H M F cou ld  rea d ily  

be d e te c te d  by^Lits u lt r a v io le t  a b s o r p t io n  and i f  it w as fou n d , this 

w ou ld  fu rn ish  e v id e n ce  f o r  the o c c u r r e n c e  o f  the A m a d o r i rea rra n g e  

rn en t.

W hen the r e a c t io n  m ix tu re  w as sep a ra ted  by  fon -exch a n ge  

c h r o m a to g ra p h y , H M F w a s e x p e c te d  a m on g st the e a r l ie r  eluate 

fra c t io n s  w ith  n eu tra l com p ou n d s  such  a s  m annose . T he a b sorp tion  

at 284 mp. o f  the e a r l ie r  e lu a te  fr a c t io n s  w as a c c o rd in g ly  m easured , 

but n on e  w as fou n d  to  a b s o r b  u lt r a v io le t  l ig h t . Scanning o f the
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fra ct ion s  in  th is w ay  w a s  continued^ h ow ever^  and s tro n g  

a b so rp tio n  w as e x h ib ite d  b y  f r a c t io n s  in  the r e g io n  o f 87 to  95 ^

In this w ay  com p ou n d  B  w a s  fo u n d . Its u lt ra v io le t  a b so rp t io n  

sp e ctru m  w as m e a s u r e d  an d  w a s a lm o s t  id e n t ic a l  with that 

p u b lish ed  by  W o lfr o m  e t  al^  f o r  ( f ig u re  36) .

F r o m  its  b e h a v io u r  o n  the io n -e x c h a n g e  colum n^ com pou n d  

B a p p ea red  to b e  b a s ic  and  s in ce  i t  w a s ob ta in ed  in  the p r e s e n c e  

o f  a la r g e  quantity o f  g lu c o s a m in e  h y d r o c h lo r id e  it w as p o s s ib le  

that the com p ou n d  w a s  a S c h if f  b a s e  o f  H M F and g lu co sa m in e  as 

fo rm u la ted  b e lo w .  T h e  a p p r o p r ia te  e lu ate  fr a c t io n s  w e r e  c o m -

CBgOB

OB

CH 0^ CH^OH

b in e d , n e u tra lie e d w ith d i-B -o c ty lm e th y la -iT L in e , a n d ir e e z e - d r ie d .  

A fte]r tw o o r  td ree  b a tch e s  had b een  tre a te d  in  th is manner^ a 

c o n s id e ra b le  lo s s  o i m a te r ia l  w as in d ica te d  fr o m  the re la tiv e  

a b so rp t io n s  and v o lu m e s  o f  s o lu t io n s  b e fo r e  and a fte r  the iso la tio n  

o f  com p ou n d  B fro m  the e lu a tes  . R e m o v a l o f  ccstnpound B into 

the c h lo r o fo r m  p h a se  d u rin g  n e u tra lis a t io n  and w ash ing was 

s u s p e c te d , fo r  H M F w ou ld  b e  s o lu b le  in  o r g a n ic  s o lv e n ts , and 

the d is tr ib u tio n  o f the com p ou n d  b e tw een  c h lo r o fo r m  and the 

d ilu te h y d r o c h lo r ic  a c id  o f  the e lu ate  w as m e a s u re d  (Expt^ 20,
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p .1 6 0 ) . A  v a lu e  o f  0 .31 a t  16^C w as ob ta in ed  f o r  the p a r t it io n

c o e ff ic ie n t  and a v e r y  s im i la r  va lu e  (0 *25 at 2 5 at  lo w e r

te m p e ra tu re s  a  s lig h t ly  h ig h e r  v a lu e  w o u ld  b e  ob ta in ed ) has b e e n
175re p o r te d  b y  B eth g e  f o r  the p a r t it io n  c o e f f i c ie n t  o f  H M F betw een  

3 #8N h y d r o c h lo r ic  a c id  and  c h lo r o fo r m  .

T h e  r e a s o n  f o r  th e  l o s s  o f  co m p o u n d  B co u ld  c le a r ly  be u sed  

to advantage in its iso la tio n ^  fo r  e x tr a c t io n  o f  the a p p rop ria te  

eluate fra c t io n s  w ith  c h lo r o f o r m  in  a con tin u ou s e x tr a c to r  would 

b e  m o r e  c o n v e n ie n t  than n e u tra lis a t io n  o f  the fra c t io n s  fo ib w ed  by 

f r e e z e -d r y in g *  F o r  th is  p u r p o s e ,  h o w e v e r , e th er  is  a b e tte r  

so lv en t than  c h lo r o fo r m  b e c a u s e  it  is  m o r e  e a s ily  r e m o v e d  at lo w  

te m p e ra tu re  a fte r  e x tr a c t io n *  T h e  p a r t it io n  c o e f f ic ie n t  o f  com pound 

B b etw een  0 *3N h y d r o c h lo r i c  a c id  and  e th e r  w as d e te rm in e d  and the 

a v e r a g e  v a lu e  w as 0*26 at 16^C* E th e r  e x tra c t io n  w as t h e r e fo r e  

e m p lo y e d  ro u tin e ly  f o r  the is o la t io n  o f  com p ou n d  B .

H y d ro ly s is  o f  C om p ou n d s A  a n d  B

S tu d ies  o f  the b e h a v io u r  on  h y d r o ly s is  o f  com p ou n d s A  and B 

p la y e d  a  m o s t  im p orta n t p a r t  in  the e lu c id a tio n  o f  the n atu re  o f 

these com p ou n d s  * C h ro m a to g ra p h ic  and io n o p h o re t ic  ev id en ce  for  

the d e g ra d a tio n  o f com p ou n d  A  by  w a t e r , e ith e r  hot o r  c o ld ,  and by 

h ot a c id  h as  a lr e a d y  b e e n  m e n tio n e d , and  f r o m  u ltra v io le t  a b sorp tion  

m e a s u re m e n ts  com p ou n d  B w as fou nd  to  b e  s ta b le  to hot w a te r , but 

w as d e c o m p o s e d  by  h ot, d ilu te  (2 !^  h y d r o c h lo r ic  a c id  (E xpts . 18 and
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19, IPP.157, 159 )

H y d ro ly s is  o i  co m p o u n d  A  b y  h ot and c o ld  w a ter  w as fo llo w e d  

by E lso n ^ M o rg a n  d eterm in a tion s^  o p t ica l  r o ta t io n  measurements^^ 

o b serv a tion  o f  the in te n s ity  o f  a b s o rp t io n  at 284 and c h ro m a ­

tog ra p h ic  and io n o p h o r e t ic  a n a ly s is  (E xpt^ 18^ p^ 158 )  and the 

h y d ro ly s is  p ro d u c ts  w e r e  S ep arated  b y  io n -e x ch a n g e  ch ro m a to ­

graphy (E xp t  ̂ 25^ p  * 164 ) . T h e  so lu t io n  o f  com p ou n d  A  had 

in itia lly  no o p t ic a l  r o ta t io n  and no ch a n ge  w as o b s e rv e d  during 

h y d ro ly s is  in  e ith e r  h o t o r  c o ld  so lu t io n s  . It a p p ea red  fro m  the 

ch rom a tog ra p h y  a n d  io n o p h o r e s is  e x p e r im e n ts  that the d e c o m - 

p o s i^ o n  o f  com p ou n d  A  w a s  a c co m p a n ie d  b y  the fo rm a tio n  o f 

g lu co sa m in e  h y d r o c h lo r id e  and m annose^ although  the spot on  a 

ch ro m a to g ra m  due t o t h e  la t te r  w as s tre a k e d   ̂ In hot water;^ 

g lu co sa m in e  h y d r o c h lo r id e  w as fo r m e d  tog e th er  w ith a sm a ll 

quantity o f  m a n n ose  and a t r a c e  o f  a com p ou n d  w h ich  had and

. v a lu es  o f  0^77 and 1^44 r e s p e c t iv e ly ,  w h ich  a r e  values A
ob ta in ed  fo r  g lu c o s e .  T h e r e  w as no s ig n ifica n t  change in  the 

h e x o sa m in e  c o n ce n tra t io n , a s  in d ica ted  b y  the E ls o n -M o rg a n  

r e a c t io n , in  e ith er  c a s e  . In the c o ld  s o lu t io n , no change in 

a b s o rp t io n  a t  284 mp. (w h ich  w as v e r y  lo w , 0 .13) w a s o b s e rv e d , 

but th e  a b s o r p t io n  at th is w avelen gth  g ra d u a lly  in cre a se d  during 

the h y d r o ly s is  o f  com pou n d  A  by h ot w a ter  ( f ig u re  38 , 118 ) .

A ls o  dur ing the h y d r o ly s is  by hot w a te r , a g ra d u a l darkening in 

c o lo u r  o c c u r r e d  and even tu a lly  a f in e , d a rk  b row n  p re c ip ita te
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wa.a p r o d u c e d .

T h e  h y d r o ly s is  p r o d u c ts  w e r e  s e p a r a te d  b y  io n -e x ch a n g e

ch rom a togra p h y  and  the in a c t io n s  sca n n ed  b y  m ea n s o f  the c?rc in o l-
17  ̂ 177Sulphuric a c id  r e a c t io n   ̂ , th e  E ls o n -M o r g a n  reaction ^  and

(in  the c a s e  o f  the s o lu t io n  h y d r o ly s e d  b y  h ot w a ter} th e  a b so rp tio n  

at 284 mp,# T he o r c in o l  r e a c t io n  sh ow ed  that a gro^qp o f  n eu tra l 

sugars f r a c t io n s  w as p r o d u c e d  fr o m  both  the so lu tion s  (A1 fr o m  

the so lu tion  h y d r o ly s e d  b y  b o il in g  and A 4  fr o m  that h y d ro ly se d  

in the c o ld )  and fra c t io n s  g iv in g  a p o s it iv e  r e a c t io n  in the E ls o n -  

M organ  te s t  w e r e  e lu ted  f r o m  ih e  colum n^ in  the sam e p o s it io n  

as g lu co sa m in e  h y d r o c h lo r id e ,  f r o m  both  h y d r o ly s a te s  . T h e se  

w ere  d es ig n a ted  A 3 f r o m  th e  s o lu t io n  h y d r o ly s e d  by  b o ilin g  and 

A 5 fr o m  the s o lu t io n  h y d r o ly s e d  in  th e  c o l d .  U ltra v io le t  a b sorb in g  

(28 4  m p) ^fractions (A 2) w e r e  ob ta in ed  fr o m  so lu t io n  o f  com p ou n d  A  

w hich  had b e e n  b o i le d  an d  w e r e  e lu ted  f r o m  the co lu m n  in  the 

sa m e  r e g io n  as com p ou n d  B  .

T h e  fr a c t io n s  con ta in in g  n eu tra l s u g a rs  (A1 and A 4 ) w e re  

n e u tr a lis e d  and f r e e z e -d r ie d  and fr a c t io n s  A3 and A 5 , w hich  w ere  

p ro b a b ly  so lu t io n s  o f  g lu c o s a m in e  h y d r o c h lo r id e , w e r e  con cen tra ted  

to low  v o lu m e  in  r e a d in e ss  fo r  c r y s t a l l i s a t io n . O ne oEthe fra ct io n s  

o f A 2  w as re ta in ed  fo r  m e a s u re m e n t  o f  its  a b so rp t io n  cu rve  and 

d is tr ib u tio n  c o e ff ic ie n ts  an d  A 2  w as ob ta in ed  asca y e llo w  o i l  by 

e th er  e x tr a c t io n  o f  the r e m a in d e r  . T h e  a b s o rp t io n  cu rv e  o f  A2
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waa a lm o s t  id e n tica l w ith  that o f  H M F  and o f  com p ou n d  B 

(figu re 3 6 , p  .114 ) and its  p a r t it io n  c o e f f ic ie n ts  fo r  the sy s te m s  

0 ,3N h y d r o c h lo r ic  a c id  and c h lo r o fo r m , and 0 .3 N  h y d r o c h lo r ic  

acid  and e th e r  w e r e  0 .28  an d  0 .23 r e s p e c t iv e ly  at 17^C . ? r o m  

th ese  p ie c e s  o f e v id e n ce  and th e ir  p o s it io n s  o f  e lu tion  fr o m  the 

io n -e x ch a n g e  c o lu m n  it  s e e m e d  that com p ou n d s B and A 2  w ere  

the sa m e and th e ir  b e h a v io u r  on h y d r o ly s is  su p ported  th is v ie w .

C om poun ds B and A 2 w e r e  both  unchanged on  b o ilin g  in  

w ater fo r  t e n h o u r e ,  but w e r e  both  h y d r o ly s e d  b y  heating in  2N 

h y d r o ch lo r ic  a c id  (E x p t .  19 and 2 6 , pp ,159^167 In n e ith er  ca se  

was ^ u c o s a m in e  h y d r o c h lo r id e  fou nd  in  the h y d ro ly sa te  and during 

h y d ro ly s is  th e re  w as a ra p id  fa ll  in  the in ten s ity  o f  a b sorp tion  at 

284 m p .  The shape o f th e  a b s o r p t io n  cu rv e s  w as g re a tly  changed 

fro m  the o r ig in a l a fte r  h ea tin g  in  the a c id  so lu tion  fo r  th ree  hours 

and the fin a l cu rv e s  o f  the so lu t io n s  o f  the tw o com poun ds w e re  

s im i la r , O ther than a s l ig h t  in c r e a s e  in  in ten s ity  due to unavoidable 

c o n ce n tra tio n  o f th e  s o lu t io n s , th e r e  w as no change in  the a b sorp tion  

cu rv e s  o f  the aqu eous s o lu t io n s  a ft e r  s e v e r a l  h ou rs  h ea tin g , and 

w hen  th e s e  so lu tion s  w e r e  a p p lie d  to  the p re p a ra tiv e  ion -ex ch a n g e  

co lu m n , the u ltra  v io le t -a b s o r b in g  su b sta n ce s  w e re  eluted in  the 

sa m e p o s it io n s  as p r e v io u s ly .  T h e  a b s o rp t io n  cu rv e s  o f the aqueous 

so lu t io n  o f  com p ou n d  B b e fo r e  and a ft e r  h eatin g  and o f  the so lu tion  

o f  A 2  in  h y d r o c h lo r ic  a c id  a r e  sh ow n  in  f ig u re  36 (A  and B 

r espe c  tively)^ .

174
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I d e n t iR ^ ^ o n  o f  C om p ou n d  B and the H y d ro ly s is  P ro d u c ts  o f  

C om pound A

In s p ite  o i  th e ir  a p p a re n t b a s ic  b eh a v iou r  on  the r e s in  

colum n^ it n ow  s e e m e d  v e r y  p ro b a b le  that com pounds B and A2 

w e re  in ia c t  H M F j f o r  th e s e  th re e  com p ou n d s had  s im ila r  u lt ra ­

v io le t  a b s o r p h o n  c u r v e s  and p a r t it io n  c o e f f ic ie n ts  in the s y s te m , 

c h lo r o fo r m -a q u e o u s  h y d r o c h lo r ic  a c id .  T he u ltra v io le t  a b sorp tion  

cu rv es  o f  com p ou n d  B an d  A 2  w e r e  g re a tly  changed by  heating 

with a c id  ( f ig u re  36 B ) and  it  has b een  r e p o r te d  that HM F is  c o n ­

v e rte d  to la e v u lin ic  a c id  b y  heating  w ith . F u rth e r ­

m ore^ if  the com p ou n d s h ad  b e e n  the p r e v io u s ly  p ostu la ted  S ch iff 

ba se  (p .  107 a c id  h y d r o ly s is  w ou ld  have fu rn ish e d  the aldehyde 

(a lthough  that m a y  have b e e n  d e s tro y e d  b y  the ac id  in th is ca se ) 

and the a m in e  h y d ro ch lo r id e ^  but the la tte r  w as n ot d e te c te d .

W hen  com p ou n d s B  an d  A 2  (both  ob ta in ed  fr o m  the a c id  eiuate 

fra ct io n s  by eth er e x tra c t io n ) w e re  exam in ed  by p a p er  ch ro m a to ­

graphy^ e a ch  sh ow ed  tw o sp o ts  a b so rb in g  u ltra v io le t  l ig h t .  In each 

case  the fa s te r  sp o t w as the m o r e  in ten se  an d  the valu es o f the 

tw o sp o ts  fr o m  each  com p ou n d  w e r e  0 .83 and 0 .78 . It has been  

r e p o r te d  that 5 -h y d ro x y m e th y I -2 -fu r fu r a ld e h y d e  m ay  be con verted

to 5 -c h lo r o m e th y l-2 - fu r fu r a ld e h y d e  by  trea tm en t with a so lu tion  o f
153 180h y d rog en  c h lo r id e  in e th er   ̂ , and it is  th e re fo re  quite p rooa b le

that th e  tw o  com p on en ts  o f  the so lu tion s  o f  com poun ds B and A 2  w e re  

the 5 -h y d ro x y m e th y l and 5 -c h lo r o m e th y l  d e r iv a t iv e s  of fu rfu ra ldeh yde
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Fi^^re34 Figure 35

3̂  ̂ U ltraviolet photograph o f chromatogram o f compound B samples: 
Aj extracted fr^n ac:ul eluate; B, extracted from neutral solution (A2); 

extracted from eluate a fter neutralisation.

Fic^^^ U ltraviolet photograph o f chromatogram o f  samples o f  compounds
A2, and MiF. D is  compound E is  K-IF, and F i s  compound A2.
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V ĝ;o ^
O
^  ooii:
g ^
S

o ^

- c
<  -H

-§to tt!
> w
!HO 1! ^  
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gave th ree  sp ots  ea ch  having an value o f 0 .78 . This photograph 

is  illu stra ted  in  fig u re  3 5 , and id en tica lly  situated spots w e re  

obtained on stain ing w ith a n ilin e  hydrogen  phthalate .

T h e  u ltra v io le t  a b so rp t io n  cu rv e  o f a so lu tion  of HMF was 

obtained (fig u re  36 C) and w as v irtu a lly  id en tica l with those o f 

com pounds B and A 2  . The a b sorp tion  cu rve  o f a solu tion  of 

laevu lin ic  a c id  w as m e a su re d  (E x p t. 30, p .  171 ) and is  included 

with that o f the H M F s o lu t io n . T h ese  tw o cu rves  m ay be c o m ­

p a red  w ith th ose  o f com poun d  A.2 b e fo re  and a fter heating with 2N 

h y d ro ch lo r ic  a c id  ( f ig u re  36 B ) and although the cu rve  o f  A2 a fter 

h y d ro ly s is  is  not id e n tica l with that o f laevu lin ic  a c id , it does have 

a s im ila r ly  situated  p ea k  and is  con sisten t with the degradation  of 

HMF to  la ev u lin ic  a c id .

A  co n s id e ra b le  am ount o f ev id en ce  thus indicated that c o m ­

pounds B and A 2  w e re  H M F and this was con firm ed  by the 

p rep a ra tion  o f the 2 :4 -d in itrop h en y lh yd razon es o f the three 

m a te r ia ls  (E x p t , 28 , p . l 6 9  ) .  A l l  th ree  d eriva tives  had s im ilar 

m eltin g  poin ts and that o f  the HM F and com pound B derivatives 

w as u n d e p re sse d  on m ix in g  the tw o . It was th ere fore  concluded 

that com poun ds B and A 2  w e re  both HM F .

T he iden tity  o f  com pound  A 3 , obtained on  h ydrolysis  o f 

com poun d  A  w ith  hot w a te r , was soon  esta b lish ed  as glucosam ine 

h y d ro ch lo r id e  (E x p t. 29 , p .  ) and it w as chrom atograph ica lly
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and io n o p h o re t ica lly  id e n tica l w ith A 5 w h ich  wa^L^prodnc^ed by

h y d ro ly s is  w ith  c o ld  w a te r  ( lo c  . c i t . )  . A  c ry s ta llin e  p rod u ct

w as ob ta in ed  fr o m  the acidic^, con cen tra ted  so lu tion  o f A 3 by the
167gra d u a l a d d ition  o f  a ce to n e  fo llow in g  the d e s cr ip t io n  o f G ar d e ll

T h is  m a te r ia l  had an  in fr a -r e d  sp ectru m  id en tica l w ith that o f
 ̂ 182 

a n  authentic s p e c im e n  o f  a -D -g lu c o s a m in e  h y d ro ch lo r id e  and

its s p e c i f i c  ro ta tion  w as +69*^ t The ca rb ob en zoxy  d eriv a tiv e  o f

th is su b sta n ce  had the s a m e  m eltin g  poin t as that o f  the c o r  r e s  ^

pond ing  d e r iv a t iv e  o f  g lu c o s a m in e  h y d ro ch lo r id e  and w as not de -

p r e s s e d  on  a d m ix tu re  w ith  the la tter^

C h rom a tog ra p h ic  an d  io n o p h o re t ic  an a lyses  o f  the neutral

su g a rs  fra c t io n s  fr o m  th e  h y d ro ly s is  o f  com poun d  A  in both hot

and c o ld  aqueous so lu tion s  (A1 and A4^ resp ective ly )^  $Lhowed

that n e ith er  w as h om o g e n e o u s  . T h ey  in d ica ted  that the m a jo r

co m p o n e n t in  each  ca s e  w as m a n n ose  and the a b sorp tion  curve

o f the c o lo u r e d  so lu tion  p ro d u ce d  in the o r c in o l-s u lp h u r ic  a cid

r e a c t io n  had the fo r m  ty p ic a l  o f  m a n n ose  as is  show n in  figu re  37

(E x p t . 25, p  . 164 )  .

The tw o ba tch es o f  m a te r ia l  w e r e  se p a ra te d  by preparative 

p a p e r  ch rom a tog ra p h y  (E x p t . 27^ p .  168 ) ^.nd tw o fra ction s  w ere  

ob ta in ed  in  each  ca s e  . O ne o f th ese  ( fr o m  each  m a te r ia l, i^ e .

A i and A 4 ) was ch ro m a to g ra p h ic  a lly  id en tica l with m annose and 

the o th e r , p r e s e n t  in m u ch  s m a lle r  quantity, had anR ^^ value o f 

0 .7 7  w h ich  is  that o f  g lu c o s e *  C ry s ta llin e  d e r iv a t iv e s  w ere  not



F igure  37. A b sorp tion  cu rves  in the orcinoi 
su lphuric acid  rea ction . A , compound A;
B , neutral su gars obtained from  compound A 
after h y d ro ly s is  with w a ter; C, compound C 

acid  h ydrolysa te .
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obtained ir o m  th e se  s lo w e r  m ov in g  com p on en ts , but in addition

to the ch ro m a to g ra p h ic  e v id e n ce , they w e re  ion op h oretica lly

the sa m e as g lu c o s e *  C ry s ta llin e  p -n itra n R id es  w e re  obtained

from  the other com p on en t o f  both A1 and A 4 , though in v e ry  low-

y ie ld  (3 m g .  fr o m  A l ,  and only a few  cry s ta ls  fr o m  A4) . Both
137had the sa m e m e lt in g  p o in t as the p -n itra n ilid e  o f m annose 

and that o f the d e r iv a t iv e  obtained fr o m  A1 w as not d ep ressed  

on m ixing  with an authentic s p e c im e n .

A n alysis  of C om pound A

The p ro p o r t io n  by w eigh t o f m an n ose to g lu cosam in e h y d ro ­

ch lo r id e  in  com pound  A  w as obtained by ca rry in g  out E lson -M orga n  

and o r c in o l-s u lp h u r ic  a c id  determ inations on a solu tion  o f com pound 

A  d ir e c t ly  as e luted  fr o m  the r e s in  co lu m n  {E x p t . 17, p .  155 ) 

and the r e s u lt  obta ined  w as 95:98 . T he th e o re tica l ra tio  o f  an 

eq u im olecu la r  m ix tu re  of m an n ose  and g lu cosam in e h ydroch loride  

is  95;113, and the e x p erim en ta l r e su lt  is su ffic ien tly  c lo s e  to this 

to  in fe r  that com pound  A  c o m p r is e s  equ im olecu la r p roportion s of 

th ese  tw o su gars  . The a b sorp tion  cu rve  of the co lou r  produced  in 

the E ls o n -M o rg a n  rea ction  w as m ea su red  and a peak was observed  

at 530 m̂ jL w hich  is  c h a ra c te r is t ic  o f  glucosam ine^^^, and the 

a b so rp t io ii  cu rv e  o f  the c o lo u r  d eveloped  in the o rc in o l-su lp h u ric  

a c id  r e a c t io n  su ggested  that m annose was p resen t as such  (see  

figu re  37)^ ra th e r  than as Ihe rea rra n ged  k etose  f o r m .
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F u rth e r  e v id e n ce  in  favour o f a g ly co sy la m in e  s tru ctu re

ra th er  than an A m a d o r i re a rra n g e m e n t p ro d u ct  w as adduced fro m

a n u m ber o f  c o lo u r  te s ts  (Expt^ 31, p . l 7 2  T h e l - a m i n o l -

d e o x y -2 -k e to s e  p ro d u ce d  b y  rea rra n g em en t o f  the g ly cosy la m in e

would d e c o lo u r is e  m eth y len e  b lu e and 2 :6 -d ich lo ro p h e n o lin d o - 
148 183phenol  ̂ , g iv e  a p ink  co lo u r  in the S e R w a n o fS t^ t  on  gentle

w a rm in g , and a ls o  g iv e  a r e d  s ta in  w ith n a p h th o re so rc in o l. C o m ­

pound A  gave n ega tive  r e a c t io n s  in a ll o f  th ese  tests  .

The in f r a - r e d  s p e c tru m  of com pound A  w as a lso  consisten t 

with the g ly co s y la m in e  fo r m , fo r  it did not con ta in  a peak due to

a ca rb o n y l grou p  w h ich  hag been  o b s e rv e d  in the in fr a -r e d  sp ectra
 ̂ 18^ of c e r ta in  A m a d o r i com p ou n d s

T he O r ig in  o f H M F , o r  C om poun d  B

A lthough  H M F can  be obtained  fr o m  a ld oh exoses  by  heating

in a c id  s o lu t io n s , the r e a c t io n  is v e r y  s lo w , but it is n orm ally
174ca ta ly se d  by the a d d ition  o f  am ino a c id s  , ft is  th ere fo re  

p o s s ib le  that the p ro d u ct io n  o f  HM F fr o m  com pound A  on boiling 

in  aqueous so lu t io n  co u ld  a r is e  by in te ra ct io n  o f  the m annose and 

g lu co sa m in e  h y d ro ch lo r id e  r e le a s e d  by h y d r o ly s is ,  as w e ll  as 

fr o m  com poun d  A  i t s e l f .

In o r d e r  to  d istin gu ish  betw een  th ese  tw o p o s s ib ilit ie s , 

aqueous so lu tion s  o f  com poun d  A , m a n n ose , g lu cosa m in e  h y d r o ­

c h lo r id e , and a m ix tu re  o f m annose and g lu cosa m in e  h yd roch lorid e  

w ere  p re p a re d  at s im ila r  con cen tra tion s  and w e re  re flu xed  for



F igure 38. Rate o f in c re a s e  in absorption  at 284 
on heating solutions o f: I , com pound A; n ,  mannose 
and g lucosam ine h y d ro ch lo r id e . III, glucosam ine 
h y d roch lo r id e ; IV , m a n n ose .
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severa l h o u r  a . S a m p le s  w e r e  p e n o d ic a l ly  w ithdraw n  fo r  

m easu rem en t o f  the a b s o r p t io n  at 284 m ^  and the a b sorp tion  cu rve  

of each so lu tion  w as m e a s u r e d  at the end o f  the heating p e r io d  

(E xpt. 34, p .  174 ) . T h e  ex tin ction  c o e ff ic ie n t  p e r  m g .  of 

g lucosam ine h y d r o c h lo r id e  (the co n ce n tra t io n  being determ ined  

by w eigh ing in  the c a s e  o f  so lu t io n s  con tain ing  the com pound its e lf , 

and by the E ls  o n -M o r g a n  a s s a y  in  the c a s e  o f  com pound  A ; the 

extinction  c o e f f ic ie n t  p e r  m g  . m a n n ose  w as u sed  in  the ca se  o f  

the m an n ose  so lu t io n ) was p lo tte d  aga in st t im e  fo r  each  solu tion  

and the rate o f in c r e a s e  in  the ca se  o f  com poun d  A  w as m uch 

grea ter than that o f  the s o lu t io n  o f  g lu co sa m in e  h ydroch loride  or  

the m ix tu re  o f  m a n n o se  and g lu co sa m in e  h y d ro ch lo r id e  . The rate 

of in c re a s e  fo r  the tw o  la tte r  so lu tion s  wasj^ ra th er su rp r is in g ly , 

v irtu a lly  the s a m e , and the so lu tion  contain ing on ly  m annose 

exhibited  h a rd ly  any in c r e a s e  in  a b s o r p t io n . The rate cu rves  

o f the fou r so lu t io n s  a r e  show n in  fig u re  3 8 .  In addition  to the 

higher ra te  o f  in c r e a s e  in  a b so rp tio n  at 284 m p , the ab sorp tion  

curves o f the h ea ted  so lu tion s  o f  com pou n d  A  and th ose  containing 

g lu cosa m in e  h y d r o ch lo r id e  have a d iffe re n t  f o r m , as can be seen  

fro m  fig u re  39 A , that o f  the com pound A  so lu tion  being the sam e 

as that o f  HM F (fig u re  36 C , p .  114 ) ,

T h ese  data a r e  good  ev id en ce  fo r  the p rod u ction  o f HMF by 

a d eg ra d a tion  o f  com poun d  A  i t s e l f ,  ra th er  than by in tera ction  o f 

its p r im a ry  h y d r o ly s is  p ro d u cts  . H M F w a s , h o w e v e r , obtained
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d ire ct ly  fro m  th e re a c t io n  m ixtu re  on ceBulose p o w d e r , as w ell 

a s  from  the d egra d ation  o f com pound A ,  and in the form er instance 

it m ay have been  fo rm e d  by the action  of heat on either m annose or 

g lu cosam in e  h y d ro ch lo r id e  in the dry  state .

C on tro l ex p erim en ts  w e re  th ere fo re  ca rr ie d  out in which 

ce llu lo se  p o w d e r  w as se p a ra te ly  s lu rr ie d  in solutions of m annose 

and g lu co sa m in e  h y d r o c h lo r id e , and the s lu rry  then fre e z e -d r ie d  

and heated in the u sual w ay (Expts . 32 and 33, p . 173 ) . The 

a b sorp tion  cu rv es  o f the aqueous eluates from  the ce llu lo se  a re  

shown in figu re  39 B . A lthough  the a b sorp tion  o f the solution  of 

the m annose a fter  heating cou ld  be attributed to H M F, the quantity 

was n eg lig ib le  when co m p a re d  w ith that obtained fro m  die reaction  

m ix tu re  o f m ann ose and g lu cosa m in e  h y d ro ch lo r id e , as is shown 

in T a b le  V II . The a b sorp tion  cu rve  o f the correspon d in g  solution

T a ble  VII

S u gar H eated on C e llu lose E

g lu cosam in e
2 .5hy d r o ch lo  r ide

Ma^nnose 0 .025

G lu cosa m in e  h y d roch lo r id e 0.06

D ev e lop m en t o f u ltra v io le t a b sorp tion  on heating M n o s e  
and glu^cosamine h y d roch lorid e  on ce llu lo se  at 100 C for  
l i  h ou rs  . E is  the extin ction  c o e ffic ie n t  o f the eluate 
contain ing i  m g .  o i g lu c c .a m in . h yd roch lorid e  (o r  m anno.e)

p e r  m l ^
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o i g lu cosa m in e  h yd ro  ch loride^  w h ich  is  a ls o  show n in figu re  39 

d iffe rs  fr o m  that o fH M F  and has the sa m e  fo rm  as the cu rve  

obtained fr o m  h eated  so lu tion s  o f g lu cosa m in e  h y d roch lo r id e  

(H gure 39 A ) . Again^ th ere  is  a la rge  quantitative d iffe re n ce  from  

the a b sorp tion  o f so lu tion s  obtained by heating the m ixtu re  o f  

m annose and g lu co sa m in e  h y d ro ch lo r id e  o n ce liu lo s e ^  G lucosam ine 

is  known to  u n d ergo  s e l f  con den sation  to  fo r m  substituted p yra zin es  

au d it is  p o s s ib le  that these^ o r  s im ila r  substances^, a re  resp on sib le  

fo r  the a b so rp tio n  o b s e rv e d  in  the so lu tion s  of glucosam ine h y d ro ­

ch lorid e  .

T h e HM F iso la te d  fr o m  the rea ction  m ixture w as thus shown 

to re su lt  fro m  the d eg ra d a tion  o f com pound A  rather than the d e ­

h yd ra tion  of m ann ose i t s e l f  during th e  heat trea tm en t. In order to 

a s ce r ta in  w hether H M F had its  o r ig in  in the m annose or glucosam ine 

m o ie t ie s  o f com pound re co u rse  w as m ade to an experim ent using 

is o t c p ic  ca rb on  (E x p t . 35^ p .  175 ) .
14T h e r e a c t io n  w as c a r r ie d  out in  the usual way using C 

g e n e ra lly  la b e lled  m annose and com pounds A and B w ere  isolated  

fro m  the m ix tu re ; B was rem ov ed  by ether ex tra ction  and A  was 

sep a ra ted  by ion -ex ch a n g e  ch rom a tog ra p h y . A  solu tion  o f  compound 

A  w as re ilu x e d  fo r  s e v e r a l  hours during w hich  the ch a ra cter is tic  

darkening and fo rm a tion  o f insolub le  brow n  m a te r ia l occurred^ and 

the g e n e ra tio n  o f  HM F w as ind icated  by the on set o f absorption  at 

284 m p,. P a p e r  ch ro m a to g ra m s  o f com pound B and the heated



B

F ig u re  40 . U ltra v io le t  p h o to g ra p h  (1) and a u to ra d ig ra p h  (2) o f .  
com p ou n d  B (sp o ts  B and C ) f r o m  a r e a c t io n  m ix tu re  u sin g  C 
rnaiM uise. Spot A is  a r e fe re ia ce  sarn p le  o f  HlViir.
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solution  o f  com p ou n d  A ,  ea ch  ca rry in g  a r e fe r e n c e  sa m p le  o f  

HMF^ w e re  d e v e lo p e d  and two spots having va lu es o f  0 .78 

w ere lo ca te d  on  ea ch  c h ro m a to g ra m , and w e r e  photographed  

using u lt ra v io le t  l i j ^ t .  A u tora d iog ra p h s  o f the two ch rom a togra m s 

w ere  se t  up and w hen  th e se  w ere  d ev e lop ed  sp ots  w e re  observed  

on the f i lm  c o rre s p o n d in g  e x a ctly  with the spots lo ca ted  by  u ltra ­

v io le t  p h otogra p h y  . T h e  a u tora d iog ra p h  and u ltra v io le t  photograph 

o f  the ch ro m a to g ra m  o f com poun d  B a re  re p ro d u ce d  in  figu re  4 0 .

T h e  H M F obtain ed  fr o m  both  the r e a c tio n  m ixtu re  and the 

d egra d a tion  o f  com pound  A w as th e r e fo r e  ra d ioa ctiv e  and m ust 

have b e e n  fo rm e d  fr o m  the m a n n ose ,a n d  not fr o m  the glucosam ine 

p a r t  o f  com p ou n d  A .

T h e  S tru ctu re  o f  C o m p o u n d ^

T h e  data co n ce rn in g  com p ou n d  A  m a y  now be su m m arised  .

It is  fo rm e d  by con d en sa tion  o f  the a ldehydic group o f  m annose 

w ith the am ino group o f  g lu cosa m in e  h y d ro ch lo r id e , f o r  unless 

th e s e  two fu n ction a l grou ps are  a v a ila b le  the com pound is  not 

o b ta in e d . It c o m p r is e s  eq u im olecu la r  quantities o f m annose and 

g lu co sa m in e  h y d r o ch lo r id e , and its ease o f  h y d r o ly s is , and the 

com pounds fu rn ish ed  on h y d ro ly s is  w ith  co ld  w ater {p r in c ip a l^  

m a n n ose  and g lu cosa m in e  h y d ro ch lo r id e ), a re  indicative o f a 

g ly c o s y la m in e  s tru ctu re  . C o lou r  rea ction s  favour a g lycosy lam in e 

rather than an  A m a d or i r e a r  rang eiment com pound o r  a S ch iff base 

(the la tte r  w ould  not r e a c t  w ith n inhydrin  o r  the E lson -M orga n
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reagent) . In b o il in g  w ater^ the h y d ro ly s is  w as a ccom p a n ied  by

the p ro d u ct io n  o i  H M F and b y  the d eve lop m en t o f a brow n  co lo u r

and eventual p re c ip ita t io n  o f  m elan oid in s  . T he in fr a -r e d  sp ectru m

show ed that com pou n d  A  did  not con ta in  a ca rb on y l grou p , w hereas

a peak at about 1720 c m .^  in  the sp e ctra  o f som e  A m a d o r i c o m -
184pounds has been  a ttr ib u ted  to  this fu n ction a l group

The on ly  s a t is fa c to r y  in terp reta tion  o f  th ese  data is  that 

com pound A  is  a g ly co s y la m in e  , P ro d u ctio n  o f  HM F and m elanoidins 

fro m  this m o le c u le  r e q u ir e s  an A m a d o r i rea rra n gem en t to fo rm  

l -d e o x y - l -g lu c o s a m in e  fr u c to s e  . The co lo u r  tests  fo r  this cM ss 

o f  com poun d  w ere ap p lied  during  and a fte r  the heating o f com pound 

A , as w e ll as in it ia lly , bu t no in d ica tion s  of the fo rm a tion  of an 

A m a d o r i com poun d , o r  o f  the p r e s e n c e  o f fru c to se  (by  ch rom a to ­

graphy and stain ing w ith n ap h th oresorcin o l^  w e re  ob ta in ed . It 

w ou ld  th e r e fo r e  a p p ea r  that the A m a d o r i com pound is dehydrated 

as f a s t a s  it is  fo rm e d  to  g iv e  the S ch iff  b a se  o f g lu cosam in e and 

H M F , w h ich  in tu rn  is  h y d ro ly se d  to  g lu cosa m in e  and HMF it s e l f .  

The m utual p re s e n c e  o f  H M F and g lu cosa m in e  (e ith er  the base or 

its h y d ro ch lo r id e )  w ould  be expected  to p rom ote  brownng and 

m ela n o id in  fo rm a tio n  w hich  cou ld  p r o c e e d  through the various 

pathw ays a lre a d y  outlined  (pages 84 to  88 ,  and figu re  2 6 ).

U n equ ivoca l p r o o f  o f the s tru ctu re  o f  a substance as lab ile  

as com p ou n d  A is  d ifficu lt  i f  not v ir tu a lly  im p o s s ib le  to  obtain , 

fo r  the u su a l a p p roa ch es  em ploy in g  ox id a tion , red u ction , and
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m ethylation  ca n n ot be u sed  s in ce  they w ould  b e  c a r r ie d  out

on a m ix tu re  o f  com p ou n d  A  an d  its h y d r o ly s is  p rod u cts  .

S im ila r ly , o p t ica l  ro ta t io n  stu d ies would n eed  ca re fu l in te r -
138pretation^ a s  has b e e n  p o in ted  out b y  B a rc la y  et a l .   ̂ fo r  

the s p e c ie s  u n d er ex a m in a tion  is  con stan tly  ch a n g in g . N e v e r ­

theless^  the in fo rm a tio n  d e r iv e d  fr o m  h y d ro ly s is  and degradation  

is su fficient^  w hen  c o n s id e r e d  in con ju n ction  w ith supplem entary 

in fo rm a tion  fr o m  c o lo u r  r e a c t io n s ,  to  enable a stru ctu re  to be 

a ss ign ed  w ith  r e a s o n a b le  c o n f id e n c e .

T h e s tru c tu re  su g g e s te d  fo r  com poun d  A  is N ^m annopyranosyl- 

g lu cosa m in e  h y d r o c h lo r id e .  S in ce  the com p ou n d  is  not a S ch iff 

b a se , the h e m i-a c e ta l  fo r m  o f  m a n n ose  m ust be involved  and the 

p y ra n ose  fo r m  is m o r e  p r o b a b le  than the fu ra n ose  ring . In con - 

ju nction  with^ithe r e la t iv e ly  h igh  p o s it iv e  s p e c i f ic  rota tion  o f 

g lu co sa m in e  h y d ro ch lo r id e  (+69^) an d  the low  p o s it iv e  value fo r  

m ann ose (+14^), the n e g lig ib le  rota tion  o f the g ly cosy la m in e  is 

ind icative o f  the ^ -co n fig u ra t io n  o f the g ly c o s id ic  lin k a g e .

The seq u en ce  o f  r e a c t io n s  in v o lv ed  in the fo rm a tion  and 

d e g ra d a tio n  o f  com p ou n d  A  is in clu d ed  in  fig u re  43 .

C om pound C , Its F o r m a t io n  and P r o p e r t ie s

H eating o f  the m a n n o s e -g lu co s a m in e  h y d ro ch lo r id e  reaction  

m ix tu re  a t te m p e ra tu re s  in  e x ce s s  o f  120^ C has been  shown to 

p ro d u ce  a m u lt ip lic ity  o f  p ro d u cts  (p . 92 ŝ î d fro m  one p rep a ra tion
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which had inadvertantly  been  heated at 120^C for  three hours^ the 

fra ct io n s  eluted fr o m  the ion -exch an ge colum n in the position  

n orm ally  o ccu p ie d  by com pound A  w ere  found to  com p rise  two co m ­

ponents (E x p t . 36, p^ 177 ) . One o f these was the now w ell-know n 

com pound A , o r  N ^m annosyl g lu cosam in e , but the other m oved 

m uch m o r e  s low ly  on p a p er chrom atography, having and 

values o f  0 .14 and 0.28^ r e s p e c t iv e ly . The new compound^ which 

w as nam ed com pound w as not re so lv e d  fro m  com pound A  by 

ion op h ores is  un less the experim en t was prolon ged  for a lm ost 

tw ice  the n orm al length o f  hm e .  Com pound C was then observed  

to have m o v e d  s ligh tly  fa s te r  than com pound A , th eir  respective

valu es being 0 .6 9  and 0 .5 9 .

W hen an aqueous so lu tion  containing compounds A  and C 

was heated^ ch rom atograph ic  analysis showed the expected gradual 

d ecom p os ition  o f  com pound A , but com pound C appeared to be quite 

sta b le  . T h is at once su ggested  a m ethod for the separation  of the 

two com poun ds, o r  ra th er the r e co v e ry  o f com pound for  i f  the 

so lu tion  w as b o iled  until the g lycoey lam in e  (com pound A) was co m ­

p le te ly  degraded^ the new m ixture which resu lted  could be reso lved  

b y  io n -e x ch a n g e  chrom atography . The p roced u re  outlined was 

fo llow ed  (E x p t . 37, 178  ̂ and the h yd ro lysis  of compound A  was

fo llow ed  ion op h oretica lly  and ch rom atograph ica lly  . A  chrom atogram  

o f sa m p les rem ov ed  during the f ir s t  s ix  hours is shown in figure 41, 

and a fter  tw elve hours the rem ova l o f com pound A  was virtually
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c o m p le te . S eparation  o f the com ponents of:th is solution  on the 

ion -ex ch a n g e  ch rom a togra p h y  colum n afioTded a  sam ple o f 

com pound C w h ich  was ch rom a togra p h ica lly  and ionophoretically  

p u re  .

Th^ sta b ility  o f  com pound C in  aqueous solution^ together 

w ith  its  ch rom a tog ra p h ic  and ion oph oretic  behaviour suggested 

an  O -lin k ed  d isa cch a r id e  and a p re lim in a ry  exam ination o f the 

p ro p e r t ie s  o f  the com pound was m ade by treating it on paper 

ch rom a tog ra m s with a num ber o f spray  reagents . P ositive  

rea ction s  w ere  obtained  with aniline hydrogen  phthalate^ alkaline 

s i lv e r  nitrate^ n ih h#drin , the E lson -M orga n  reagent^ and alkaline 

triph en yltetrazoU um  ch lo r id e , but not with n aph th oresorcin ol.

The rea ction s  with n inhydrin  and the E lson -M orga n  reagent p r e ­

clu de a S ch iff b a se  s tru ctu re , and rea ction  with the E lso n -

M organ  reagen t a ls o  req u ires  that the atom  o f glucosam ine
185is unsubstituted . S ince it reacts  with aniline hydrogen 

phthalate, com pound C is  a reducing su gar, and reaction  with 

the tr iph en y ltetra zo liu m  ch lorid e  reagent s ign ifies  that the 

h y d ro x y l group ad jacen t to the reducing group is  unsubstituted 

F a ilu re  to  r e a c t  with n ap h th oresorcin o l ru les out a keto 

s tru ctu re  and this is  su pported  by the absence o f  a peak in 

the re g io n  o f  1720 c m .^  in the infra **red spectrum ^^^.

186
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Figure ^2. Chromatogram o f  compound C hydrolysate .
A, r e fe re n ce  samples o f  mannose and glucosam ine ]^^i^x±d^aude;
B, h ydrolysa te  o f  compound C; C, compound C
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A lthough  it w as quite stab le  in boilin g  water^ com pound C 

was fou n d  to be  c o m p le te ly  h y d ro ly sed  on reflu x in g  in 2N h y d ro ­

c h lo r ic  a c id  fo r  th ree  h o u r s (  E :q )t . 38 , p .  ^8o ) 3^nd the h ydrolysa te  

w as c o lo u r le s s  and had  n e g lig ib le  a b sorp tion  at 284 m p* C h rom a­

to g ra p h ic  a n a ly s is  sh ow ed  that the h y d ro ly sa te  contained only 

m a n n ose  and g lu co sa m in e  h y d ro ch lo r id e  (fig u re  42) and the 

p ro p o r t io n  b y  w eigh t o f  the fo r m e r  to  the la tte r , as determ ined  

b y  the o r c in o l-s u lp h u r ic  a c id  and E lson -M org a n  reaction s was 

6 4 :7 2 . T he a b so rp t io n  cu rv e  o f  the c o lo u r  developed  in the E lso n - 

M org a n  re a c t io n  had a p ea k  a t 530 m p , ch a ra cte r is t ic  o f  g lu c o s ­

a m in e , and  that o f  the so lu tion  in  the orc in o l-su 3 p h u ric  a c id  reaction  

w as c h a r a c te r is t ic  o f  m ann ose (fig u re  37 , p .  116

A n  attem pt was m ade to m ea su re  the m o lecu la r  w eight o f

com p ou n d  C b y  ox id a tion  w ith  an a lka lin e  solu tion  o f scd im n
187h y p o io d ite  (E xpt . 40 , p .l8 2  ) but e rron eou s ly  low  values w ere

obta in ed  w hen  ox id a tion s w e re  p a rr ie d  out at ro o m  tem perature

(tw o h o u r s )  and at 5 °C  (tw en ty -fou r  h ou rs) . These values (2 3 2 '

and 208 , r e s p e c t iv e ly )  m ost p ro b a b ly  resu lt fro m  ov er-ox id a tion
188o f  the am in o  g ro tp , fo r  Jea n loz  and F o r c h ie l l i  have show n that 

s d u t io iis  of g lu co sa m in e  a re  v ery  p ron e  to  o v e r -o x id a tio n  in  this 

r e a c t io n , even at 5^C . C onditions of oxidant con cen tra tion  and 

t im e  o f  r e a c t io n  have a g re a t  in fluence on the extent o f  the oxidation 

and need ca re fu l ca lib ra t io n  b e fo r e  s ign ifican t resu lts  can b e
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obta in ed , and in  th is c a s e  in su ffic ien t m a te r ia l was a va ila b le  

fo r  the p re p a ra t io n  o f  th e se  data . The exp erim en t th e re fo re  

on ly  in d ica te d  that com poun d  C w as a redu cin g  suga r , and was 

not a m o n o s a cc h a r id e  .

A  g ra n u la r  p r e c ip ita te  o f  com pound C w as obtained by the 

add ition  o f  a c e to n e  to an aqueous so lu tion  (ETq^t. 39 , p .  181 ) ,  

but th e  m a te r ia l  w as v e r y  h y g r o s c o p ic  . E lem en ta l an a lysis  of 

the a m orp h ou s  m a te r ia l  sh ow ed ; C , 36 .46 ; H , 6 .53 ; N , 4  ,05; 

an d  that r e q u ir e d  f o r  is  C , 37 .19; H , 6 .21; N , 3 .62 .

T h e  S tru ctu re  o f  C om pou n d  C

T h e o b s e rv e d  r a t io  b y  w eigh t o f m ann ose to  g lucosam ine 

h y d ro ch lo r id e  in  the h y d ro ly s a te  o f  com poun d  C (64 :72) com p a res  

fa v o u ra b ly  w ith  the th e o r e t ic a l  ra tio  o f  64 ;79 fo r  a m ix tu re  

con ta in ing  e q u im o le cu la r  p ro p o r t io n s  o f  the two su gars . Its 

s ta b ility  in  w a ter  and ease  o f  h y d ro ly s is  w ith a c id , w hich is not 

a c co m p a n ie d  b y  a b row n in g  r e a c t io n , in d ica te  that com pound C is 

an  O -g ly c o s id e  and n ot an N -g ly c o s id e .  R ea ction  with an ilin e  

h y d ro g e n  phtha late and ox id a tion  b y  sod iu m  h yp o iod ite  show that 

it is  a red u cin g  su g a r  and  it  c o m p r is e s  eq u im olecu la r  p rop ortion s  

o f  m anno&e and g lu co sa m in e  h y d ro ch lo r id e  . Its ^  value o f 

0 .69 ctnd v a lu e  o f  0 .28  supportt-the fo rm u la tion  o f com pound C

as a d is a c c h a r id e  o f  m a n n ose  and g lu co sa m in e  h y d r o ch lo r id e . A  

h ig h er  s a c c h a r id e ,  w h ich  w ou ld  need  to  be  at least a te tra sa cch a r id e .
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is  veTy im p ro b a b le  f o r  th is w ould  have a m o le c u la r  w eight

o f  about 700 and o v e r -o x id a t io n  w ith  sod iu m  h ypoiod ite  does

not n o rm a lly  p r o c e e d  to the extent o f  consu m ing  m o re  than two
188m o le s  o f  ox id a n t w hen c a r r ie d  out a t low  tem p era tu res

S ev en  O -g ly c o s id e  s tru ctu re s  m a y  be w ritten  a

redu cin g  d is a c c h a r id e  con ta in ing  m annose and g lu cosam in e

h y d r o ch lo r id e #  F o llo w in g  the n om en cla& ire  recom m en d a tion s
189o f  The C h e m ica l S o c ie ty   ̂ th ese  are  the h y d ro ch lo r id e s  o f  3-^

4 - ,  and 6 -0 -D ^ m a n n o s y l -2 -a m in o -2 -d e o x y -D -g lu c o s e ^  and 2 - ,

3 - ,  4 - ,  and 6 -0 - (2 -a m in o -2 "d e o x y -D -g lu c o s y l) " D " m a n n o s e ^

S e v e r a l  o f  th ese  p o s s ib i l i t ie s  w e r e  e lim in ated  by  con s id era tion

o f  the re a c tio n  w ith  the F ls o n -M o rg a n  rea g en ts  D eriv a tiv es  of

gLucosam ine in  w hich  the g ly c o s id ic  gro^^^ is  b locked d o  not give

th is  r e a c t io n , and su bstitu tion  o f the C^ h y d rox y l grou p  o f

g lu co s a m in e  resu lts  in  a sh ift o f  the a b so rp tio n  peak fro m  530 
185to  510 m p  , T h u s , none o f  the fo u r  2 -a m in o -2 -d e o x y * D -g lu c o s y l-  

_ g -m a n n o se  s tru ctu re s  is  p e rm itte d  and th is in terp re ta tion  o f the 

E ls  o n -M o r g a n  r e a c t io n  is  su p p orted  by the ea se  o f a c id  h y d ro ly s is  

f o r  the p r o x im ity  o f an am in o group  on w ould g rea tly  h inder 

a c id ic  h y d r o ly s is  o f  a g ly c o s id e   ̂ # The a b sorp tion  cu rv e  o f

the c o lo u r e d  so lu tion  fu rn ish ed  b y  com poun d  C in  the E lson -M org a n  

r e a c t io n  had a p ea k  at 530 m p , and not at 510 m p  as w ou ld  be the
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ca&e vdth  3 -0 -m 3 .n n o s y l -2 -a n a in o -2 - d e o x y -g lu c o s e .

O n ly  tw o  o f  th e  s e v e n  s t r u c t u r e s  r e m a in  and th e se  a re  

the h y d r o c h lo r id e s  o f  4 - ,  and 6 - 0 - m a n n o s y l - 2 - a m in o - 2 - d e o x y -  

g lu cose  w h ich  a r e  fo r m u la t e d  b e lo w  as l a n d  I I , r e s p e c t iv e ly .

CÊ OB CEgOH

' ' NBg BCl
II HCl

T h ese  tw o  s t r u c t u r e s  c o u ld  b e  d if fe r e n t ia te d  b y  th e ir  b e h a v io u r  

on  O3cidation w ith  so d iu m  m e t a p e r io d a t e ,  fo r  I  w ou ld  be e x p e cte d  

to  a b s o r b  f o u r  m o le s  o f  p e r io d a t e  and r e le a s e  tw o m o le s  o f  f o r m ic  

a c id  p e r  m o le  o f  the s u g a r ,  w h e r e a s  II w ou ld  a b s o r b  fiv e  m o le s  

o f  p e r io d a te  W ith the p r o d u c t io n  o f  th r e e  m o le s  o f  f o r m ic  a c id , 

p e r  m o le  o f  th e  s u g a r . O x id a t io n  o f  com p ou n d  C w ith  a s o lu ­

t io n  o f  so d iu m  m e t a p e r io d a t e  w a s  c a r r ie d  out at r o o m  te m p e r a ­

ture (E x p t. 4 1 , p . 183) and a f t e r  fo u r  h o u r s ,  4 . 2 m o le s  o f  

p e r io d a te  had b e e n  a b s o r b e d  and 2 .  1 m o le s  o f  f o r m ic  a c id  

r e le a s e d .  T h is  r e s u lt  i s  c l o s e r  t o  that e x p e c te d  fr o m  

s tr u c tu r e  I  than to  th a t  f r o m  s tr u c tu r e  II , but the s ign iH can t

p o in t is  that i t  is  s l ig h t ly  g r e a t e r  than  the t h e o r e t ic a l  va lu e
188f o r  s t r u c tu r e  I ,  f o r  Jean lo&  and F o r c h ie l l i  h ave  show n that 

the c o n s u m p tio n  o f  p e r io d a te  b y  g lu c o s a m in e  and  its  d e r iv a t iv e s  

is  a  c o m p le x  fu n c t io n  o f  r e a c t io n  c o n d it io n s , and the lo w e r in g  

o f  pH  a tte n d in g  the r e le a s e  o f  f o r m ic  a c id  in  u n b u ffered  so lu ­

tio n s  r e t a r d s  the o x id a t io n  s o  that the e x p e r im e n ta l  va lu e  w ould
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be e x p ected  to  be som ew h a t lo w e r  than the th e o re t ica l. A  

con tro l e x p e r im e n t w ith  g lu co sa m in e  h y d ro ch lo r id e  gave low er  

va lu es than the th e o r e t ic a l  f o r  both  p e r io d a te  uptake (4. 5 m o le s  

co m p a re d  w ith  5 . 0) and f o r m ic  a c id  r e le a s e  ( 3 .4  m o le s  c o m ­

p ared  w ith  4 .0 ) ,  a fte r  fo u r  h o u r s . It th e re fo re  appeared  v e r y  

p rob a b le  that the e x p e r im e n ta l va lu es  fo r  com pound C w ere  a ls o  

lo w e r  than the t h e o r e t ic a l ,  in  w h ich  ca s e  th ey  fa v ou r  stru ctu re  II 

ra th er than s tru ctu re  I ,  f o r  the la tte r  w ou ld  have shown a 

p e r io d a te  uptake and f o r m ic  a c id  r e le a s e  a p p re c ia b ly  le s s  than 

4 .0  and 2 .0  m o le s ,  r e s p e c t iv e ly ,  p e r  m o le  o f  su gar.

S tru ctu re  n  w as t h e r e fo r e  te n ta tiv e ly  a ss ig n ed  to the d is a c c ­

h a r id e  and its  s p e c i f ic  ro ta t io n  o f  +55*^ su g g ests  the p re se n ce  o f an 

a -g ly c o s id i c  lin k a g e , fo r  the s p e c i f i c  eq u ilib riu m  rotation s o f  m annose 

and g lu co sa m in e  h y d ro ch lo r id e  a r e ,  r e s p e c t iv e ly , +14° a n d + 7 1 °. It 

m a y  be n oted  that 6 -0 -D -m a n n o p y r a n o s y l-2 -a m in o -2 -d e o x y -D -  

g lu co p y ra n o s e  is  a  m o r e  p rob a b le  p rod u ct than the 4-O -D -m anrLO- 

p y ra n o s y l is o m e r  i f  the d is a cch a r id e  fo rm a tio n  in volved  an anhydro 

su ga r  in te rm e d ia te  in  a m a n n er an a logou s with that o f  the ch em ica l 

sy n th e s is  o f  o l ig o s a c c h a r id e s  r e p o r te d  b y  Haq and W helan.

C o n c lu s io n

A lth ou gh  th ere  a p p e a rs  to  be no re a c tio n  betw een m annose 

and g lu co sa m in e  h y d ro ch lo r id e  in  aqueous so lu tion , even  when 

re flu x e d  f o r  s e v e r a l  h o u r s , a co m p le x  m ix tu re  o f  p rod u cts  is  

obta in ed  w hen the tw o s u g a r s  a re  heated  togeth er  in  the m olten  

sta te . H eat trea tm en t in  the d r y  state m a y  be con tro lled  i f  the
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Teactant su g a rs  a r e  su p p orted  on ce llu lose^  w hich  is conveniently 

done b y  fr e e z e -d r y in g  a  s lu r ry  o f  c e llu lo se  pow der in a solution  

o f  the su ga rs  . W hen the r e a c tio n  is ca r r ie d  out at tem peratures 

not e x ceed in g  lOO^C^ N -m a n n osy l g lu cosa m in e  and one o f  its 

d eg ra d a tion  p ro d u c ts , H M F , are obta in ed , but at sligh tly  h igher 

te m p e ra tu re s  (IZC^C) an  O -m a n n osy l g lu cosam in e  is  obtained in 

ad d ition  to  the p rod u cts  fo rm ed  at the low er  tem perature . A 

seq u en ce  o f rea ction s  tie lieved  to be involved  in these p ro ce s s e s  

is  su m m a rise d  in the s c h e m e  shown in figure 43  ̂ The y ields o f  

the p rod u cts  w ^ ^ v e ry  lo w , that o f  the g ly cosy la m in e  being about 

2 to  3% o f  die th e o re t ica l  ( la r g e r  quantities m a y  be fo rm ed  but 

d e co m p o s e d  during ex tra ction ) and that o f  the O -m annosyl 

g lq ^ osa m in e  being about 1% of the m axim um  th eore tica l y ie ld .

F o rm a t io n  o f  the g ly cosy ia m in e  is  a ccom p an ied  by its 

d eg ra d a tion  in  a brow ning reaction  seq u en ce , fo r  HMF is obtained 

fro m  the r e a c t io n  p rod u cts  and the so lu tion  o f  p rodu cts (at the sam e 

co n ce n tra tio n ) fro m  the rea ction  at 1 0 0 is golden  brown in  co lour 

w h ils t  that fr o m  the r e a c t io n  at 120^C is a dark red d ish -b row n .

T he s ig n ifica n ce  o f  the g ly cosy la m in e  form a tion  m ay be o f little  

m o r e  than  a ca d e m ic  in te re s t  in  the ch em istry  o f  browning p ro ce sse s  

in  n atu ra l p r o d u c ts , but it  m ust be constantly  born e  in  m ind vhen  

a n a lysin g  m ix tu res  o r  h y d ro ly sa tes  containing am in o sugars (o r  

o th er  a m in o  com poun ds) and reducing  sugars by paper ch rom a to­

g ra p h y , o r  io n o p h o re s is , fo r  unless heat treatm ent is avoided these 

p rod u cts  m ay  a r is e  as a rte fa cts  .
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T h e  B eh a v iou r  o f S o m e  Aldehy^des on  a Su)phoii9.ted P o ly sty ren e  

R e s in

CoiiYpouj3,d B w as i i r s t  obtaiited in the eluate fro m  io n - 

exch ange ch rom a tog ra p h y  and w as eluted  fro m  the co lu m n  in 

the fra ct io n s  im m e d ia te ly  p re ce d in g  com pound A  w hich  was 

known to be b a s ic  (f ig u re  33 , p  . 103 ) .  The assum ption  that 

com pou n d  B w as a ls o  basl^c th e re fo re  seem ed  reason ab le  and 

a S c h if f  b a se  o f  HM F and g lu co sa m in e  w as su sp ected , but the 

com p ou n d  w a s  la te r  shown to  b e  H M F .

T he ra th er su rp r is in g  beh aviou r o f HMF on the re s in  

co lu m n  ca n  b e  exp la in ed  by eith er o f  two p r o c e s s e s  . The c o m ­

pound cou ld  in fa c t  b e  exh ib iting  tru e b a s ic  p ro p e r t ie s  in the 

stron g  a c id  so lu t io n  u sed  (0^3N ), p o s s ib ly  by  the form ation  of 

an  oxon iu in  io n , o r  the retention  o f the HMF on the colum n 

co u ld  b e  due to so m e  oth er m ech a n ism  o f in teraction  with the 

r e s in .  No evidence o f  b a s ic  beh aviou r w as obtained fro m  the 

io n o p h o re s is  o f  H M F in  0 .75M  fo rm a te  bu ffer  at pH 2 .

In o rd e r  to d iffe ren tia te  betw een these tw o p o s s ib ilit ie s , 

ex p erim en ts  w ere  c a r r ie d  out using two other aldehydes (Expt* 

^4, P -164 ) -  A  so lu tion  o f  fu rfura ldehyde in  0 ^3N h y d roch loric  

a c id  w as ap p lied  to the io n -e x ch a n g e  chrom atography colum n 

and was reta in ed  by the co lu m n  slightLy lon g er  than was H M F . 

F u rfu ra ld eh yd e  and H M F a r e  s tru ctu ra lly  s im ila r  and both
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co u ld  p o s s ib ly  behave as a w eak  b a s e , but a n o n -h e te ro cy c lic  

a r o m a tic  a ldehyde cou ld  n o t .  A n  a ro m a tic  aldehyde was 

d e s ir a b le  i o r  its  e a s e  o f  d e te c t io n  in  the eluate fra c t io n s , but 

the c h o ic e  o f  a com p ou n d  w as g ov ern ed  la r g e ly  by  so lu b ility  

in  an  aqueous sy s te m  . A  satu rated  so lu tion  o f  sa licy la ld eh yd e  

in  0 .3N  h y d r o c h lo r ic  a c id  was found to be su itable and the 

a ldeh yde w as v e r y  f i r m ly  h eld  by the r e s in , bein g  eluted in 

fra c t io n s  300 to  3 3 0 . T h is  su g g ests  v ery  stron g ly  that the 

re ten tion  o f  the a ld eh yd es on  the co lu m n  is due to  som e  in te r ­

a c t io n  o f  the aldehyde g rou p  w ith the r e s in , rather than the 

io n ic  lin k age o f  a b a se  w ith  the an ion ic  r e s in . F u rth er  support 

o f  an  a ld eh y d e -g rou p  -  r e s in  in te ra ction  w as obtained when iono 

p h o r e s is  o f  the th ree  a ldehydes in 0 .3H  h y d r o ch lo r ic  a c id  fa iled  

to  p ro v id e  any ev id en ce  fo r  their beh aviou r as b a s e s .

T h e fo rm a tio n  o f b isu lph ite addition com pounds by

a ld eh y d es  is  w e ll know n, and th ese  d er iv a tiv es  a re  furn ished
192by  fu rfu ra ld eh yd e  , a lthough they a re  unstable in  aqueous 

so lu t io n  and an eq u ilib r iu m  m iicture is  estab lished  be low  pH 5 

B y  an a logy  w ith th is  r e a c t io n , the in tera ction  with the resin

193

RCH O + NaHSO 3

RCH O + R 'S O -O H  —

RCHOHSO^ONa

RCHOHSO^R'

co u ld  be a ttrib u ted  to  the fo rm a tion  o f  a w eak add ition  com pound 

w ith  the su lphon ic a c id  fu n ction  o f  the r e s in .  T he analogy is 

r e a d ily  s e e n  fr o m  the a b ov e  equations .
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I f th is m e d ia .n ism  is  cornrect^ the rea ction  should occu r  

w ith a l l  a ld e h y d e s , an d  p ro v id e d  that an  adduct has a suitable 

in s ta b ility  con sta n t in  the a c id  so lu tion , it could be eluted from  

the io n -e x c h a n g e  r e s in  in  a u se fu l fr a c t io n  range . C alibration  

o f a r e s in  co lu m n  w ith  a num ber o f  known aldehydes w ould then 

be p o s s ib le  and a v e r y  u se fu l new m ethod  fo r  d^e reso lu tion  o f 

m ix tu re s  o f  a ld e h y d e s , o r  o f  a ldehydes with neutral sugars such 

as a r e  fre q u e n tly  ob ta in ed  in  ca rb oh y d ra te  stu d ies , would be 

a v a ila b le  .
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E x p e r im e n ta l

1 . G e n e ra l M eth ods

A . P a p e r  C h rom a tog ra p h y

U n less  sta ted  to  the c o n tra ry , p a p er  ch rom a tog ra p h ic

se p a ra tio n s  iv e r e  e f fe c te d  on  W hatm an N o . 1 f i lte r  p a p e r , the

ch ro m a to g ra m s  b e in g  d e v e lo p e d , u su a lly  fo r  abouL 60 h ou rs ,

w ith  the o rg a n ic  p h a se  resu ltin g  fr o m  a m ix tu re  o f  n -bu tan ol,

e th a n o l, and w a te r  in  the p ro p o r t io n  4:1:5 . T he solu tions applied

to th e  p a p e r  w e r e  a llo w e d  to  d ry  w ithout the a p p lica tion  o f  heat ^

T h e  fo llow in g  rea g en ts  w e re  u sed  fo r  sta in ing the d ried

ch ro m a to g ra m s  .
194i) N in h ydrin  ,  fo r  com p ou n d s contain ing a p r im a ry  o r  secon d a ry  

a m in o  grou p  .
195ii)  E ls  o n -M o rg a n  rea g en t ,  fo r  g lu cosa m in e  and certa in  

d e r iv a t iv e s  ^
196iii )  A niU ne h yd rogen  phthalate ,  fo r  redu cin g  su gars .

iv ) A lk a lin e  s i lv e r  n itra te  , forris^ucing  su gars and sugar 

a lc o h o ls  .
195v) N a p h th o re so rc in o l , fo r  k e t o s e s .

198 197v i)  A lk a lin e  tr ip h en y lte tra zo liu m  ch lo r id e  reagen t  ̂ fo r  

v a r io u s  s u g a r s .

B . P a p e r  lo n o p h o re s is

Io n op h ore tic  a n a ly s is  was c a r r ie d  out on  s tr ip s  o f  Whatman
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N o. 3 f i lt e r  p a p e r  (u su a lly  57 x  11 c m . )  u sin g  0 .7 5 M  form a te

2 ), 0 .2^^  a ce ta te  o r  0 .1 2  b o ra te  (pH iO )ta tK er
85solutions in  an ap p a ra tu s d e s c r ib e d  by  F o s te r   ̂ A poten tia l

diE ierence c i  a b ou t 500 to  600 v o lts  ( i . e .  about 8 o r  9 v o l t s /c m .)  was

usually  a p p lied  f o r  4 h o u rs  . A fte r  dryings the ion op h oretogram s

w ere  tr e a te d  w ith  o n e  o f  the d e te c t io n  reagen ts p re v io u s ly  lis te d .

A ceta te  b u ffe r  w a s u se d  in  a l l  e x p erim en ts  w h e re  no statem ent

to the c o n tr a r y  is  m ade^ an d  so lu tion s  ap p lied  to  the p a p er  w ere

usually  a llo w e d  to  d ry  w ithou t the a p p lica tion  o f h e a t .

C . Io n -e x ch a n g e  C h rom a tog ra p h y

Z e o k a rb  2Z5 (200 to  400 m esh ) 4^% c r o s s - l in k e d  re s in

(su lph on ated  p o ly s ty re n e ) w as u sed  fo r  ch rom a tog ra p h ic  fraction s

as d e s c r ib e d  b y  C ru m p ton  , A  sm a ll  co lu m n  (43 c m . x  1 c m . )

w a s u s e d  fo r  a n a ly tica l p u r p o s e s , bu t a la r g e  co lu m n  o f resin
2(53 c r u . X 50 c m .  , 1 .8  o r  4 jUos.^ o f  re s in ) ivas em ployed

fo r  p re p a ra t iv e  sep a ra tion s^  The r e s in  w as ca re fu lly  w ashed before  

use by tw ice  i^i&ing through  the sod iu m  fo r m  with 2N sodium  

h y d ro x id e  so lu t io n  and regen era tin g  w ith 2N h y d ro ch lo r ic  a c id .  

B etw een  each  o f  th e se  p r o c e s s e s ,  the r e s in  was w ashed tw ice  with 

d is t il le d  w a ter  and w as fin a lly  w ash ed  th orough ly  with 0 .3N  h y d ro ­

c h lo r ic  a c id  w h ich  was the so lv en t in v a ria b ly  u sed  fo r  elution o f the 

cd tu m n s . E lu ate  fra c t io n s  (n o rm a lly  1 m l .  f r o m  the an a ly tica l 

co lu m n  an d  50  m i .  f r o m  the p re p a ra tiv e  co lu m n ) w ere  co lle c te d  

using an  au tom atic  fra c t io n  cutting m ach in e  w h ich ,w ork ed  on the

199
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ro ck in g  siph on -ba la -n ce  p r in c ip le  ( J .  W . T o w e r s , L t d . ) .

R e c o v e r y  o f  m a te r ia ls  fro m  the a c id  eluate fra ction s  was 

e;SFected e ith er  by  ethanol ex tra ction  o f  the fr e e z e -d r ie d  mixture 

obta in ed  a A e r  n eu tra lis in g  to about pH  5 with sod ium  b i­

ca rb o n a te , o r  by n eu tra lisa tion  through  ex tra ction  with a 10%
173( v /v )  so lu tio n  o f d i-n -o c ty lm e th y la m in e  in ch lo ro fo rm  and 

fr e e z e  d r y in g . It w as found n e ce s s a ry  to rem ove  various 

am ine im p u r it ie s  fro m  the d i-n -o cty lm e th y la m in e  by washing 

w ith  2N h y d r o c h lo r ic  a c id  and regen eratin g  the fr e e  base by 

shaking the c h lo r o fo r m  so lu tion  w ith  2N sod iu m  hydroxide 

s o lu t io n . E qual v o lu m es o f the two phases w ere  used  and the 

c h lo r o fo r m  so lu tion  w as w ashed w ith  d is t ille d  w ater between 

e a ch  o p e r a t io n . F ou r  such  treatm ents w ere  requ ired  before  

ion op h oretic^ a n a lysis  show ed that com pounds reacting with 

n inhydrin  had been  com p le te ly  r e m o v e d . The neutra lised  

so lu tion s  w e re  w ash ed  tw ice  w ith  ch lo ro fo rm  and filte red  before 

fr e e z e -d r y in g  .

2 t P ro d u ctio n  o f Com pound A  on lonoph oretogram s

Solutions o f  g lu cosa m in e  h yd roch lorid e  (5% w /v )  and of 

a m ix tu re  o f  m annose and g lu cosam in e h yd roch lorid e  (5% w /v  

o f  each ) w ere  a p p lied  s id e  by s id e  to  a s tr ip  o f  N o . 3 filte r  

p a p e r  and h eated  fo r  about 2 m inutes in  a strea m  o f  hot a ir  

fr o m  an e le c t r ic  h a i r - d r i e r .  T w o s im ila r  spots w ere  applied 

a lon gsid e  the p re v io u s  o n e s , but w e re  not heated . A fter  aon o-
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p h o r e s is  the p a p e r  w as sp ra y ed  w ith  ninhydrin. reagent a,nd 

m auve s ta in s , due to g lu co sa m in e , w ere  p rod u ced  about 15cm . 

(tow a rd s  the an ode) fr o m  the ba^e lin e  in  the ca s e  o f  each 

so lu t io n  a p p lied  to  the p a p e r .  F r o m  the sp ot o f the m ixture 

w hich  had b een  h e a te d , but not fr o m  the oth er three sp o ts , a 

s e c o n d , w ea h er  sta in  s low ly  a p p ea red  about h a lf-w ay  between 

the g lu cosa m in e  sta in  and the b a se  line and had a value

o f  0 .56 . Stains in  this p o s it io n  re la tiv e  to  g lu cosam in e w ere 

g e n e ra lly  te rm e d  "D  s p o t s a n d  that obtained from  m annose 

and g lu cosa m in e  h y d ro ch lo r id e  w as attributed  to  the p re se n ce  

o f  com poun d  A .

3 . D e tection  o f  C om pound A  w ith V a riou s  Reagents

F iv e  sp ots  o f  a so lu tion  o f  m annose and glucosam ine 

h y d ro ch lo r id e  w e re  sp a ced  along the b a se  line o f an ionoph oreto- 

g ra m  and h eated  b y  m eans of a h a ir  d r ie r  fo r  2 to 3 m inutes . 

A f t e r  io n o p h o re s is  the p a p er was cut lengthw ays into fisre s tr ip s , 

ea ch  ca r ry in g  one of the o r ig in a l spots . The strips w ere 

s e v e r a l ly  sta ined  w ith n inhydrin , E lson -M org a n  reagent, 

an ilin e  h y d rog en  phthalate, a lk a lin e  s i lv e r  n itra te , a a d n a p h fb o - 

r e s o r c in o l .  A l l  the reagents but n a p h th oresorcin o l produ ced  

tw o s ta in s , one attributable to g lu cosa m in e , and one to com pound 

A .  A n oth er ion op h n re tog ra m  ca rry in g  two spots o f the m ixture 

w as p r e p a r e d  in a s im ila r  w ay and cut into s tr ip s , one o f  w hich 

w as sta in ed  with n inhydrin  to  p rov id e  a co n tro l, and the other
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w ith  a lk a lin e  tr ip h e n y lte tra zo liu m  ch lo r id e  reagent and stains 

a ttr ib u tab le  to  both g lu co sa m in e  and com pound A  (M  ^  ^  0 .57) 

iv e re  ob ta in ed  on  e a c h s t r q ^ ,

4 1 C om b in a tion s  o f  S u gars P rod u cin g  D Spots on  lo n o p h o re to g ^ m s 

Io n o p h o re t ic  sep a ra tion s  o f  se v e ra l m ix tu res  o f sugars 

w ith  a m in o  su ga rs  w e re  c a r r ie d  out a fte r  heating the m ixtu res 

o n  the p a p er  . T h e e f fe c t  o f  heating on  the v a riou s  am ino sugars 

a lo n e  w as d e te rm in e d  in  co n tro l exp erim en ts . Heat treatm ent 

w as e f fe c te d  e ith er  w ith  a h a ir  d r ie r  as p re v io u s ly  described^ 

o r  in  an o v e n  a t 100?C during  about 20 m in u te s . The ion op h oreto - 

g ra m s  w e r e  sta in ed  w ith e ith er  n inhydrin  or alkaline s ilv e r  

n itra te  and T a b le  V I in d ica tes  the m ix tu re s  w hich  furn ished  D 

s p o t s .

The am in o su gars u sed  w ere  g lu cosam in e h y d roch lorid e ,

3 :4 :6 - t r i -0 -m e t h y l -g lu c o s a m in e  hydroch loride^  N -a ce ty l g lu co s ­

am ine^ g lu co s a m in o l h y d r o ch lo r id e , g a la c to sa m in e h y d ro ch lo r id e j 

and 2 -a m in o -g ly c e r o l  h y d ro ch lo r id e  . The sugars with w hich they 

w e r e  m ix e d  w e re  the fo llo w in g , though by no m eans a ll o f  the 

p o s s ib le  com bin ation s w e re  m a d e . M annose, a -m eth y l m annoside, 

3 ^ 4 -d i-O -m e th y l m a n n ose , m a n n ito l, g a la c to se , fr u c to s e , x y lo se , 

r ib o s e ,  2 -d e o x y -r ib o s e ,  s o r b ito l ,  d u lc ito l, g lu c o s e , 1 -d eox y - 

g lu c o s e  (p o ly  g a lito l) ,  3 - 0 -m eth y l g lu c o s e , 2 :3 -d i-O -m e th y l 

g lu c o s e , 3 :4 -d i -0 -m e t h y l  g lu c o s e , 2 :3 :6 - t r i -0 -m e t h y l  g lu co se .



2 :354 :6 - t e t y a - 0 ^JCnethyl g lu c o s e , p .-m eth y l glucoside^ sodium  

g lu cu ron ate^  and m a lto se  . T w o spots o i 5% / v  solu tions 

w e r e  a p p lied  to the p a p e r  .

A n io n o p h o re to g ra m , sta ined  with alka line s ilv e r  

n it ra te , o f  g lu c o s e  and so m e  o f  its  m eth y l ethers a fte r  heating 

w ith  g lu c o s a m in e  h y d ro ch lo r id e  is show n in F ig u re  29 (p .9 4  ) .

5 . O ptim um  H eating C on d ition s fo r  Com pound A  P rod u ction

S pots o f  a so lu tion  o f m a n n ose  and g lu cosam in e  

h y d r o c h lo r id e  w e re  s u c c e s s fu l ly  ap p lied  along the b a s e -l in e s  o f 

a s t r ip  o f  io n o p h o re s is  p a p e r  and a sh eet o f  chrom atograph y  

p a p e r  and the p a p e rs  w e re  h eated  in  an oven at 100^ C . fo r  varying 

p e r io d s  o f  t im e  a fte r  e a ch  a p p lica t io n . In th is w a y , heating 

p e r io d s  o f  2 m in u tes to  6 h ou rs  w e r e  c o v e r e d  and a fter  ion oph oresis  

and  ch ro m a to g ra p h ic  d eve lop m en t o f  the re sp e ctiv e  p a p e rs , they 

w e r e  sta in ed  w ith a lk a lin e  s i lv e r  n it ra te . Com pound A  was 

o b s e r v e d  on the ch ro m a to g ra m s  as the s low est m oving  o f  three 

s p o ts ,  having  values o f  0 .58 and 0 .32 r e s p e c t iv e ly .

B oth  io n o p h o re t ig ra m  and ch ro m a to g ra m  showed^a gr^adual in crease  

in  the in ten sity  o f com poun d  A  during the f ir s t  hour o f  heating, 

but lit t le  change w as d is c e r n ib le  th e r e a fte r .

T h e  ex p erim en t w as rep ea ted  using a tem p era tu re  o f 120^C 

and in th is  c a s e  sm a ll am ounts o f  o th er  com pounds appeared  to be 

fo r m e d  in  a d d ition  to com poun d  A .  The two ch rom a togra m s a re  

i l lu s tra te d  in  F ig u r e s  27 and 28 ( p . 92 ) .
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C oiY iparative ionopho^'etogiPatiis o f  tYiix^tures heated fo r  

h a lf -a n -h o u r  a t 8 0 °C  100^ C and 125<^C show ed that com pound

A  fo rm a t io n  w as m u ch  le s s  rap id  at 80^ C . than at 100°C and 

that a t 125°C  . a s e r ie s  o f sp o ts  w as p ro d u ce d  betw een  the spot due 

to  com p ou n d  and the b a s e - l in e  .

6 . P r e p a r a t iv e  lo n o p h o re s is

A  s o lu t io n  o f  m a n n ose  an d  g lu cosa m in e  h yd roch lorid e  

(O .l  m l.^  5% ^ / v  o f  e a ch  su g a r ) w as ap p lied  as a strea k  a cro ss  

the DTidth o f a s tr ip  o f No . 3 f i l t e r  p a p e r  and the p ap er was heated 

in  an  ov en  a t 100°C . f o r  h a lf -a n -h o u r  , A fte r  io n o p h o re s is , guide 

s tr ip s  w e re  cu t fr o m  the ed ges  and  cen tre  o f the p ap er and w ere 

s ta in e d  w ith  a lk a lin e  s i lv e r  n itra te  to  lo ca te  the p o s it io n  o f com pound 

A .  T h e  a p p ro p r ia te  band w as then cut fr o m  the paper and eluted 

w ith d is t i l le d  w a te r , and the ex tra ct  w as filte re d  and fr e e z e -d r ie d  . 

T h e m a te r ia l  s o  obta ined  w as d is s o lv e d  in a little  w ater and 

ex a m in e d  io n o p h o r e t ic a i ly . O nly a faint D spot was ob serv ed j 

to g e th e r  w ith a sm a ll am ount o f  g lu cosa m in e  and m o s t  o f the m a ter ia l, 

a p p a re n tly  d e co m p o s it io n  p ro d u c ts , rem a in ed  at the b a se  lin e  o r  

fo r m e d  a s tre a k  extending betw een  the D spot and b a s e -lin e  .

7 . R e a ct io n s  in A queous Solu tion

M annose and g lu cosa m in e  h y d ro ch lo r id e  w e re  d isso lv e d  in a 

n u m ber o f  b u ffe r  so lu tion s  in the pH range ^ to 10 and these solutions 

(about 1 m l . ,  con ta in in g  5% ^ / v  o f  ea ch  su gar) w e re  heated  in sealed  

tubes fo r  1^ h ou rs  at a tem p era tu re  o f 100° to  120° C . . The buffer
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so lu tion s  u s e d  w e r e :  0 4  M  fo rm a te  b u ffe r , pH  2; O ,1M citra te

buffer^ pH  4 and  and 0 .2 M  b a rb itu ra te  b u ffe rs , pH 8 and 10

The s a m e  p r o c e d u r e  w as fo llo w e d  w ith an aqueous unbuffered  solution  

o f  the tw o su g a rs  . A fte r  h eatin g , the so lu tion  in fo rm a te  bu ffer  

re m a in e d  v ir tu a lly  c o lo u r le s s ,  the tw o so lu tion s in c itra te  bu ffer 

w e re  on ly  v e r y  s lig h tly  y e llo w , the u nbu ffered  solu tion  was y e llo w - 

b ro w n  in  c o lo u r ,  the s o lu t io n  in b a rb itu ra te  bu ffer  at pH 8 w as a 

p ro n o u n ce d  g o ld e n -b r o w n , and that at pH  10 w as darl^ brow n in c o lo u r .

A l l  the so lu t io n s  w e r e  exa m in ed  ion op h ore tica lly  and 

ch ro m a to g ra p h ica lly  and none w a s  found to  contain  com pound A .  

S e v e r a l  ch ro m a to g ra m s  o f  the so lu tion s  w ere  p re p a re d  and in  

a d d it io n  to  the sp ots  o f  the s ix  so lu tion s w h ich  w ere  applied  to the 

p a p e r  and a llow ed  to d ry  w ithout heating , spots of each solu tion  w ere  

h ea ted  on the p a p e r  . S ix  such  p a p ers  w ere  p rep a red  and two w ere  

d e v e lo p e d  n o rm a lly  (p . 135), two w e re  d eve lop ed  w ith the organ ic  

p h a se  o f a m ix tu re  o f  n -b u ta n o i-w a te r -a ce t ic  a c id  (4 :5 :1 ), and two 

w ith  the o rg a n ic  p h a se  o f a m ix tu re  o f  n -bu tan oi, ethanol, w a ter , and 

a m m on ia  {s  .g . 0 .880) in  the p ro p o r t io n  40:10:49:1- A fte r  thorough 

d ry in g , one ch ro m a to g ra m  fr o m  each  developm ent w as stained with 

n in h yd rin  and the o th er  w ith  an iline  h ydrogen  phthalate . A l l  s ix  

ch ro m a to g ra m s  show ed  that com pound A  was absent fro m  each o f the 

s ix  s o lu t io n s , but w as fo rm e d  in  each ca se  by heating on the paper ,

The ch ro m a to g ra m s  d ev e lop ed  with n -b u ta n o l-e th a n o l-w a ter- 

am m on ia  sh ow ed  v e r y  bad streak in g  o f  the g lu cosam in e  sp ots , and
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^hose d e v e lo p e d  in  b u ta n o l-w a te r -a ce t ic  a c id  p rod u ced  tw o spots 

fr o m  g lu c o s a m in e , both  being quite c lo s e  to g e th e r . In addition, 

the g lu c o s a m in e  sp o t w as s tre a k e d  and v e ry  m uch retarded  on 

the p a p e r  re d u ce d  fr o m  the n orm a l value o f C .68 to about

0 .18) in  e a ch  o f  the c itra te  bu ffer sa m p les  (figu re  30, p^9s) . A  

ch ro m a to g ra m  o f so lu tion s  o f g lu cosa m in e  h y d roch lorid e  in citnate 

b u ffe r  (pH  6 ) and in  aqueous c i t r i c  a c id  exhibited the sam e behaviour 

w hen  d e v e lo p e d  in n -b u ta n o l-e th a n o l-w a te r  and stained wilh 

n in hydrin  .

8 - P r e p a r a t iv e  C h ro m a to g ra p h y .

A  so lu tion  o f  m ann ose and g lu cosam in e  h ydroch loride  

(5% / v  o f  ea ch ; 1 m l^ ) was ap p lied  a c r o s s  the width o f a sheet 

o f N o . 3 f i lt e r  p a p er  and the p a p er  was heated  in  an oven  at lOO^C . 

fo r  h a l f -a n -h o u r .  A fte r  d eve lop m en t, guide strips w ere  cut from  

the ed ges  and fr o m  w ith in  the ch rom a tog ra m  and stained with 

a lk a h n e s i lv e r  n itra te  in o r d e r  to  lo ca te  com pound A .  The 

a p p rop r ia te  band was then cut fr o m  the p a p e r , eluted with d istilled  

w a te r , and the aqueous so lu tion  was filte re d  and fr e e z e -d r ie d .

The p ro d u ct w as ex tra cted  in  a sm a ll  volu m e o f w ater (about 0 .1 m l .) 

and exam in ed  b y  io n o p h o re s is  and p a p er  chrom atography . Three 

sp ots  w e re  obta ined  in  each  ca se  and cou ld  oe  attributed to  m annose, 

g lu co sa m in e  h y d ro ch lo r id e , and com pound A .

A  secon d  ch rom a tog ra m  was p rep a red  as b e fo r e , but instead
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o f  eluting the band conta in ing  com pou n dA , a n a rrow  strip^ 8 m m . x 

5 cm  . w as cu t fr o m  th is band and sew n into a h o le  of p r e c is e ly  the 

sa m e d im e n s io n s  cut in  the b a s e -l in e  o f  a new sh eet o f No^ 3 filter  

p a p er  . C o n tro ls  o f  m a n n ose  and g lu cosa m in e  h y d roch lo r id e  heated 

on the p a p e r  w e re  p la c e d  at e ith er  end o f the s tr ip  and w ere  cut out 

and sew n  b a ck  into the p a p e r  in  o rd e r  to be tru ly  com p a ra b le  with the 

e x p e r im e n t . The new sh eet o f  p a p er  was then d evelop ed  and stained 

w ith  a lk a lin e  s i lv e r  n itra te  and a d istin ct band due to com pound A  

(R -^ ^  about 0 .63) was obtained  . A  photograph  o f  the ch rom atogram  is 

r e p r o d u c e d  in fig u re  31 (p . 97) . A  r e p e t it io n  o f the experim en t 

w as m a d e  u sin g  s tr ip s  fro m  an ion op h oretogra m  and again , a d istinct 

band  due to  com p ou n d  A  w as o b s e r v e d . S trips fr o m  p reparative  

ion oph o r e to g  ra m s and ch ro m a to g ra m s w e re  exam ined ion op h oretica liy  

b y  sew in g  in to  c o r re s p o n d in g  h o le s  cut into the ba se  lin e  o f a new strip  

o f  N o . 3 f i l t e r  p a p e r  . A lthough sep a ra tion  o f  a d istin ct band due to 

com p ou n d  A  w as o b s e r v e d  on  sta in ing with a lka lin e  s ilv e r  n itra te , 

the s e p a ra t io n  w as le s s  com p le te  th a n b y  ch rom atography and la rger  

am oun ts o f  m a n n ose  and g lu cosa m in e  h y d ro ch lo r id e  w ere  fou nd .

The ''d ou b le  ch rom a tog ra p h y " exp erim en t w as repeated  using 

lo n g e r  s tr ip s  fr o m  a p re p a ra tiv e  ch rom a tog ra m  (1 c m .  x IZ cm *) and a 

co m p le te  s tr ip  w idth fr o m  an  ion op h ore tog ra m , and this tim e the 

p o s it io n  o f com poun d  A  on the se co n d  ch rom a togra m  was determ ined  

b y  sta in ing  gu ide s tr ip s  w ith a lkaline s i lv e r  n it ra te . The appropria te



145

bands w e r e  e lu ted  w ith  d ry  m ethanol and the two solutions w ere  

e^s^porated to  low  v o lu m e  under red u ced  p r e s s u r e  at room  

tem p era tu re  and exam in ed  by p ap er ch rom a tog ra p h y . A  re fe re n ce  

spot o f  m a n n ose  and g lu cosa m in e  h y d ro ch lo r id e  heated on the 

p a p e r  sh ow ed  that the tw o sa m p les  exam in ed  w ere  solutions of 

com p ou n d  A ,  a lm o s t  p u r e , ch ro m a to g ra p h ica lly , (figu re  32, p .  -9? ) 

9 - O th er E x p e r im e n ts  on the P rep a ra tion  o f  Com pound A

A  s m a ll  am ount o f  m annose (0 .1 g J  was m elted  in an 

ign ition  tube and an  equal am ount o f g lu cosam in e h yd roch lorid e  was 

added  . The resu ltin g  d ark  brow n  m a ss w as a llow ed  to co o l and 

then  d is s o lv e d  in  w a ter  (Z m l . )  and the so lu tion  analysed  by ion o - 

p h o r e s is  and p a p er  ch rom a togra p h y  . A  la rg e  num ber o f sp ots , 

in clu d in g  th ose  due to  com pound  A  and g lu cosam in e  h y d roch lorid e , 

w as p ro d u ce d  when the p a p ers  w ere  stained with n in hydrin .

A  fin e ly  ground  m ixtu re of m annose and g lu cosam in e 

h y d r o ch lo r id e  was m aintained at 110^C . fo r  s e v e ra l h ou rs , and a 

s t i f f  p a s te  o f  th ese  tw o su gars w ith a little  w a ter  was heated at 

lOO^C. fo r  6 h ou rs . In both c a s e s ,  ion op h oretic  analysis showed 

that on ly  the two o r ig in a l su gars w e re  p re se n t a fter  the heat 

trea tm en t -

G lu cosa m in e  h y d r o c h lo r id e  (O .1 g .) was added to a 

m e th a n o lic  so lu t io n  o f  m an n ose (O .1 g . in 2 m l . )  and the m ixture 

w as re flu x e d  fo r  s e v e r a l  hours . No spot due to com pound A  was 

o b s e r v e d  on staining ion op h ore togra m s of the m ixture sam pled
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a A er  p e r io d s  o f  up to  12 h o u r s , although a fter  th is tim e the solu tion  

was p a le  y e l l o w .  V e ry  little  g lu co sa m in e  h y d roch lo r id e  appeared 

to d is s o lv e  .

A  s lu r r y  o f c e llu lo s e  p ow d er  (l6  g in a so lu tion  o f m annose 

and g lu co sa m in e  h y d r o ch lo r id e  (0 .8 g* of each  in lOO m l ,  d istilled  

w ater) w as f r e e z e -d r ie d  and h eated  in  an oven  at lOO'^C . fo r  1  ̂hours .

A  s m a ll  p o r t io n  o f  the c e l lu lo s e  w as eluted  with w ater and ch rom atO ' 

g ra p h ic  a n a l /s i s  sh ow ed  the eluate to  con ta in  m ann ose, g lu cosam in e 

h y d r o c h lo r id e , and  com poun d  A  .

10 . S e p a ra tio n  o f  C om pound A  on  a C e llu lo se  Colum n

C e llu lo s e  p ow d er  (about 500 g W hatm an standard

ch ro m a to g ra p h ic  g ra d e ) w as s lu r r ie d  in  the orga n ic  phase o f  a

m ix tu re  o f  n -b u ta n o l, ethanol and w ater  (4 :1 :5 ), and the s lu rry  was
-2p a ck ed  in to  a co lu m n  (57 c m .  x 12 .5 cm  . ) , A  d isc  o f filte r  paper

w as p la c e d  on  top o f the co lu m n  w hich  was then drained a lm ost fr e e  o f 

the a ccu m u la ted  h ead  o f  s o lv e n t , A  p rep a ra tion  o f  com pound A  on 

c e llu lo s e  p ow d er  (s e e  a b ov e ) was m ade into a th ick  s lu rry  with the 

so lv e n t and c a r e fu lly  p o u re d  onto the top  of the co lu m n . When this 

had se ttled  dow n, the co lu m n  w as e lu ted  w ith the solvent and fraction s 

o f  50 m l .  w e re  c o l le c t e d  a u to m a tica lly .

S a m p les  firom a lternate fra ction s  w ere  spotted onto filte r  

p a p er and sta in ed  w ith a lkaline s i lv e r  n itra te  . M ost o f the 40 fraction s 

exam ined  (o f  80 c o lle c te d )  gave w eak  s ta in s , but m ore  intense stains 

w ere  obtained  fr o m  fra c t io n s  22 to  29 and 45 onw ards . F ra ction s  22
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to  29 w e r e  b u lk ed  and  ev a p ora ted  a lm o s t  to  d ry n ess  under 

r e d u ce d  p r e s s u r e  at 30^C o r  less^  and the fra ct io n s  beyond 

45 w e r e  d iv id e d  in to  b a tch es  o f  5 and  s im ila r ly  con cen tra ted . 

T he s a m p le s  s o  ob ta in ed  w e re  a n a lysed  ion op h ore tica lly  and 

a l l  fu rn is h e d  sp o ts  c o r r e s p o n d in g  w ith  m ann ose^ ^u cosam ine 

h y d r o c h lo r id e ,  and com p ou n d  A .  T he sa m p les  w ere  th ere fore  

a l l  bu lked  and e v a p ora ted  to  d ry n e ss  to y ie ld  15 0 m g ,  o f 

m a t e r ia l .

11, P a r t ia l  S e p a ra tio n  w ith Ion -ex ch a n g e  R es in

P a r t  o f the m a te r ia l (60 m g .) eluted fro m  the 

c e l lu lo s e  c o lu m n , as d e s c r ib e d  a b o v e , was d isso lv e d  in water 

(2  m l .) and m ix ed  with m o is t  io n -e x ch a n g e  re s in  (IR  120, 

h y d ro g e n  fo rm ) (25 m l . )  . T he r e s in  w a s  tra n s fe rre d  to  a 

co lu m n  w ith  a l it t le  w a ter  and w as then w ashed w ith d istilled  

w a te r  , F ra c t io n s  of 5 m l .  w ere  c o lle c te d  (au tom atica lly ) and 

a fte r  the 12th fr a c t io n , 0 .25N h y d r o ch lo r ic  acid  rep laced  w ater 

a s  the e lu a n t, The f i r s t  15 fra c t io n s  w e re  neutral, but 

su cce e d in g  ones w e r e  a c id ic  and a tota l o f  33 fra ction s  was 

c o l le c t e d *  The a c id  fra ct io n s  w e re  n eu tra lised  with s ilv e r  

ca rb on a te  and a ll  the fra ction s  w e re  then sep a ra te ly  f r e e z e -  

d r i e d .  N o re s id u e  w as obtained  fro m  fra ction s  4 to  19* 

R e s id u e s  fr o m  the other fra ct io n s  w e re  exam ined by paper 

ch rom a tog ra p h y  and ion op h ores is  and fra ction s  1, 2 and 3 

con ta in ed  m an n ose  and com poun d  A , but no g lu cosam in e h y d ro ­
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c h lo r id e  * Fra^ctioIlS 20 to  23 con tained  sm a ll quantities o f 

g lu co s a m in e  h y d r o ch lo r id e  and com pound A  (the sp ot due to 

com p ou n d  A  w as b a d ly  streaked)^  but no m an n ose . Later 

fra c t io n s  w e r e  n ot a n a ly s e d .

12 . N -A c e ty la t io n  o f G lu cosa m in e  H y d roch lorid e  and Compound A

M an nose and g lu co sa m in e  h y d roch lo r id e  w ere  heated

to g e th e r  o n  c e l lu lo s e  p ow d er  as d e s cr ib e d  on p .146 except

that 1 .5  g . o f  e a ch  su g a r  and 10 g . o f  c e llu lo s e  w ere  u s e d . The

c e l lu lo s e  w as eluted  and w ashed  w ith  w ater (80 m l .) and the

so lu t io n  w as a ce ty la te d  using the m eth od  o f  R osem a n  and Ludo- 
166w eig  . T he so lu tion  w as then fre e d  o f u n -a cety la ted  am ino 

com pou n ds by  p a ss in g  dow n a co lu m n  o f  ca tion  exchange res in  

(IR  120, h y d ro g e n  fo r m  , 10 m l . )  and was fin a lly  fr e e z e -d r ie d .

A  so lu tion  o f  s o m e  o f  the f r e e z e -d r ie d  p rod u ct was analysed 

b y  p a p e r  ch ro m a to g ra p h y  and on staining the ch rom atogram  

w ith  a lk a lin e  s i lv e r  nitrate^ sp ots  attributable to m annose and 

N -a c e ty l  g lu co s a m in e  w e r e  found, togeth er with tra ces  of c o m ­

pound A  and a la rg e  am ount o f  a fa s t  m ov in g  substance 2 .5 )

w h ich  w as found in  the r e g io n  usua lly  o ccu p ied  by anhydrosugars . 

13 , S olvent E x tra ct io n  M ethods fo r  S eparation  of the R eaction

M ix tu re

A  su sp en s ion  o f  m an n ose and g lu cosa m in e  h ydroch loride  

in  c e llu lo s e  (p . 146) w as heated  at 1 0 0 f o r  1 hour and eluted
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w ith w a ter  . The so lu tion  w as fr e e z e -d r ie d  and portions 

(3 0  m g^ each ) o f  the p rod u ct w e re  se v e ra lly  s lu rried  in one 

o f  the fo llo w in g  se v e n  so lven ts  (0 .3  m l . ) ;  methanol^ ethanoh, 

n -b u ta n o l, a ce to n e , c h lo r o fo r m , d ioxan , and diethyl ether .

T h e miT5±ures w e r e  th orough ly  shaken , and a fte r  standing for  

6 h ou rs the st^^ernatant liqu ids w e re  exam ined ionoph oretica lly . 

T h e  m eth a n o l, ethanol, and butanol extracts a ll  contained the 

th ree  com p on en ts  o f  the m ix tu re , though in d ifferen t proportions , 

T h e  d ioxan  ex tra ct  contained only m ann ose, the acetone extract 

a s m a ll am ount o f  m a n n ose , the ch lo ro fo rm  extract sm all 

quantities o f  m ann ose and g lu cosam in e h y d roch lor id e , and the 

eth er e x tr a c t  did not contain  any o f  the th ree  com ponents, v iz .  

m a n n o se , g lu cosa m in e  h y d ro ch lo r id e , and com pound A .  The 

d ioxa n  ex tra cted  m a te r ia l was treated  a secon d  tim e with a 

s im ila r  volu m e o f  d ioxan  and ion op h oretic  an a lysis  showed that 

the e x tr a c t  again  contained  on ly m ann ose, and that the remaining 

s o l id  contained  a l l  th ree  com ponents o f the m ixture^

A  secon d  su spen sion  o f  m annose and g lu cosam in e h ydro­

c h lo r id e  in c e llu lo s e  was p re p a red  using 3 g . o f  each s u ^ r  

and  15 g . o f  c e llu lo s e  , T he m ix tu re  was heated at 100°C fo r  

1 hour and two p o rtio n s  o f  5 g  ̂ w e re  ex tracted , one with dioxan 

and the other w ith c h lo ro fo r m , in Soxhlet th im bles fo r  21 hours . 

lo n o p h o re s is  in d ica ted  that the c e llu lo s e  sam ples after extraction  

re ta in ed  â U th ree  com ponen ts o f  the m ix tu re , and that the dioxan



-150-

con ta in ed  on ly  m a n n ose  (though in  rea son a b le  quantity) and 

th e c h lo r o fo r m  e x tra c t  contained a sm a ll am ount o f m annose 

and p o s s ib ly  a t r a c e  o f  com pound A .

A  th ird  batch  o f  the su gars on ce llu lo se  w as prep a red  

(5 o f  e a ch  su g a r  and 30 g * o f  c e llu lo se ) and a fter  heating 

a s  b e fo r e  it w as s lu r r ie d  in  dioxan and packed into a colum n 

^diam eter, 2 5̂ c m  .) * The co lu m n  w as washed with dioxan 

(about 1 l it r e )  by s lo w , downw ard p e rco la tio n  (during about 

24  h o u r s )  and w as then a llow ed to  d ra in . A fter  extrusion  

fr o m  its co n ta in e r , the colum n o f ce llu lo se  was divided into 

tw o equal p a rts  and ea ch  w as sucked  dry  on a Buchner funnel. 

A  s m a ll  sa m p le  fr o m  each  p art w as ex tracted  with w ater and 

th ese  so lu t io n s , and the dioxan e lu a te , w ere  analysed  by 

io n o p h o re s is  . O nly m annose w as found in  the dioxan  eluate, 

but both ex tra cts  fr o m  the cclL u losc s t i l l  contained a ll three 

com p on en ts  although a redu ction  in  the intensity  o f  the m annose 

sp o t  w as d is c e r n ib le  .

1 4 . S e p a ra tio n  by  F ra c tio n a l C ry sta llisa tion

P a r t  o f  a f r e e z e -d r ie d  m ixtu re  (about 3 g .) obtained 

fr o m  heating m ann ose and g lu cosa m in e  h y d roch lorid e  on 

c e l lu lo s e  w as d is s o lv e d  in  w ater (10 m l . )  and the concentrated 

so lu t io n  w as d iv ided  into two equal parts .
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SL) G lucosanaine h y d ro ch lo r id e  w as c ry s ta llis e d  from  the 

so ln tion  by  the gra d u a l addition  o f acetone to the co ld  aqueous 

so lu tion  con tain ing  methanol^ exa ctly  as d escr ib ed  by G ardell 

T h e  c r y s ta ls  w e re  filte re d  and w ashed with acetone^ and 

both  c ry s ta ls  and m oth er liq u or  w ere exam ined by ibnophoresis . 

T h e  g lu cosa m in e  h y d roch lorid e  c ry s ta ls  contained only a little 

m annose and the m oth er liq u or  contained a ll three com ponents 

o f  the m ix tu re  .

b ) The aqueous so lu tion  was co o le d  to  about 10^C and dioxan 

at room  tem p era tu re  (its m .p t ,  is 12^C) was added until 

p re c ip ita t io n  begant,to o c c u r .  A fter  standing in d ie  re fr igera tor  

f o r  2 hours^ the p re c ip ita te  w as filte re d  and washed tw ice 

w ith d io x a n . lo n o p h o re s is  show ed that it contained nothing 

o th e r  than g lu cosa m in e  h y d roch lor id e  - The addition o f m ore 

d ioxa n  to the m oth er liq u o r  resu lted  in  further precip itation  

and the so lid  w as again  filtered^ washed^ and analysed ion o- 

p h o r e t ic a l ly .  This p ro ce d u re  was repeated tw ice again^ but 

the o p e ra tio n  w as done at room  tem perature to avoid die 

c ry s ta llis a t io n  o f  dioxan^ The secon d  crop  o f precip ita te  

contained  g lu cosam in e h yd roch lorid e  and a sm a ll amount of 

m a n n ose ; the th ird  c ro p  contained g lu cosam in e hydrochloride^ 

an in c re a s e d  quantity o f  m an n ose , and a tra ce  of com pound A; 

and the fourth  co m p rise d  s im ila r  quantities of a l l  three 

com pon en ts .
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On bullying the m oth er liq u or  fr o m  the fourth dioxa^n 

p re c ip ita t io n  w ith that fr o m  the a ceton e  crysta lR sa tion , a 

fu rth er  p re c ip ita te  w as obtained w hich  w as m ainly glucosam ine 

h y d ro ch lo r id e  . The fina l m oth er liq u or  contained a ll three 

com p on en ts  o f  the o r ig in a l m ixture^ but p rob a b ly  in roughly 

s im ila r  am ounts .

15 . R e so lu tio n  o f  the M ixture b y  Ion -exchange Chrom atography

A  la r g e  ba tch  o f  com pound A  w as prepared  as

p re v io u s ly  d e s c r ib e d  (p . ) using 25 g .  o f  mannose^

25 g , o f  g lu cosa m in e  h ydroch loride^  and 200 g . o f  ceR u lose

p ow d er  . A n  a liq u ot fr o m  the a^queous eluate estim ated  to

contain  about 2 m g . o f am ino sugar w as applied  to an

a n a ly tica l co lu m n  o f  ion -exchange re s in  (Z eok a rb  225^ p . 136 )

and the rem a in d er  w as fr e e z e -d r ie d .  The colum n wag eluted

w ith  0 .3N  h y d r o ch lo r ic  a c id  using a flow  rate o f  1 to 2 m l .  per

h o u r , and 1 m l .  fra ction s  w ere  co llected ^  E very  fifth fraction

w as exam ined fo r  hexosam in es (o r  certa in  deriva tives) using
170the E lso n -M o rg a n  re a ctio n  exactly  as d escr ib ed  by 

171S v en n erh olm  . Interm ediate  fra ction s  w ere  a lso  analysed 

w h ere  th e  p re s e n ce  o f am ino sugars was indicated  by  the 

d eve lop m en t o f a pink o r  re d  co lou r in the test so lu tion . 

F ra c t io n s  85 to  91 contained a sm a ll am ount o f  m ateria l 

g iv in g  a p o s it iv e  rea ction  (the total being equivalent to about
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50 {jLg t o i  g lu co sa m in e  h y d ro ch lo r id e ) and a m uch m ore

in tense c o lo r a t io n  w as obtained fro m  fra ction s  121 to 144^

and w as attribu ted  to  the p re s e n c e  of g lu cosam in e hydroch loride  ,

The f r e e z e -d r ie d  re a c tio n  m ixtn re was d isso lv ed  in 

0 *3N h y d r o c h lo r ic  a c id  (400 m l a n d  50 m l . aliquots o f the 

so lu tion  w ere  a p p lied  to the p rep a ra tive  ion -exchange column 

(p . 136 ) f o r  s e p a r a t io n . The colum n was eluted with 0 .3N 

h y d r o c h lo r ic  a c id  using a flow  rate o f  about 130 m l .  p er  hour 

and  fra c t io n s  o f  50 m l .  w e re  c o l le c t e d .  The fra ction s  w ere  

exam in ed  as b e fo re  and a p os it iv e  reaction  was obtained from  

fra c t io n s  96 to  about 106 and from  fra ction s  140 to 175 when 

fra c t io n  c o lle c t io n  was cea sed : the la tter  group o f fraction s 

gave a m uch  m o r e  in tense co lo ra t io n  than the fo rm e r  . The 

f i r s t  grou p  of fra ct ion s  (i . e . 96 to 106) w as assum ed to contain 

com pou n d  A  and the secon d  (140to 175), g lucosam ine h y d ro ­

c h lo r id e .  F ra ction s  96 to  i06 w ere  bulked, neutralised  with 

e ith er  sod iu m  b ica rb on a te  o r  d i-n *octy lm eth ylam ine (p . 137 );f 

and f r e e z e -d r ie d .  A n a lysis  o f the m a ter ia l by ionophoresis 

show ed that it was m ain ly  com pound A , but sm a ll quantities 

o f  m annose and g lu cosam in e h ydroch loride  w ere  p re se n t.

S e v e ra l batches o f  m a teria l w e re  separated  in  this way 

and the am ount o f m a te r ia l  applied  to the co lu m n  in one batch 

n o rm a lly  contained 2 to 3 g . of am ino sugar, i . e .  4 to 6 g .  of
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the tn ixtu re  . T h e  y ie ld  o i  com pound A  w as usually  50 to

1 0 0 inig.

The n in h ydrin  reaction^ m easu rem en t o f  optica l 

ro ta tion  (using  a 2 d m . tu be), and m easu rem en t o i  u ltra ­

v io le t  a b s o rp t io n  w e re  u sed  in  addition  to  the E lson -M organ  

r e a c t io n  fo r  scanning ftie fra ction s  o f certa in  batches .

U n less sta ted  o th e rw ise , the wavelength used in u ltraviolet 

a b sorp tion  m ea su rem en ts  was 284 m p.. N inhydrin d e te r -
172m inations w e r e  c a r r ie d  out b y  the m ethod o f  Y em m  and Cocking 

a fte r  a lm o s t  n eu tra lis in g  the a c id  solution  ( l  m l* ) by adding an 

equal v o lu m e  o f  0 ,25N  sod ium  h ydroxide solution  and diluting 

w ith 1 m l .  o f  the c itra te  b u ffer  so lu tion  used  in the rea ction .

The o p tica l rota tion  m easu rem en ts enabled m annose 

to be d e tected  in the early  fraction s (20 to 33) and a lso  

in d ica ted  the p o s it io n  o f g lu cosam in e  h ydroch loride  but was 

m u ch  le s s  sen s it iv e  than c o lo r im e tr ic  m ethods , The n in ­

h ydrin  rea ction  gave exactly  the sam e indications (quantitatively) 

as the E lso n -M o rg a n  r e a c t io n . U ltraviolet absorption  m ea su re ­

m en ts show ed  the p re s e n ce  o f  a com pound in fra ction s  87 to 95 

w h ich  d id  not rea ct  w ith ninhydrin or th eE lson -M orga n  

reagen t and had  no op tica l activ ity  . This absorption  was 

attributed  to a com pound B  and the absorption  curve (220 to 

320 m^r) o f  a su itab le  fra ct io n  was m easu red  * The fu ll range

o f  o f  fra ction s  fro m  a typ ica l separation  is shown
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in  the fo r m  o f a h istog ra m  in  fig u re  33 (p . 103 ) .

16 . S ta b ility  o f  Com pound A

S a m p les  o f  com pound A  p rep a red  by ion-exchange 

ch rom a tog ra p h y  w e re  d isso lv e d  in w ater and in 2N h y d ro ­

c h lo r ic  a c id .  C h rom atograph ic analysis o f both solutions 

w as c a r r ie d  out at variou s tim e intervals fro m  10 minutes 

to  10 days . The so lu tion  in h y d ro ch lo r ic  acid (aliquots w ere 

n eu tra lised  w ith s i lv e r  carbonate fo r  chrom atography) 

appeared  to  be v irtu a lly  unchanged a fter two weeks^ but 

d e co m p o s it io n  in  the aqueous solution  was indicated by a 

g ra d u a l red u ction  in  the in tensity  o f  the spot from  com pound 

A  and a co rresp on d in g  in crea se  in intensity o f  spots due to 

m annose and g lu cosam in e h ydroch loride   ̂ Pa^ts o f  the two 

solu tion s w e r e  re flu xed  a t lOO^C fo r  6 hours andthe jiea^^ting 

dark  b ro w n  so lu tion s w ere  exam ined ch rom a togra p h ica lly .

In each  case^ com pound A  had a lm ost com pletely  disappeared 

and a c o n s id e ra b le  am ount o f  g lu cosam in e hydrochloride^ 

but on ly  v e ry  lit t le  m annose^ was fo rm e d .

17. .A n a ly st o f Com pound A

H exosam in e and h ex ose  determ inations w ere made

on aH quots diluted fro m  a fre s h  solution  of compound A  using
171 177the E lso n -M o rg a n  and o rc in o l-su lp h u r ic  a cid  reactions

r e s p e c t iv e ly .  The a b sorp tion  cu rves o f the co lou red  solutions

w e re  obtained in each  ca se  and those o f  the respective
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so lu tio iis  w e re  c h a r a c t e r is t ic  o i  g lu co sa m in e  and m a n n o se . 

F r o m  th e  in ten sity  o f  a b so rp t io n  at 530 m ĵ. in  the c a s e  o f the 

E ls o n -M o r g a n  r e a c t io n  and  505 m p in  the c a s e  of the o r c in o l 

rea ction ^  the g lu co sa m in e  h y d ro ch lo r id e  and m annose c o n ­

ce n tra t io n s  o f  the a liq u o ts  w e re  obta ined  by interpolsttM on 

f r o m  c a lib r a t io n  c u rv e s  co n s tru cte d  fro m  standard solutions 

o f  th e  r e s p e c t iv e  su g a rs  .

T h e  a b s o rp t io n  c u r v e s  fu rn ish ed  by m annose and 

com p ou n d  A  in  the o r c in o l-s u lp h u r ic  a c id  re a c t io n  a re  dep icted  

in  fig u re  37 (p . 116 ) a^nd the ca lib ra t io n  cu rve  w as lin ea r  ov er  

the ra n g e  0 to  100 pg . o f  m a n n o s e . T h e se  data fo r  m annose 

a r e  n o t r e p o r te d  in the H terature  c ite d  w hich  is  con cern ed  

p r in c ip a l ly  w ith  g lu c o s e  and g a la c to se  . The p re s e n c e  o f 

g lu c o s a m in e  h y d r o ch lo r id e  had no e ffe c t  on  the rea ction  o f 

m a n n o se  w ith  the o r c in o l-s u lp h u r ic  a c id  reagen t, and the 

E ls o n -M o r g a n  r e a c t io n  w a s  u n a ffected  b y  the p re s e n ce  o f 

m a n n os e .

T h e g lu co sa m in e  h y d ro ch lo r id e  and m annose co n ce n ­

tra t io n s  o f  the d ilu ted  so lu t io n  o f  com pound  A  w e re  98 ĵg . / m l . 

and 95 pg . / m l . r e s p e c t iv e ly  . Thus the m o la r  p ro p o rtio n  o f  

g lu co s a m in e  h y d r o ch lo r id e  to  m a n n ose  in  com pound A  is 

a p p r o x im a te ly  u n ity . T he in fr a -r e d  a b so rp tio n  sp ectru m  o f 

co m p o u n d  A  (p o ta ss iu m  ch lo r id e  d is c )  w a s  obtained on  a sam ple

171
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o i  the appropria^te f r a c t io n  o f  eiuate fr o m  ion -ex ch a n g e  

c h r o m a to g r a p h y  .. T he so lu t io n  w as n e u tra lise d  w ith anhydrous 

p o ta s s iu m c a r b o n a ta a n d  f r e e z e - d r i e d .  The sp ectru m  contained 

n o p e a k  c o r r e s p o n d in g  w ith  the p r e s e n c e  o f  a ca rb on y l group .

18 . H y d r o ly s is  o f  C om pou n d  A

C om p ou n d  A  w as h y d r o ly s e d  in  both  h ot and co ld  w ater . 

F o u r  b a tch es  o f  the m a te r ia l  (abou t 300 m g  .) fr o m  ion -exch a n ge  

c h ro m a to g ra p h y  w e r e  bu lked  and d is s o lv e d  in  d is t ille d  w ater 

(30  m l .) . A fte r  ex tra c tin g  w ith an  equal v o lu m e of ch loroform ^  

th e  s o lu t io n  w a s  f i l t e r e d  and re flu x e d  fo r  12  h ours and sam ples 

w e r e  p e r io d ic a l ly  w ith d raw n  fo r  a n a ly s is  b y  ch rom a togra ph y  

a n d  io n o p h o r e s is  . O p tica l ro ta tion  m ea su rem en ts  w ere  m ade 

a t fre q u e n t  in te rv a ls  (u sin g  a  0 .5 dm  . tube) and sa m p les  w ere  

d ilu te d  f o r  h e x o s a m in e  d eterm in a tion s  (E ls o n -M o rg a n  reaction^ ) 

and fo r  m e a s u r e m e n t  o f  the a b so rp t io n  at 284 m  The 

u lt r a v io le t  a b s o r p t io n  cu rv e  w as obta in ed  on sa m p les b e fo r e  and 

a ft e r  h e a t in g .

T h e io n o p h o r e s is  and ch rom a tog ra p h y  exp erim en ts  show ed 

that a ft e r  12 h o u rs  com p ou n d  A  w as a lm o s t  co m p le te ly  decom posed^ 

and  g lu c o s a m in e  h y d r o ch lo r id e  and a sm a ll quantity o f  a spot 

a ttr ib u ta b le  to  m a n n ose  and tr a c e s  o f  a som ew h at s low er  m oving

co m p o u n d  (R ^  . 1 .44  and R , . 0 .77 j p ro b a b ly  g lu c o s e )  w e re  fo rm ed  .
 ̂ C jA  M

T h e r e  w as no m e a s u r a b le  o p tica l a c tiv ity  b e fo r e  o r  a fte r  heatings
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and t h e je  w a s  n o  s ig n if ic a n t  ch an ge  in h e x o sa m im e  co n ce n tra tio n .

A  g ra d u a l in c r e a s e  in  th e  in ten s ity  o f  a b s o rp t io n  at 284 nip., 

o c c u r r e d  and the ra te  o f  this in c r e a s e  is  sh ow n  in  fig u re  38 (p .  118).

In it ia lly  the s o lu t io n  w a s  c le a r  and p a le , but during heating 

it  g ra d u a lly  d a rk e n e d  and b e c a m e  tu rb id  w ith  the eventual 

fo r m a t io n  o f  a f in e ,  d a rk  b ro w n  p re c ip ita te  . T h e supernatant 

s o lu t io n  w as d a rk  g o ld e n -b r o w n  in  c o lo u r  .

T h e  s a m e  s e r ie s  o f  te s ts  w as p e r io d ic a l ly  app lied  to  a 

s o lu t io n  o f  com p ou n d  A  in  c o ld  d is t il le d  w a ter  . T he so lu tion  

w a s  p r e p a r e d  b y  d is s o lv in g  the p ro d u ct  fr o m  two separation s 

(a b ou t 150 m g .)  in  20 m l   ̂ o f  w a ter  and ex tra ctin g  with an equal 

v o lu m e  o f  c h lo r o fo r m , and the aqu eous p h a se  w as f i l t e r e d . T h ere  

w a s  no ch a n ge  in  the u lt ra v io le t  a b s o rp t io n  o f  the h exosam in e  

c o n c e n tr a t io n  d u rin g  fo u r  w eek s  . C h rom atogra ph y  and ion op h ores is  

a t in te rv a ls  o f  1 ,3 ,5 ,1 0 ,2 0 ,  and 30 days show ed  a gradual change 

f r o m  the in it ia l  so lu t io n , w h ich  con ta in ed  com pound  A  with on ly  

s m a ll  am ounts o f m a n n ose  and g lu co sa m in e  h y d ro ch lo r id e , to  the 

f in a l  s o lu t io n  w h ich  con ta ined  on ly  a v e ry  s m a ll am ount o f  

co m p o u n d  A  and qu ite la rg e  quantities o f  g lu cosa m in e  h yd roch lorid e  

and  m a n n ose  . T he sp ot o n  the ch ro m a to g ra m s due to the la tter  

w a s  s t r e a k e d , h o w e v e r , and extended  o v e r  the reg ion s  n orm a lly  

o c c u p ie d  b y  m a n n ose  and g lu c o s e  0 .7 5 ) .

D u p lica te  ch ro m a to g ra m s  o f  the fin a l so lu tion s  fr o m  the hot 

and c o ld  w a ter  h y d r o ly s is  e :^ e r im e n ts  w e r e  p re p a re d  and one w as
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s ta in ed  w ith  a lk a lin e  s i lv e r  n itra te  and one w ith h a p h th o re so rc in o l.

T h e  in d ica t io n s  o f  th o se  sta in ed  w ith  the io irm er reagen t have

b e e n  d e s c r ib e d  and n o  sp o ts  w e r e  o b s e rv e d  on  e ith er  o f  the

c h r o m a to g r a m s  w ith  p a p h th o r e s o r c in o l.  The p rod u cts  o f the

h y d r o ly s e s  w e r e  s e p a ra te d  by ion -ex ch a n g e  chrom atograph y  as

d e s c r ib e d  la te r  (p . 164) .

19 . H y d ro lY s is  o f  C om poun d  B

A  b a tch  o f  com p ou n d  se p a ra te d  by  n eu tra lis in g  and

f r e e z e -d r y in g  the a p p ro p r ia te  fra c t io n s  fro m  ion -exch a n ge

c h r o m a to g ra p h y , w a s  d is s o lv e d  in  w ater, and a se con d  batch  w as

d is s o lv e d  in  2N h y d r o c h lo r ic  a c id  and the vo lu m e o f so lu tion  was

ab ou t 2 0  m l   ̂ in  each  c a s e  . A liq u ots  o f  each  so lu tion  w e re  diluted

f o r  m e a su re m e n t o f  the u ltra v io le t  a b sorp tion  c u r v e , and h exosam in e
171d e te rm in a tio n s  by  th e  E ls o n -M o r g a n  re a c t io n  w e re  ca r r ie d  

ou t on  th e  o r ig in a l  so lu tion s  .  T h e two solu tion s w e re  re flu xed  

f o r  s e v e r a l  h o u rs  an d  a s lig h t in c r e a s e  in in tensity  o f  theinititd< 

p a le  y e llo w  c o lo u r  w as o b s e r v e d .  S am ples w e re  re m ov ed  a fte r  30 

m in u tes  and h o u r ly  a ft e r  the f i r s t  h o u r , and w e re  diluted fo r  

u lt r a v io le t  a b s o r p t io n  m ea su rem en ts  j(284 m ji .)  . Hexosanrine 

d e te rm in a tio n s  w e re  m ade on the undiluted sa m p les  . In neither ca se  

w a s  the fo r m a t io n  o f  h e x o sa m in e  o b s e rv e d  and the a b sorp tion  o f 

th e  aq u eou s s o lu t io n  w as p r a c t ic a l ly  unchanged a fte r  10 hours heating 

T h e  a b s o r p t io n  o f  the so lu tion  in  2N h y d ro ch lo r ic  a c id  was g rea tly
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d e cT e a s e d  a ite r  a n  h o u r 's  heatin g  and v e ry  s o o n  w as v irtu a lly  

r e m o v e d  . T h e a b s o r p t io n  cu rv e s  and the aqueous so lu tion  a fte r  

10  h o u r s ' heatin g  w e r e  ob ta in ed  and a r e  i llu s tra te d , w ith those 

o f  the so lu tion s  b e fo r e  h ea tin g , in  fig u re  36 (p .  114). The so lu tion  

in  h y d r o c h lo r ic  a c id  r e q u ir e d  le s s  d ilu tion  fo r  a b sorp tion  

m e a s u re m e n ts  a ft e r  heatin g  than  b e fo r e  heating (d ilu tion  o f 40, 

c o m p a r e d  w ith  80) .

T h e  aqueous so lu tion  a fte r  heating w as ap p lied  to  the 

io n -e x c h a n g e  ch rom a tog ra p h y  co lu m n  and u ltra v io le t  a b sorp tion  

w a s  fou n d  in  the s a m e  r e g io n  o f  the fra ct io n s  as p r e v io u s ly .

2 0 .  D is tr ib u tio n  C o e ffic ie n ts  o f C om pound B

C om pound B w a s  e lu ted  in  fra ct io n s  85 to  91 w hen a batch  

o f  the r e a c t io n  m ix tu re  w as se p a ra te d  by  ion -ex ch a n g e  ch ro m a ­

tog ra p h y  ( p .  152). T h e ex tin ction  c o e ff ic ie n t  (h r  o p tica l density) 

a t  284 mjjL. (284) o f  fr a c t io n  86 w a s  1 .8 0  and this fra c t io n  was 

u s e d  f o r  d is tr ib u tion  e x p e r im e n ts  w ith  eth er and c h lo r o fo r m .

A n  a liq u ot o f  fr a c t io n  86 (11 m l . )  w as shaken  w ith an equal 

v o lu m e  o f  c h lo r o fo r m  and the tw o p h a ses  a llow ed  to  s e p a r a te .

T h e  a b s o r p t io n  o f  e a ch  p h a se  at 284 m p,. w as m ea su red  against the 

a p p ro p r ia te  so lv e n t b lank (s o lv e n t  b lanks w e re  p re p a re d  by shaking 

eq u a l v o lu m e s  o f  0 .3N  h y d r o c h lo r ic  a c id  and c h lo ro fo r m  and 

se p a ra tin g  th e  tw o p h a ses ) . The aqueous phase w as again  extracted  

w ith  an  equ a l vo lu m e o f  c h lo r o fo r m  and th ^ (2 8 4 ) o f  each  phase was
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aga.in m e a s u r e d ^  T h is  p r o c e d u r e  w as re p e a te d  tw ice  m ore .

an d  the d is t r ib u t io n  o r  p a r t it io n  c o e f f ic ie n t  o f  com pound  B  was

c a lc u la te d  a s  the r a t io  o f the a b s o rp t io n  o f the tw o equ ilibrated
a b s o r p t io n  o f  c h lo r o fo r m  phase

p h a ses^  i . e  . = a b s o r p t io n  o f aqu eou s p h ase  . The a^verage

v a lu e  o b ta in e d  f r o m  fo u r  m e a su re m e n ts  (w hich  a g re e d  c lo s e ly )  

w a s  0 .31 a t  1 6 .

E th e r  w a s  us ed in ste a d  o f  c h lo r o fo r m  in  a repea t o f the 

ei^qperiment d e s c r ib e d  a b ove  and an  a v e ra g e  value fo r  o f  0 .2 6  

a t  1 6 '=̂ C . w a s  o b ta in e d .

2 1 . S e p a ra t io n  o f  C om pou n d  B b y  E th er E x tra ct io n

A  la r g e  b a tch  o f  the m ix tu re  obta ined  by  heating m annose 

and  g lu c o s a m in e  h y d r o c h lo r id e  on c e llu lo s e  (p . 1&2) was eluted 

w ith  w a te r  and f r e e z e - d r i e d  . The f r e e z e -d r ie d  m a te r ia l w as 

d is s o lv e d  in  0 .3N  h y d r o c h lo r ic  a c id  (400 m l .) and the so lu tion  

e x tr a c te d  w ith  e th e r  using a continuous e x tra c tio n  apparatus .

A f t e r  d ry in g  o v e r  an h ydrou s m a g n es iu m  sulphate^ the ether (about 

400 m l w as e v a p o ra te d  under re d u ce d  p r e s s u r e  to  lea ve  a sm a ll 

am ou n t (a b ou t 0 .5  m l . )  o f  a m ob ile^  g o ld e n -b ro w n  liqu id  w hich 

w a s  s to r e d  in  the r e fr ig e r a t o r  . In la te r  e?q)erim enta^ the eluate 

f r a c t io n s  w e r e  n e u tra lis e d  w iih  sod iu m  b ica rb o n a te  p r io r  to  ether 

e x tr a c t io n  *
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2 2 .  I o n o p h o r e t ic  and  C h ro m a to g ra p h ic  B eh av iou r o f  Com pouiid B

C om p ou n d  B p rep a .red  by  eth er ex tra c tio n  as d e scr ib e d  

a b o v e  w a s  e x a m in e d  by  io n o p h o re s is  in  a ce ta te  buffer^ pH 5 

an d  io r m a te  b u f fe r ,  pH  2 , u sin g  N o . 1 f i l t e r  p a p er  . The 

io n o p h o r e to g r a m s  w e r e  ex a m in ed  under u ltra v io le t  lights but 

a p a rt  f r o m  the s m a l l  m o v e m e n t due to  e le c tro e n d o s m o s is  there 

w a s  n o  m ig r a t io n  o f  the su b sta n ce  in  e ith er  c a s e .

A  c h r o m a to g r a m  o f  com p ou n d  B  ex tra c te d  fr o m  the acid  

e lu a te  fr a c t io n s  on  N o . 1 p a p e r  w as d ev e lo p e d  fo r  16 hours . 

E x a m in a tio n  w ith  u ltra v io le t  ligh t sh ow ed  that the m a te r ia l w as 

n ot q u ite  h o m o g e n e o u s , f o r  tw o spots w e re  found m oving quite 

c l o s e  to the so lv e n t f r o n t .  T he s lo w e r  m ov in g  spot was m uch le s s  

in te n se  than the fa s te r  one and th e ir  r e s p e c t iv e  values w ere  

0 .78 and  0 .83 . A  ph otogra p h  taken  by tra n sm itted  u ltrav io let 

l ig h t  is  r e p ro d u ce d  in  F ig u re  34  {p  J13 ) and iden tica l spots w ere  

p r o d u c e d  o n  sta in ing  w ith a n ilin e  h y d ro g e n  phthalate . Sam ples 

o f  com p ou n d  J3 e x tra c te d  fr o m  n e u tra lise d  eluate fra ct ion s  w ere 

c h r o m a to g r a p h ic a lly  h om ogen eou s  and h ad  R  values o f  0 .77 .

A b s o rp t io n  at 284 m p .  in  the e iuate fra ct ion s  furn ished by 

io n -e x c h a n g e  ch ro m a to g ra p h y  o f  com p ou n d  B com m en ced  with 

fr a c t io n  86 and ex ten d ed  o v e r  about 20 fra c t io n s  . This is  the p os it io i 

o f  e lu tion  o f  com p ou n d  B  fr o m  the re a c t io n  m ix tu re  (s e e  figu re  33,

P .  103
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2 3 .  P r e p a r a t io n  o f  H M F

H M F  w as p r e p a r e d  fr o m  s u c r o s e  using the m ethod
fl81'd e s c r ib e d  b y  H aw orth  an d  Jones .  ̂ S in ce  the p r e c is e

co n d it io n s  w h ich  th ey  s p e c i f ie d  cou ld  not con ven ien tly  be u sed ,

20 0  g . o f  s u c r o s e  and  1 . 4  g . o f  o x a lic  a c id  weire d iss o lv e d  in 

600  m l . o f  d is t i l le d  w a te r  and h ea ted  in  an  a u toc la v e  at 5 to  6 

a t m o s p h e r e s  an d  a te m p e ra tu re  o f  130°C . fo r  2 ^ hours and then 

a llo w e d  to c o o l  s lo w ly  . E x tra c t io n  o f  HM F fr o m  the filte re d  

r e a c t io n  m ix tu re  w as e f fe c te d  in  the m anner u sed  by Haworth 

a n d  J o n e s , and the c r u d e , d a rk  b ro w n  p rod u ct w as d is t illed  under 

v a cu u m *  A  ligh t y e llo w  o i l  (y ie ld , 12 g d is t il le d  at 115°C * 

an d  a presaure^ o f  0 .12  m m .  o f  m e r c u r y , and a s ligh tly  darker 

c o lo u r e d  fr a c t io n  w as ob ta in ed  fr o m  the tem p era tu re  range 118 

to  122°C  .

2 4  . Io n -e x ch a n g e  C h rom a tog ra p h y  o f  H M F , F u r fu ra l, and 

SalicYla^ldehyde

A  s m a ll  quantity o f  H M F (O .1 m l .) was d is s o lv e d  in  0 .3N 

h y d r o c h lo r ic  a c id  (10 m l .) and  ap p lied  to the p rep a ra tiv e  ion - 

ex ch a n g e  co lu m n  (p . 136) - The a b sorp tion  ( eluate

fr a c t io n s  w as m e a s u re d  and w as f i r s t  o b s e rv e d  in  fra ct io n  85 and 

b e g a n  to  d im in ish  a fte r  fr a c t io n  100 .

A  so lu t io n  o f  fu rfu ra ld eh yd e  (0 .2 m l . )  in  0 .3N  h y d ro ch lo r ic  

a c id  (14 m l .) w as p a s s e d  through the ion -ex ch a n g e  colum n and the 

e lu a te  fr a c t io n s  w e r e  scan n ed  b y  m ea su rin g  the a b so rp tio n  at 285 m p
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FraLctions 107 to  130 ex h ib ited  th is  a b sorp tion ^

S a iicy la ld e h y d e  (O .1 m l .)  w as d is s o lv e d  in  0 *3N h y d ro ch lo r ic  

a c id  a n d  a  p o r t io n  o i  the so lu tion  (20  m l* ) w as a p p lied  to the c o lu m n . 

A n  aliq^not o f  the s o lu t io n  w as d ilu ted  fo r  m ea su rem en t o f  the 

a b s o r p t io n  c u r v e  (d ilu t io n  = 11 ) and  a m a x im u m  w as o b s e rv e d  

a t 255 rtip . T he absoj^^tion  o f  e lu a te  fra c t io n s  at this w avelength 

w a s  th e r e fo r e  m e a s u r e d , but not until fra c t io n  300 w as any 

a b s o r p t io n  o b s e r v e d  and the a b s o rp t io n  extended  o v e r  about 25 

fr a c t io n s  . T h e  p o s it io n  o t  e lu tion  o f  th is  com poun d  w as conS^rmed 

to  w ith in  1 % in  tw o re p e a t  e x p e r im e n ts  ,

T h e  r e la t iv e  e lu t io n  p o s it io n s  o f  th ese  th ree  com pounds 

is  sh ow n  in  f ig u r e  44 (p  , 133)^ in w h ich  the a b so rp tio n  cu rv e  o f  

s a lic y la ld e h y d e  is in s  et 1,

25  ,  S e p a ra t io n  o f  the H y d ro ly s is  P r o d u c ts  fr o m  C om pound A

T h e aqu eou s so lu t io n  o f com pou n d  A  w hich  had been  heated

f o r  12  h ou rs  w as fra c t io n a te d  by  io n -e x ch a n g e  ch rom a togra p h y

an d  the f r a c t io n s  w e re  sca n n ed  by  m eans o f  the o rc in o l* su lp h u r ic

a c id  r e a c t io n  (w h ich  w as u se d  e x a ctly  as d e s c r ib e d  by  Svennerholm
171the E ls  o n -M o r g a n  r e a c t io n , and  m ea su re m e n t o f  the a b sorp tion  

a t 2 8 4m p *

C o n fo u n d s  g iv in g  a p o s it iv e  r e a c t io n  in  the o r c in o l  test 

w e r e  o b s e r v e d  in  fra c t io n s  23 to 33  and the absoi^^tion cu rv e  o f 

r e d .-b ro w n  so lu t io n s  w a s  ob ta in ed  and is  in c lu d ed  in  f ig u r e  37 (p * 116) ,
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A b s o rp t io n  at 284 w as foujid  in  fra ction s 86 to 99 . A  very

s lig h t re d  c o lo r a t io n  was obtained in  the U lson -M organ  reaction  

fr o m  fra c t io n s  100  to 10 2 , and a stron g  rea ction  w as produced by 

fra c t io n s  145 to  158 .

F ra c t io n s  23 to  33 w ere  bulked^ neutra lised  with d i-n -  

octy lm eth ylam ine^  and fr e e z e -d r ie d ,  and the m a teria l was 

d esign a ted  A l .

One o f  the u ltra v io le t absorb in g  fraction s was retained for 

m ea su rem en t o f the u ltra v io le t ab sorp tion  curve and determination 

o f  d istrib u tion  co e ffic ie n ts  betw een  the solu tion  and both ch lo ro ­

fo r m  and e th er  a s  d e scr ib e d  fo r  com pound B (p .160 ) .  The 

re m a in d e r  w ere  bulhed and ex tracted  with ether using a continuous 

l iq u id -liq u id  ex tra ction  apparatus, but in repeats of the experim ent, 

fra c t io n s  w e re  n eu tra lised  b e fo re  ex traction , o r  the solution  ex ­

tra c te d  b e fo r e  separation  on the colum n# The ether solutions w ere 

d r ie d  o v e r  anhydrous m agnesiu m  sulphate b e fo re  evaporation  of the 

e th er to lea v e  a m o b ile , p a le  y e llow  o il  and this was A 2 . The 

d is tr ib u tio n  co e ffic ie n ts  obtained f o r  A 2 betw een the h ydroch loric  

a c id  and c h lo ro fo rm  o r  ether w e re  0^28 and 0 .23 .

T h e th re e  fra ction s  (lOO to 102) w hich  gave the w eak E lson - 

M organ  rea ction  w ere  d isca rd ed  becau se  this was a lm ost certainly 

due to u n h ydrolysed  com pound A .  F raction s  145 to 158 w ere  bulked 

and evap orated  to  low  volum e under reduced  p re s s u r e , w ater being
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ijtrequently added in o rd e r  to d is t il  the h y d roch lo r ic  acid^ and 

a brow n  so lu tion  of A3 was obta in ed .

T h ese  th ree  su bstan ces (A l, A2 and A 3) w ere  analysed 

ch rom a tog ra p h ic  a lly , the ch rom a togra m s being stained with 

a lka lin e  s ilv e r  n itra te  . A1 contained two components^ one of 

w h ich  had the sam e value as m annose and the other, whichI
w as p re se n t in  v e ry  m uch sm aU er quantity, w as som ewhat 

s lo w e r  m oving  having o f 0 ,78 w hich is equal to that of 

g lu c o s e  4 A 2 w as ch rom a togra p h ica lly  hom ogeneous when 

e x tra cted  fro m  a neutral so lu tion , and m oved  very  c lo se  to 

the so lv en t fr o n t . The stain with s ilv e r  nitrate was in the 

sam e p o s it io n  as the spot ob serv ed  with u ltravio let light and 

its R^ value (O .78) is the sam e as that o f  com pound B . A  

sp ec im en  ex tra cted  fr o m  an a c id  so lu tion  contained two co m ­

pounds having values o f  0 .84 and 0 .77 . The R^^ value 

( 0 .5 4 )  o f  A 3 , w hich w as ch rom atograph ica lly  hom ogeneous, 

is the value obtained fo r  g lu cosam in e h ydroch loride  .

The so lu tion  of com pound A  w hich had been  allow ed to 

h y d ro ly se  by  standing fo r  fou r  w eeks at room  tenq^erature was 

a ls o  sep arated  on  the p rep a ra tive  ion -exchange co lu m n . The 

fra ction s  w ere  scanned with the orcin ol-su Jph u ric acid and 

E lso n -M o rg a n  rea ction s  and p ositive  reactions w ere obtained 

in  the fo rm e r  from  fra ction s 24 to 30, and in the latter from  

fra ction s  97 to 102  (a v e r y  weak reaction ) and fractions 148 to 

157 .
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F ra ctio n s  24 to 30 w ece  bulked^ neutralised^ and 

f r e e z e -d r ie d  and constituted A4 . The fra ction s giving the 

w eak  re a ctio n  with E lson '-M organ  reagent (97 to 102) w ere 

d is ca rd e d  and the fra ction s  148 to 157 w ere bulked and 

evap orated  as d e scr ib e d  above to  furnish  A5 ^

C h rom atogra ph ic  exam ination o f A4 and A5 showed 

that the fo r m e r  p rob a b ly  contained at least two com ponents 

fo r  a strea k  was obtained in the positions o f m annose and 

g lu co se  1 .0  to  0 .75 ), and the latter was hom ogeneous

and had R . , value o f 0 .5 4  w hich  is that of g lucosam ine hydroM  c. ^

ch lo r id e  .

26 . H y d ro ly s is  o f  A2

A  p a rt of A2 (about 0 .05 m l^  w as d isso lv ed  in water 

(20 m l . )  and the so lu tion  d ivided into two parts . One was 

d ilu ted  with an  equal volu m e o f w ater and the other with an 

equal volum e o f  4N h y d ro ch lo r ic  acid  . These two solutions 

w e re  then refluxied and sam ples taken p er iod ica lly  and diluted 

fo r  m ea su rem en t o f  d ie  ab sorp tion  at 284 m p  and for  E lson - 

M organ  determ inations ^on undiluted sam ples) . The ob serv a ­

tion s w e re  the sa m e as those on  the h ydro lysis  o f  com pound B 

(p * 159 i  -e . that the aqueous solution  rem ained unchanged, 

but heating w ith a c id  rap id ly  reduced  the absorption  and 

changed  the shape o f the c u r v e .  In neither ca se  was any pink
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co lo ra t io n  ob serv ed  in theJEllson-Morgan re a c tio n . The 

a b sorp tion  cu rv es  fo r  the acid  solution  b e fore  and after 

h y d ro ly s is  a re  shown in figu re  36 (p , 114 ) .

27 . C h a ra cte r isa tion  o f  A1 and A4

The fr e e z e -d r ie d  m ateria ls^  A1 (about 40 g . )  and A4 

(about 25 m g w ere  separately  d isso lved  in w ater (2 m l .) 

and each  so lu tion  was exam ined by ionoph oresis in borate 

buffer^ pH 10 . The ionopho retog  ram s w ere  stained with 

a lkaline s ilv e r  n itrate and that o f A1 showed the p resen ce  of 

m an n ose (M ^ , 0.52)^ a sm a ll spot attributable to glucose 

(M ^  1 *0) 3.nd tra ce s  o f substances having values of 0.68  

and 0 ,81 . That o f  A 4 had two spots o f  s im ila r  intensity having 

values o f 0 .55 and 1 .0  and these w ere  attributed to mannose 

and g lu cose  r e s p e c t iv e ly . The resu lts o f  paper chrom atogram s 

o f  the m a ter ia ls  con firm  these findings (p -H&6 ) .

T he com ponents o f  the tw o solutions w ere  then separated 

by p ap er chrom atography on  4 sheets o f  No . 1 filte r  paper .

Guide s tr ip s  w ere  cut from  the paper and stained with alkaline 

s i lv e r  n it ra te . Bands correspon d in g  with these stains (a heavy 

one attributable to m annose and a weak one attributable to 

g lu co se ) w e re  cut fro m  the sheets and eluted by pu3ping in 

d is t ille d  w ater . The extracts w ere  filte red  and the pulps 

w ashed with w a ter , and the filtra tes  and washings from  the 

re sp e c tiv e  m a teria ls  w ere  bulked and fr e e z e -d r ie d . Methanol
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ei^tiracts o f  the i r e e z e -d r ie d  residu es w ere c la r ified  by 

cen tr iiu g a tion  and evaporated  to  a volum e o f about 0 .1  m i .

The con cen tra ted  m ethanol extracts w ere  refluxed 

fo r  30 m in utes with p -n itra n ilin e  reagent (1 .5 m l . )  and 

a llow ed  to c o o l .  Y ellow  c ry s ta ls  w ere  obtained from fhe 

tw o su sp ected  m annose fra ction s  on trituration  o f  the cold  

so lu t io n s , but nothing w as obtained fr o m  the other (g lu cose) 

fraction s^  even  a fter  concentrating  the solutions .

The crysta ls  w ere co lle cte d  a fter  centrifuging and 

w e re  r e c r y s ta ll is e d  fro m  m eth a n o l. The y ie ld  fro m  A1 was 

abou t 3 m g . and its m  .p t . w as 208^C which was undepressed 

on m ix in g  with an authentic sp ecim en  of m annose-p -n itran iH de. 

A n  even  lo w e r  y ie ld  was obtained from  A4 and there was 

su ffic ie n t  m a teria l on ly f o r  m .p t .  determ ination  (208^C) .

The p -n itra n ilin e  reagent was fresh ly  prepared  by 

d isso lv in g  0 .9 g . o f  p -n itran ilin e  in 20 m l .  o f m ethanol 

containing 0 .02 m l . o f concentrated  h yd roch loric  a c id .

28 . C h a ra cter isa tio n o f  A 2 and Com pound B

The y e llow  liqu ids obtained by evaporation  o f the ether 

so lu tion s o f com pound B , and o f A2 w ere  d isso lved  in water 

(5 m l . and 2 m l . ,  r e sp e c tiv e ly ) and a drop o f ethanol was 

added to  c la r i fy  the solutions . T o these solu tions, an equal 

vo lu m e o f  a so lu tion  o f  2: 4 -d in itrophenylhydra 5̂ ine in 2N h y d ro ­

c h lo r ic  a cid  was added and an o ra n g e -re d  p recip ita te  was



-170-

p T od u eed  in  e a c h  c a s e .  T h e s e  w e re  ce n tr ifu g e d  and 

r e c r y s t a l i i s e d  f r o m  aqu eous e th a n o l, and the crysta ls  w e re  

r e c o v e r e d  b y  c e n tr ifu g in g  an d  w e r e  d r ie d  in a vacu um  

d e s i c c a t o r  o v e r  c a lc iu m  c h lo r id e .

In the sa m e  m a n n e r , the 2 :4 -d in itrop h en y lh y d ra zon e  

o f  a s p e c im e n  o f  H M F  w a s  p r e p a r e d  and its m . p t . w as ZOl^C 

( s e e  a ls o  r e f .  174)-

T h e  m e lt in g  p o in ts  o f  the d e r iv a ^ s  p re p a re d  fro m

co m p o u n d  B an d  A 2  w e r e  d e te rm in e d ; that o f  the com pound B

d e r iv a t iv e  w a s 200  to  2 0 2 ^C and w as u n d ep ressed  on adm ixture

w ith  H M F  d e r iv a t iv e ,  and that o f  the A2 d e r iv a t iv e  was 198 to

2 0 1 *̂ 0 , but th e re  w a s in s u ffic ie n t  m a te r ia l  fo r  a m ix e d  m eltin g

p o in t  d e te rm in a tion ^

29 ,  C h a r a c te r is a t io n  o f  A 3 and A5

A n  ion op h oretogra n u  c a r ry in g  A 3 , A 5 , and gh icosam ine

h y d r o c h lo r id e  as a r e fe r e n c e  w a s  sta in ed  w ith n in h yd rin an d

s in g le  sp o ts  w e r e  ob ta in ed  fr o m  A 3  and  A5 in  the sam e

p o s it io n  as that fr o m  the r e fe r e n c e  co m p o u n d .

T h e c o n ce n tra te d  aqu eous so lu tion  o f  A3 w as co o le d

to about - 1 0 ^C a n d  c o ld  a ce ton e  w as added  to  the so lu tion
l67until a fa in t , p e r m a n e n t p r e c jp ita te  fo r m e d  . The solu tion  

w a s  then a llo w e d  to stand o v ern ig h t in  the r e fr ig e r a to r  and 

m o r e  a ce to n e  w a s a d d e d , a s  b e fo r e  . G radu al a d d ition  of 

a ce to n e  w a s con tin u ed  in  th is m an n er during a w eek , until 

n o  fu rth e r  c r y s ta R is a t io n  o c c u r r e d .  The c r y s ta ls  (y ie ld .
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88 YYig .)  w e r e  f i l t e r e d  and d r ie d  and a sa m p le  w as subm itted  

f o r  in f r a - r e d  a n a ly s is  (p o ta ss iu m  c h lo r id e  d i s c ) .  The r e ­

m a in d e r  w a s  a c c u r a t e ly  w e ig h ed  and d is s o lv e d  in  d istilled  

w a te r  (5  m l . )  and the o p t ica l  r o ta t io n  o f  the 80^ution w as 

m ea su red ^  u s ing a 0 .5 dm . tu b e , in it ia lly  and at h ou rly  

in te r v a ls  u n til e q u ilib r iu m  w as e s ta b l is h e d . T he s p e c if ic  

r o ta t io n  w as in it ia lly  + 8 6 ° and the e q u ilib r iu m  value +69°

( c ,  1 .6 9 j w a te r )  . The in fr a -r e d  s p e c tru m  w as iden tica l
182w ith  that o f  o ,-P -g lu c o s a m in e  h y d ro ch lo r id e

A fte r  m easnreTYient o f  the o p tica l rotation^ the

so lu t io n  w as f r e e z e -d r ie d  and r e d is s o lv e d  in about 0 5̂ m l .

o f  w a te r  f o r  p r e p a r a t io n  o f the N -ca rb o b e n z o x y  d eriva tive

(y ie ld s  3 0  fo ilow iz ig  th e p r o c e d u r e  d e s c r ib e d  by C h argaff
203and B o v a r n ic k  * T he m e ltin g  p o in t o f the compound^ a fter  

r e c r y s t a l l is a t io n  fr o m  30% v / v  m eth a n ol in water^ was 211 to 

213^ C (d e co m p  .) and th is w as u n d e p re sse d  on  adm ixture with 

an  au th en tic  s p e c im e n .

30 * U ltra v io le t  A b s o rp t io n  C u rve o f L a evu lin ic  A c id

A  so lu t io n  o f  la e v u lin ic  a c id  (0 .2 g .) in  0 .3N  h y d ro ­

c h lo r ic  a c id  (3 0  m l* )  w as p re p a r e d  and its u ltra v io le t  a b sorp tion  

s p e c t r u m  w a s  m e a s u r e d . T h e a b so rp t io n  cu rv e  is shown in 

f ig u r e  36 C and  th e re  is  a b r o a d  p e a k  w ith a m axim um  at 265
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3 1 . C o lo u r  T e s t s  i o r  A m a-dori R e a r r a n g e m ^ t  CompoTinds

S o lu t io n e  o f  com p ou n d  A ,  both  o f  the f r e e z e -d r ie d

^m aterial o b ta in e d  a f t e r  ion^ exch an ge ch ro m a to g ra p h y  an d

the a c id  f r a c t io n s  f r o m  th e  io n -e x c h a n g e  r e s in , w e re  m ade

s lig h t ly  aU caline w ith  sod iu m  h y d ro x id e  so lu tio n  and

s e p a r a t e ly  t r e a te d  w ith  so lu t io n s  (0*01% w /v )  o f  m ethylene
183b lu e  and  2 t6 -d ich lo r o p h e n o lin d o p h e n o l . T h e re  w as no 

r e d u c t io n  in  th e  in ten s ity  o f  the b lu e  c o lo u r  in  e ith er c a s e , 

ev en  a ft e r  sta n d in g  fo r  s e v e r a l  hours and s im ila r ly , there 

w a s  no r e d u c t io n  o f the c o lo u r  b y  an  a lk a lin e  so lu tion  o f 

g lu c o s e  p -n it r a n i l id e  (N -p -n itro p h e n y l-g lu co s y la m in e )^  In 

a c o n t r o l  t e s t  u s in g  a 0,1%  w /v  so lu t io n  o f  a s c o r b ic  a c id  

the b lu e  c o lo u r  w as re m o v e d  in stan tly  fr o m  an  alkaline 

s o lu t io n  o f  2^6 -d ich lorop h en o lin d op h en cd  ^

T h e  sa m e  tw o co lo u r  te s ts  w e r e  ap p lied  to  sa m p les  

w ith d ra w n  fr o m  a q u eou s so lu tion s  o f  com p ou n d  A  a fter  

v a r io u s  p e r io d s  (up to  s e v e r a l  h ou rs ) o f  h ea tin g , but again  

th e r e  w a s  no r e m o v a l  o f  the blue c o lo u r  . A  so lu tion  contain ing  

co m p o u n d s  A  and C d id  d e c o lo r is e  e ith e r  reagen t b e fo r e ,  

d u r in g , o r  a fte r  h eatin g  a t lOO^C . fo r  12 h ou rs  ,

A  s o lu t io n  con ta in in g  com p ou n d s A  and C did^produce 

an y  c o lo u r  in  the c o ld , o r  on b o ilin g  f o r  one m in ute , w ith  a 

s o lu t io n  o f  r e s o r c in o l  in  h y d r o c h lo r ic  a c id  (the S e liw a n off te s t  ) 

A  p in k  c o lo u r  w as ob ta in ed  in  the c o ld  w ith  so lu tion s  o f  co m

204.
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p ou n d s B  and A2^ a n d  w ith  a so lu tion  o f com p ou n d  A  w hich  

h ad  b e e n  b o i le d  f o r  s ix  h o u rs  . C o n tro l te sts  w ith solutions 

o f  im ow n  s u g a rs  sh ow ed  that m a n n ose  and g lu cosa m in e  

h y d r o c h lo r id e  gave  n o  c o lo u r  in  the c o ld  o r  on b o ilin g  f o r  

One m in u te ; a  p in k  c o lo u r  d e v e lo p e d  ra p id ly  on h eating  with 

f r u c t o s e ,  and H M F  g a v e  a s tro n g  p ink  c o lo u r  in  the c o ld .

32   ̂ H ea t T r e a tm e n t  o f  M a n n ose  on C e llu lo s e

C e l lu lo s e  p o w d e r  (8 g .) w^^ . s lu r r ie d  in  an aqueous 

s o lu t io n  o f  m a n n ose  ( l  g . in  40 m l . }  and f r e e z e - d r i e d .  The 

s u s p e n s io n  w a s  h eated  in  an oven  at 100^C fo r  hours and 

e lu ted  w ith  d is t i l le d  w a ter  (5 0  m l . )  . An a lm o s t  c o lo u r le s s  

s o lu t io n  w as ob ta in ed  and its u ltra v io le t  a b so rp t io n  sp ectru m  

w a s  m e a s u r e d  w ithout d ilu tion , and is  show n in f ig u re  3?  B 

( p . 119 ) .

33 . H eat T re a tm e n t o f  GlucosatrLine H y d ro ch lo r id e  on- C e llu lose

A  su R peasion  o f  c e l lu lo s e  p ow d er  (8 g .) in  an aqueous 

s o lu t io n  o f g lu co sa m in e  h y d r o ch lo r id e  (1 g - in 40 m l .) was 

f r e e z e - d r i e d  and the m a te r ia l  so  obta ined  w as h eated  in  an 

ov en  at 100 °C  fo r  1*3 h ou rs  , E lu tion  o f the c e llu lo s e  with w ater 

(5 0  m l . )  gave  a p a le  y e llo w  so lu tion  w hich was diluted  with a n - 

eq u a l v o lu m e  o f w ater  b e fo r e  m ea su rem en t o f  its u ltra v io le t 

a b s o r p t io n  s p e c t r u m . T h e a b so rp tio n  cu rv e  is  illu stra ted  in 

f ig u r e  39 B (p . 119 ) .
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3 4 .  T h e  E f fe c t  o f  H eat on  S olu tion s o f  M am iose and G lu cosam in e 

Ih ^ lro ch lo T id e

S o lu tion s  o f  m a n n ose  (6 m g . / m l . ) ,  o i  g lu cosam in e 

h y d r o ch lo r id e  (6  m g  . / m l . ) ,  and o f a m ix tu re  o f th ese two su^gars 

(3 m g .  each  /m l^ )  w ere  p re p a re d  in d is t illed  w a t e r . The three 

so lu t io n s  (20  m l . )  w e re  then rejEluxed on a bo ilin g  w ater bath 

fo r  16 h ou rs  and a liq u ots  (1 m l^) o f  each  so lu tion  w ere  taken 

in it ia lly  and  a fte r  p e r io d s  o f 1, 2, 3 , 4 , 5 , and 16 h ou rs , and 

w e r e  d ilu ted  w ith  w a ter  (5 m l .) f o r  m ea su rem en t o f the absorption  

a t 284 T he in itia l and fin a l so lu tion s w e re  analysed  by

p a p e r  ch ro m a to g ra p h y , but no d iffe re n ce  was d is ce rn a b le  betw een 

the c o r re s p o n d in g  so lu tion s  w hen  ch rom a tog ra m s w e re  stained 

w ith  a lk a lin e  s i lv e r  n itra te  .

T h e  so lu t io n  o f m a n n ose  rem ain ed  c o lo u r le s s  a fter  16 hours 

heatin g  an d  n o  s ig n ifica n t  a b so rp tio n  d eve lop ed  during this p e r io d , 

bu t the so lu tio n s  con tain ing  g lu cosa m in e  h y d ro ch lo r id e  w e re  

g o ld e n -b r o w n  in  c o lo u r  and the gra d u a l d evelop m en t in a b sorp tion  

a t 284 m p,. w h ich  w as o b s e rv e d  is  show n as a p lo t  o f  the ab sorp tion  

(p e r  m g .  o f  g lu co sa m in e  h y d ro ch lo r id e  p e r  m l . )  against tim e in 

f ig u re  38 (p  118 ) . The a b so rp t io n  cu rv e  o f  the so lu tion  o f  the 

m ix tu re  o f  m a n n ose  and g lu cosa m in e  h y d ro ch lo r id e  was iden tica l 

w ith  that o f  the so lu t io n  o f  g lu cosa m in e  h y d ro ch lo r id e , and the 

cu rv e  o f  the la t t e r ,  m ea su red  a fte r  5 h ou rs heating , is shown in 

fig u re  39 ^  (p '̂ 1̂9 ) .
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.14
3 5 .  A u to  ra  dip gfraphv

T h e  r e a c t io n  o n  c e l lu lo s e  w as c a r r ie d  out using 

la b e lle d  m a n n o se  (g e n e ra lly  la b e l le d ) . The r a d io -a c t iv e  

m a n n ose  (O.Ol m C  m an n ose  (2 g . ) j  and g lu cosa m in e  h y d roch lorid e  

(2  g .) w e r e  d is s o lv e d  in  w a ter  (200 m l .) and c e llu lo s e  pow der 

(50  g . )  w as a d d e d . The s lu r r y  w as f r e e z e -d r ie d ,  heated in an 

o v e n  a t 100° G - f o r  1  ̂h ou rs  and eluted  with w ater . A  re fe re n ce  

sa m p le  o f  the e lu a te  w as s to r e d  in the r e fr ig e r a to r  and the 

r e m a in d e r  w as fr e e z e -d r ie d ^  The f r e e z e -d r ie d  m a te r ia l was 

d is s o lv e d  in w a ter  (40 m l . )  and th e  so lu tion  w as an alysed  by 

io n o p h o r e s is  and  ch rom a tog ra p h y  (16 h ou rs  developm en t) b e fo re  

a c id ify in g  with 2N h y d r o ch lo r ic  a c id  (7 m l . )  in  read in ess for 

s e p a ra t io n  o f the com p on en ts  by ion -ex ch a n g e  chrom atography  . 

lo n o p h o r e s is  sh ow ed  that the so lu tion  contained  com pound A j and 

p a p e r  ch rom a tog ra p h y  in d ica ted  that com pound B was a ls o  present* 

C om pound B w as d e tected  in  the eluate fra ction s  86 to 

95 w h ich  w e re  bulked, c a r e fu lly  n eu tra lised  with sod ium  b icarbon ate 

and e x tra c te d  w ith  ether (continuous extraction)^ and the ether 

s o lu t io n  w as d r ie d  o v e r  m a gn esiu m  sulphate and evaporated  to low 

bu lk  (a b ou t 1 m l .) under re d u ce d  p r e s s u r e  . The E lson -M orga n  

r e a c t io n  sh ow ed  com p ou n d  A  to  b e  p re se n t  in  fra ction s  97 to 105 

w h ich  w e r e  th e r e fo r e  bulked^ n eu tra lised  by  ex tra ction  with 

o c ty lm e th y la m in e  (p# 137), and f r e e z e -d r ie d .
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T he tw o p re p a ra tio n s  we:re an a lysed  ch rom a togra p h ica lly , 

and  com p ou n d  A  a ls o  by io n o p h o re s is  in  b o ra te  b u ffer  , The 

c h r o m a to g r a m  o f  com p ou n d  JB w as d evelop ed  fo r  16 hours and 

that o f  com p ou n d  A  fo r  60 h ou rs  . The solu tion  o f com pound A  

w a s  r e flu x e d  fo r  12 h ou rs  and aga in  an a lysed  by chrom atography 

and io n o p h o r e s is ,  but th is tim e  the ch rom a tog ra m  was developed  

fo r  on ly  16 h ou rs  ,

T he c h ro m a to g ra m s  o f  the rea ction  m ix tu re , com pound 

and the so lu t io n  o f  com pou n d  A  a fte r  heating w e re  exam ined and 

p h otog ra p h ed  w ith  u lt r a -v io le t  l ig h t . T h ose  o f  com pound B and 

the so lu t io n  o f com p ou n d  A  a fte r  heating w e re  le ft  in the dark in 

c lo s e  con ta ct  w ith a b ro a d  s tr ip  of X -r a y  film  (h eld  firm ly  betw een 

g la s s  p lates^  and the p o s it io n s  o f  the film  on the ch rom a togra m  

w a s  c a r e fu l ly  m a rk ed ) fo r  fiv e  w eek s . In the sa m e w ay, an 

a u tora d iog ra p h  of the ion op h ore tog ra m  o f com pound A  was set u p .

W hen the f ilm s  w e re  d ev e lop ed , a dark  spot appeared  on 

that w h ich  had b e e n  in con ta ct w ith the ch rom a tog ra m  o f com pound 

B . T h is  spot c o in c id e d  w ith that o b s e rv e d  w ith u ltra v io le t light, 

and fig u re  40 (p  .121) show s the autorad iograph  a lon gside  an 

u lt ra v io le t  ligh t p h otogra p h , the la tter  ca rry in g  a re fe re n ce  sam ple 

o f  H M F . T he sp ots  had R  va lu es o f  0 .7 8 , w hich is identical 

w ith  that o f H M F * A  s im ila r  sp o t , but v e ry  m uch w eaker, was 

o b s e r v e d  on  the a u torad iogra p h  o f  the so lu tion  o f  com pound A  which
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had b e e n  heated^ and other v e ry  w eak  spots w ere  o b se rv e d  w hich  

had m o v e d  m u ch  m o r e  s lo w ly  on the ch ro m a to g ra m ^ R ^  about 

0 .2 to  0 .3 ) . S pots on  the au torad iograph  o f the ion op h oretogram  

o f  com p ou n d  A  co rre s p o n d e d  w ith th ose  obtained on  staining the 

io n o p h o re to g ra m  w ith  a lk a lin e  s i lv e r  n itra te , and co m p rise d  a 

s tro n g  spot a ttribu tab le  to  com pound A , a m uch w eaker spot having 

valu e o f  1 .0  (p o s s ib ly  g lu c o s e ) , and a faint, streak ed  spot 

b e tw e e n  the tw o .

36 . F o rm a t io n  o f C om pound C

A  p re p a ra tiv e  ex p erim en t on ce llu lo se  pow der (p dSZ) 

w as in advertan tly  heated  at IZC^C . fo r  3 hours . The m a teria l was 

elu ted  in  the usual w ay  and an e x tre m e ly  d a rk , red d ish -b row n  

s o lu t io n  w as obtained  w hich  w as fr e e z e -d r ie d ,  d isso lv e d  in 0 .3 N  

h y d r o c h lo r ic  a c id  (400  m l . ) ,  ex tra cted  w ith ethnrrfor 48 hours to 

r e m o v e  com poun d  B , and then sep a ra ted  b y  ion -exch a n ge  ch ro m a ­

tog ra p h y  . A  n u m b er o f  v e ry  y e llo w  so lu tion s was found am ongst 

the e a r l ie r  eluate fra ct ion s  and s e v e r a l o f  the f ir s t  80 fractions 

sh ow ed  s o m e  a b so rp tio n  at m p . ,  g iv ing three sm a ll broad  

p eak s in  the fra c t io n  range 15 to  80, but there was v irtually  no 

u ltra v io le t  a b so rp tio n  in the fra c t io n s  beyond 85 . An unusually

la r g e  am ount o f  com pound  A w as ind icated  by the E lson -M orga n  
171r e a c t io n  in fr a c t io n s  96 to 108 w hich  w ere  b u lk ed . T w o further 

a liqu ots  o f  the re a c t io n  m ix tu re  w e re  sep arated  on the ion -exchange 

co lu m n  and th e ir  E lso n -M o rg a n  p o s it iv e  fra ction s  (96 - 108) w ere
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coro-bined w ith  th o s e  f r o m  the f i r s t  separation^ and the so lu tion  

w as n e u tr a lis e d  (d i*n .-octy lm eth y la m in e^  p  ̂ l3 ? )  and fre e z e ^  

d r i e d .

T h e  f r e e z e - d r i e d  p ro d u c t  w as d is s o lv e d  in  a little  w ater

(a b ou t 5 m l . )  a n d  ex a m in ed  by  io n o p h o re s is  and ch rom a tog ra p h y .

O n sta in in g  w ith  a lk a lin e  s i lv e r  n itra te , the ion op h oretogra m

in d ica te d  that com p ou n d  A , and s m a ll  quantities o f g lu cosam in e

h y d r o c h lo r id e  and m a n n ose  w ere  p re s e n t ; the sp ot due to  com pound

A  wELS u n u su a lly  e lo n g a te d . The ch rom a togra m  h o w e v e r , showed

that in  a d d ition  to  th ese  com p ou n d s, there was a la rg e  p rop ortion

o f  a new  com p ou n d  m ov in g  m o r e  s lo w ly  than com pound A  , The

. and R - , v a lu es  o f  th e  new  com p ou n d , w hich  w as nanred com pound G A  Ai
G , w e r e  0 .28 and 0 .1 4 , r e s p e c t iv e ly .  A  secon d  ion op h oretic  

s e p a r a t io n  o f  the m ix tu re  w as e f fe c te d , but instead  o f  the n orm al 

600  v o lts  f o r  4  h o u r s , a p oten tia l d if fe re n ce  o f  700 vo lts  was app lied  

f o r  6 h o u r s , and th e  sp o t  p r e v io u s ly  attributed to com pound A  w as 

th en  r e s o lv e d  into two sp ots  . The s lo w e r  had value o f  0 .58 ,

eq u a l to  that o f com pou n d  A , and the fa s te r  had o f  0 ^69 and

w a s  a ttr ib u ted  to  com poun d  C .

37 . P r e p a ra t io n  and P r o p e r t ie s  o f  Com pound C

A  s m a ll  a liq u ot o f the aqueous solution  containing com pounds 

A  and  C w as heated  on  a b o ilin g  w a ter  bath f o r  6 h ou rs  and then 

exa m in ed  by p ro lo n g e d  ion op h ores is   ̂ T h ere  w as no change in the 

in tensity  o f  the sp o t  due to  com poun d  C , but that fr o m  com pound A

ha.d a lm o s t  d isa p p e a re d  .
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T h e w hole  o f  the aqueous so lu tion  (se e  above) w as then 

re flu x e d  fo r  12 hours and sa m p les  w e re  p e r io d ic a lly  withdrawn 

fo r  ch rom a tog ra p h y  and io n o p h o r e s is . Both d irom a tog ra m s and 

ion op h oretogra m s^  w hich  a re  illu stra ted  in  figu re  41̂  showed 

that com p ou n d  A  w as gradu a lly  h y d ro ly se d  w h ilst com pound C 

rem a in ed  u nchanged . The in itia l p a le  y e llow  co lo u r  o f  the 

so lu t io n  changed  to  a deep  go ld en -b row n  and w as accom pan ied  

b y  a p r o g r e s s iv e  in c re a s e  in  the intensity  o f  absorption  at 284 tnp 

but no b ro w n  p re c ip ita te  w as fo r m e d .

A fte r  h ea tin g , the so lu tion  w as sep a ra ted  by ion -exchange 

ch rom a tog ra p h y  ( p . 152 ) . f r a c t io n s  95 to  103 gave a p ositive  

S ls o n -M o r g a n  re a c tio n  and w ere  th e re fo re  bulked, neutralised  

(d i-n -o cty lm e th y la m in e g  p*137 a n d fr e e z e -d r ie d ^  The fr e e z e -  

d r ie d  m a te r ia l w as d is s o lv e d  in  w ater (10 m l . ) ,  washed with 

c h lo r o fo r m , and exam in ed  by  io n o p h o re s is  and chrom atography, 

both  o f  w h ich  sh ow ed  the p re p a ra tio n  o f com pound C to  be h o m o ­

gen eou s . A  s m a ll p o r t io n  o f  ^he so lu tion  w as used  to exam ine 

the re a c t io n  o f com pound C (on  p a p e r  ch rom a tog ra m s) with a 

n u m ber o f  sp ra y  reagen ts and the rem ain der was fr e e z e -d r ie d  and 

w eigh ed  (y ie ld , 120 m g .)  .

S trip s  w e re  cut fro m  a p a p er  ch rom a togra m  carry in g  s ix  

sep a ra te  spots o f  com poun d  C and s e v e ra lly  sp ra yed  with ninhydrin, 

E ls o n -M o rg a n  rea g en t, a lkaline s i lv e r  n itra te , an iline hydrogen  

phtha late , a lk a lin e  tr ip h en y lte tra zo iiu m  c h lo r id e , and naphtho-
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r e s o r c in o l .  P o s it iv e  re a c t io n s  w e re  obtained w ith  a ll  but 

n a p b t h o r e s o r c in o l .  T he op tica l ro ta tion  o f  an  aqueous 

se^.ution o f the f r e e z e -d r ie d  p ro d u ct w as m ea su red  and the 

s p e c i f i c  ro ta t io n  w as +55^ ( c ,  3 .5 6  in w a te r ) .  A  sam ple of 

the fr e e z e  "d r ie d  com p ou n d  C w as subm itted  fo r  in fra -re d  

a n a ly s is  , The m a in  fea tu res  o f  the sp ectru m  w e re  a peak 

due to h y d r o c h lo r ic  a c id ,  two o r  p o s s ib ly  three peaks due to 

N "H  d e fo rm a t io n s , and the a b sen ce  o f a peak attributable to 

a ca rb o n y l g ro u p .

3 8 . H y d ro ly s is  and A n a ly s is  o f  Com pound C

C om pound C (6 m g .)  w as d is s o lv e d  in 2N h y d roch lor ic  

a c id  (O .35 m l .) and heated  fo r  3 hours in a bath o f boiling w ater 

A d rop  o f  the so lu tion  w as then re m o v e d  with a P asteu r pipette 

and n eu tra lised  w ith  s i lv e r  carbon ate  fo r  ch rom a togra p h ic  

a n a ly s is : the re m a in d e r  w as d ilu ted  w ith d is t ille d  w ater to 

about 20 m l . f o r  c o lo r im e t r ic  an a lyses  .

The ch ro m a to g ra m , w hich  c a r r ie d  r e fe r e n ce  spots 

o f  m a n n ose , g lu cosa m in e  h y d ro ch lo r id e , and com pound C , was 

sta in ed  w ith  a lka lin e  s i lv e r  n itrate and it show ed that com pound 

C had b een  co m p le te ly  h y d ro ly se d  to  m annose and glucosam ine 

h y d r o ch lo r id e  (fig u re  42 , p . 126) .

C o lo r im e t r ic  d eterm in a tion s o f  m annose and glucosam ine 

h y d r o ch lo r id e  w e re  m ade on the d ilu ted  h y d ro ly sa te  using the 

o r e in o l-s u lp h u r ic  acid^^^ and E lson-M organ^^^ rea ction s .
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s o lu t io n  o f com pou n d  C b e fo re  h y d ro ly s is  . The ratio  by w eight 

o f  m a n n o se  to  g lu cosa m in e  h y d ro ch lo r id e  in the so lu tion  was^ 

fo r  com p ou n d  G b e fo r e  h y d r o ly s is j  64t66^ and fo r  com pound C 

a f t e r  h y d r o ly s is ,  6 4 :7 2 . T he a b so rp tio n  cu rv e  o f the co lo u r  

p ro d u ce d  in  the o r c in o l  re a ctio n  b y  the h yd ro lysa te  of com pound 

C w as m e a s u re d  and it had the sa m e  shape as the cu rve  obtained 

fro m  so lu tio n s  o f  m a n n ose  in this re a c tio n  (fig u re  37 , p . 116 ) * 

T h e h y d ro ly sa te  o f  com poun d  C was co lo u r le s s  and 

had v ir tu a lly  n o  a b so rp tio n  at 284 mp. ( ^  = 0 .061) .

3 9 . C r y s ta ll is a t io n  o f  C om pound Q

The f r e e z e -d r ie d  sa m p le  o f  com pound C (90 m g was 

d is s o lv e d  in  a l it t le  w a ter  (0 .5  m l . )  and methanol (O .2 m l . )  

w a s  a d d e d . A ce ton e  w as added to  th is so lu tion  until a faint 

p erm a n en t p re c ip ita te  fo rm e d  and the so lu tion  was allow ed  to 

stan d  ov ern ig h t in the r e fr ig e r a t o r .  V e r y  little  c ry sta llisa tion  

o c c u r r e d  during  th is  tim e . A  la rg e  e x ce s s  o f  aceton e  (about 

10 m l . )  w as added to the so lu tion , p rod u cin g  a white turbidity 

w h ich , on  standing a t 5 °C  f o r  s e v e r a l  h o u rs , settled  as a fine, 

h a r d , w h ite , c ry s ta llin e  p rec ip ita te  . T h is w as scra p ed  from  

the s id e s  o f  the v e s s e l  and the a c ^ n e  su sp en sion  was centrifuged  

T h e r e s id u e  w as w ashed  with aceton e  and again  ce n tr ifu g e d .

T h e  tw o  supernatant so lu tion s w ere  bu lked and a little  w ater was
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added  to  c la r i fy  the so lu tion  w h ich  w as then evaporated on a 

w a ter  bath to  r e m o v e  the a c e to n e , and fin a lly  f r e e z e -d r ie d .

T he c r y s ta l l in e , M e to n e -w a sh e d  res id u e  was scra p ed  

f r o m  the ce n tr ifu g e  tube and w as found to  be v e ry  h y g ro sco p ic  .

It w as d r ie d  under vacuum  at 6 0 °C and then tra n s fe r re d  to a 

vacu um  d e s ic c a t o r ,  and su bm itted  fo r  e lem en tal analysis . 

(F ou n d ; C , 3 6 .4 6 ; H, 6 .5 3 ; N , 4 .0 5 .  0^^1124^10^^^^^^^^^^

C , 37 .19; H , 6 .21; N , 3 .6 2 ) .
18740  ̂ OicidatiorL o f  CompouJid C w ith AJ^kaline H ypoiodite

C om pound C (59 w as d iss o lv e d  in w ater (5 .0 m l^ ) .

A n a liq u ot o f  the so lu t io n  (l.O  m l . )  w as p ipetted  into a stopppred 

fla sh  and O.IN iod in e so lu t io n  (1*0 m l . )  and sod ium  carbon ate- 

sod iu m  b ica rb on a te  b u ffe r  solution^ pH 10 .6 , (2 .0  m l w ere  

added . T h e s top p er  o f the fla sk  w as m oisten ed  with 10% (w /v ) 

p o ta ss iu m  io d id e  so lu tion  and the contents w ere  then allow ed  

to  stand  at r o o m  tem p era tu re  fo r  2 hours . A  con tro l e x p e r i­

m e n t  w as se t up using on ly  the reagen ts . The two solutions 

w e re  then d ilu ted  w ith  w a ter  (20  m l . ) j  and 2N su lphuric acid  

s o lu t io n  ( l  .5 m l .) w as a d d e d . The solutions w ere  titrated  with 

0 .OIN sod iu m  th iosu lphate so lu tion  using "thyoden e" in d ica tor  . 

The m o le c u la r  w eigh t (M )-o f com pound C w as ca lcu la ted  using 

the equation  g iven  b e low  and a value of 232 w as obta in ed .
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M = 2 X w eigh t o f su gar in  aliquot
m is  . 0 -OIN iod ine ab sorbed

A  b row n  p re c ip ita te  w as fo rm e d  w hen the iodine
188so lu t io n  w as added to com pound  C .  T h is  and ov er-ox id a tion  

m a y  h ave  g iven  a low  m o le cu la r  w eight and the experitnent 

w as th e r e fo r e  rep ea ted  in  duplicate using co ld  solutions (5^C^ 

the v o lu m es  being m e a su re d  at r o o m  tem peratu re) and the 

b ro w n  p re c ip ita te  w as again  p ro d u ce d  on m ixing the iodine and 

com p ou n d  C so lu tion s  . The co n tro l and exp erim en ts w ere  

a llow ed  to  stand in  the r e fr ig e r a t o r  fo r  24 hours b e fo re  the 

a d d ition  o f a c id  and titra tion  o f  the iodine .  The d^q^licate 

ex p erim en ts  w ere  in c lo s e  a g reem en t and a m otecular weight 

of 208 w as obta ined  .
20541. O xidation  o f C om pound C w ith  P er iod a te   ̂ .... -............. * * "* " ,

A  so lu tion  o f  com poun d  C (19 .0  m g .)  in 0 ,02M  sodium  

m e ta p er iod a te  (lOO m l -) w as p re p a re d  and the uptake, or 

a b s o rp t io n , o f p e r io d a te  by the com pound w as d eterm ined  

io d o m e tr ic a lly  a fte r  p e r io d s  o f  30 m in u tes, 2 h o u rs , and 4 hours  ̂

A liq u o ts  (10 m l .)  o f  the so lu tion  w e re  w ithdraw n at these intervals 

and sod iu m  b ica rb on a te  (about 1 g ^  w as a d d e d . Standard 

a r s e n io u s  o x id e  so lu tion  (0.02M ^ 25 m l . ) ,  p o ta ss iu m  iodide 

(about 0 .5 g .)  and m o r e  sod iu m  b ica rb on a te  (about 0 .5 g .)  w ere  

then  a d d ed , in  that o r d e r ,  and a fter  standing fo r  10 m in u tes, the 

so lu tion  was titra ted  with O^IN iod in e so lu tion  using ^^thyodene'*
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in d ica to r  t C on tro l exp erim en ts  using m annose {U  .7 mg . in 

100 m l .  0 .02M  p eriod a te  so lu tion ) and g lu cosam in e  h ydroch loride  

(10 .0 m g  . in  100 m l .  0 -02M  p eriod a te  solution ) w ere  c a r r ie d  out 

s im u lta n eou s ly  w ith  the ox idation  o f com pound C . The solutions 

w e r e  kept in  the dark  throughout the experim en t and co n tro l 

t itra tion s  w ere  m ade on the sod iu m  m etaperiodate  so lu tion  its e lf  

w ith  e a ch  t itra tio n  o f the su gar so lu tion s . T itra tion  o f the 

a r s e n io u s  ox id e  so lu tion  w ith  the iod in e  so lu tion  was used  to 

ch eck  the n o rm a lity  o f  the la tter  , and to fa c ilita te  ca lcu lation  

o f  the n um ber o f  m o le s  p f  p eriod a te  cnnsum ed by the sugars ^

A fte r  fo u r  h o u rs , the fo r m ic  a c id  re le a se d  in  each of 

the su gar so lu tion s  w a s  d e term in ed  by titra tion  o f the rem aining 

so lu t io n  (70 m l . )  w ith  0 .IN sod iu m  h ydrox ide  so lu tion . B efore  

t itra t io n , ethylene g lycol"^ ! m l .) v ^ s  added to  each  solution  to 

d e co m p o s e  the e x c e s s  p e r io d a te . The so lu tion s , together with 

a c o n tr o l  o f  an equal v o lu m e  o f  the p eriod a te  solu tion  (to which 

1 m l  . o f  ethylene g ly c o l  had been  added) w e re  titrated  with the 

stan dard  a lk a ii , n ot le s s  than 10 m inutes a fter  the addition  o f 

die g ly c o l ,  u sin g  m eth y l red  as the ind icator .

T he so lu tion  o f com pound C w as found to  consu m e ^ .3 . 

m o le s  o f  p e r io d a te  with the p rod u ction  o f A . i  m o le s  o f  fo rm ic  

a c id ,  p e r  m o le  o f com pound C . The co n tro ls  with m annose and
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g lu cosa m ijie  h y d roch lo r id e  consuTYied 4 .8  and 4 .5  m oles of 

p e r iod a te  with the form ation  o f  3 .8 and 3 .4  m oles  o f  form ic  

a c id ,  p e r  m ole  o f the su ga r, r e s p e c t iv e ly .
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Appendix

The m o s t  im portant single technique em ployed in this 

w o rk  was ion -exch a n ge  ch rom a togra p h y . M uch tedious 

a n a ly tica l w ork  was involved , p a rticu la r ly  in  Nie ea r lie r  

ex p e r im e n ts , in  the scanning o f  eluate fractions fo r  the 

d e tection  of the req u ired  m a ter ia ls  . This would he greatly 

red u ced  if  an autom atic re cord in g  d ev ice  cou ld  be  connected 

to the fra c t io n  cu tter to ind icate the p resen ce  o f  fractions 

containing m a te r ia l other than the e lu a n t. An apparatus based 

on  r e ira c t iv e  index  changes has been  used  fo r  this purpose 

but is expensive  and its con stru ction  is  rather c o m p le x . Two 

s im p le r  p o s s ib ilit ie s  w e re  th e re fo re  exam ined in collaboration  

w ith D r*  J ,  R .  M a je r .

The f i r s t  attem pt w as based  on the fa ll  in  v is co s ity  of 

the so lu tion  perm eatin g  the co lu m n  as m a te r ia l was eluted^ 

fo r  this w ould resu lt in  an in cre a se  in  the rate o f  flow  through 

the co lu m n  and the tim e taken to c o lle c t  fraction s o f a given 

vo lu m e w ould consequently  be r e d u c e d .  P rov id ed  that a constant 

head o f eluant was used  a stepw ise fa ll  in  the tim e requ ired  to 

c o l le c t  fra ction s w ould then be ob serv ed  as the various eom^ 

ponents o f  a m ixture w ere  eluted fro m  the co lu m n . A  m ic r o ­

sw itch  was fitted  to the fra ction  co lle c to r  and signals w ere 

tran sm itted  to a m oving pen galvanom eter each tim e the siphon
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b a la n ce  a rm  o f the fra ct io n  c o lle c to r  fe l l  causing a peak to 

b e  d e s cr ib e d  on a record in g  chart w hich was m oidng at a 

u n iform  speed  (O .5 cm ^ p e r  m inute)  ̂ The distance betw een - 

peak s w as m easured  on the charts re co rd e d  throughout several 

ch rom a tog ra p h ic  separation s o f  the m annose-g lucosam in e 

h y d ro ch lo r id e  rea ction  mixture^ but a la rge  random  variation  

w as o b s e rv e d  and no sign ifican t changes o f  the fo rm  sought, 

w e re  found .

M ore  encouraging indications w ere  obtained when a 

d iffe ren tia l r e fra c t iv e  index m ethod was exam ined . If the 

co lu m n  eluate was p a ssed  through a c e ll  containing a prison, 

one fa c e  o f  w hich  w as co v e re d  by a v e ry  fine gra ticu le , and a 

b ea m  o f  l i ^ t  inciden t upon the gra ticu le  p a ssed  through the 

c e l l ,  the em ergent beam s w ould be deflected  when the refractive  

in d ex  o f the contents o f  the p r is m  changed, i . e .  when the eluant 

p a ss in g  through the p r is m  w as rep la ced  by  an eluate fraction  

containing additional (o r  le s s ) s o lu te . The d e flection , which 

w ould  b e  v e ry  sm a ll s in ce  dilute solutions would be involved, 

co u ld  m o s t  conven iently  be detected  by p lacing a secon d  graticule 

o v e r  a p h o toce ll s o  that it w ould  be exactly  out o f phase with the 

im age o f the f ir s t  g ra ticu le  when the c e l l  and p rism  both con ­

tained the e lu a n t. A  m ovem ent o f the im age consequent upon 

the changing o f the eluate w ithin the p r ism  (the contents o f  the
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ou ter  c e l l  rem aining unchanged) would then sen sitise  the photo- 

c e l l  and give an  im pu lse  to a r e c o r d e r .  In this way, the p osition  

o f  u se fu l eluate fra ction s  cou ld  be autom atically  and im m ediately 

in d ica ted  during elution  o f the co lu m n .

P re lim in a ry  experim ents using a solution o f glucosam ine 

h y d ro ch lo r id e  in  0 .3N h y d ro ch lo r ic  a c id , and the acid  solution 

its e lf ,  gave encouraging r e s u lt s .  The h yd roch loric  a c id  solution 

was p la ce d  in a c e l l  ca rry in g  two optica lly  fla t faces set at an 

an gle  o f  about 70^ to  each  other and one o f the faces was covered  

by a g ra t icu le . The im age o f the graticu le  was fo cu ssed  on the 

c r o s s  w ires  of a travellin g  m ic ro s co p e  and with a path distance 

fro m  the g ra ticu le  to the m ic r o s c o p e  o f  about 10 c m ,, a m easurable 

d e fle c t io n  of & e  im age w as ob served  when the acid  was replaced  

by  the solution  containing g lu cosam in e h y d roch lo r id e . W ork is 

p ro ce e d in g  on  the developm ent o f  an apparatus suitable fo r  the 

routine scanning o f  colum n eluates .
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