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thespesin and more particularly those of its derivatives. 
These spectra are sharply defined and the proton count 
of any  peak can be halved. The NMR-spectrum of 
thespesin, determined in carbon tetrachloride, has a 
doublet  at  8.60 T (12H) and a singlet at  7.92 ~ (6H) indi- 
cating the presence of 2 isopropyl groups (supported by  
CHCl, 1375, 1360, 1170 and 1128 cm -x) and 2 aromatic ~raax 

methyl  groups respectively. Other features are 3 singlets 
for hydroxylic protons a t  4.10 z (2H), 2.8 z (2H) and 
- 4.4 ~ (2H), an aromatic proton singlet at  2.42 z (2H) 
and a benzylic proton multiplet  centred a t  6.25 x (2H). 
I ts  IR-spectrum indicates the presence of bonded and 

t CHCIt non-bonded phenolic hydroxyls in the molecule tv~ax 
3350, 3300, 3500 and 1195 cm -x) and its aromatic 

CHC~ nature (vr~a, 3040, 1621, 1600 and 1575 cm-1). The 
NMR-spectrum of thespesin hexamethyl ether in carbon 
tetrachloride has a doublet for 2 isopropyl groups (8.52 T), 
a singlet for 2 aromatic methyl groups (7.88 T), a singlet 
for 2 aromatic protons (2.30 x) and a multiptet  for 2 
benzylic protons centred at  6.25 T. The protons of the 6 
methoxyl groups appear as 3 singlets a t  6.12 T (6H), 
6.20 T (6H) and a highly shielded 6.88 z (6H). Hexa- 
acetyl thespesin, C42H**Ox, (M + 770), m.p. 186-188°C, 
[a]n + 328 ° (benzene), prepared by t rea tment  of 
thespesin with acetic anhydride-sodium acetate, had a 
similar NMR-spectrum but  its IR-spectrum had no 
aldehyde C=O absorption. 

The molecular ion peak (M+ 518) in the mass spectrum 
of thespesin is weak. The cracking p a t t e r n  is charac- 
terized by the loss of 2 molecules of water, -H ,O 
(m/e 500) and - - 2 H , O  (m/e 482, base peak) and the 
subsequent loss of other functional groups: -CH 3 
(m/e 467), -C=O (m/e 454), -CHO (m/e 453), 
-(CH 3 + C=O) (m/e 439), -CH(CH~), (m/e 439) and 

+ 

--CHa-CH--CH ~ (m/e 441). The other feature of this 
spectrum is the abundance of doubly charged ions m/e 241 
downwards, and is good evidence for the aromatic nature  
of thespesin and the dimeric nature of the molecule. The 
mass spectrum of hexaacetyl thespesin shows similar 
fragmentation bu t  the base peak in the mass spectrum 
of hexamethyl thespesin is the molecular ion peak (M + 
602). 

On the basis of the above data, thespesin is a 1,1' or 
a 2,2' dimer of the sesquiterpenoid naphthalene I. 
Gossypol 3, the well-known pigment from cotton seed, 
has the structure I I  bu t  is optically inactive and so far 
has only been isolated from Gossypium species. The UV- 

spectrum of thespesin and gossypol ¢iEtOH 236 nm 
(77,300), 280 nm (shoulder), 289 nm (30,740) and 373 nm 
(16,800)) were determined under identical conditions and 
found to be superimposable as were also their IR-spectra. 
The UV-spectra of 1,1' and 2,2'  binaphthalenes are 
distinguishable 4 (extension of transverse and longitudinal 
polarized bands respectively). Thespesin must  therefore 
be an optically active (+)-isomer of gossypol, now en- 
countered for the first time. 
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Treatment  of thespesin with acid does not  alter ~its 
optical rotation. I t  would therefore appear tha t  the 
asymmetric hemiacetyl carbon atoms make no.contribu- 
tion and tha t  the optical activity of thespesin is due to 
restricted rotat ion of the 2 naphthalene units  about  the 
interl inking C-C bond (atropisomerism). Atropisomerism 
has recently been observed in (-)-isodiospyrin ~, a bi- 
naphthaquinone isolated from Diospyros chloroxylon 6. 

Zusammen/assung. Thespesin, der optisch aktive gelbe 
Farbstoff  aus den Friichten der Thespesia populens 
Soland hat  eine dimere sesquiterpene-naphthalene Struk- 
tur, die mit  dem optischen inaktiven Baumwollsamen- 
Farbstoff Gossypol identisch ist. Die optische Aktivi tgt  
des Thespesin ist bedingt dutch Atropisomerie. 
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Dis tr ibut ion  of  H y d r o x y p r o l i n e  and H y d r o x y l y s i n e  Defic ient  Col lagen  in Indiv idual  Col lagen  
Fract ions  in the G r a n u l o m a  T i s s u e  

UDENFRIEND'S 1 and PROCKOP'S 2 laboratory established 
evidence that  formation of non-hydroxylated, proline- 
rich collagen polypeptide is one of the steps leading to the 
synthesis of collagen molecule. There is sufficient proof of 
the formation of hydroxyproline and hydroxylysine de- 
ficient collagen under rather artificial conditions, such as 
blocking of ferrous ions by chelating agents 3, ascorbic 
acid deficiency*, low oxygen tensions 5 or nitrogen atmos- 
phere 6 

Recently, J , v A  et al. ~ submit ted very convincing auto- 
radiographic evidence that  in the presence of the hydroxy- 

lation blocking agents (2, 2"-dipyridyl or nitrogen atmos- 
phere) proline-H ~ (which probably corresponds to proto- 
collagen) accumulates over the cells of incubated cartilage 
slices. In  control samples, the isotope was uniformly d i s -  
tr ibuted in the tissue. The authors conclude tha t  collagen 
hydroxylation is the essential step for utilization of poly- 
peptide chains in the formation of collagenous triple helix 
and its secretion into the extracellular space. Since under  
the conditions mentioned synthesis and secretion of muco- 
polysaceharides was not  influenced, the authors assume 
that  dipyridyl would not  block reactions connected with 
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t h e  t r a n s f e r  of col lagen molecule  f rom i n t r a c e l l u l a r  in to  
ex t r ace l lu l a r  space. 

Th i s  conc lus ion  was  c o n t r a d i c t o r y  to  o u r  f indings .  W e  
i so la ted  in e x p e r i m e n t s  w i t h  ch ick  e m b r y o  sk in  slices C 14 
labe l led  a t y p i c a l  col lagen also in t h e  f r ac t ion  of less so luble  
col lagens  w h i c h  were  r e p r e s e n t e d  b y  t h e  res idue  l e f t  a f t e r  
0.2/1// NaC1 e x t r a c t i o n  3,5. T h a t  was  t h e  r e a s o n  w h y  we 
checked  t h e  e x p e r i m e n t s  b y  J u v A  e t  aLL 

G r a n u l a t i o n  t i ssue  was  i so la ted  on  t h e  s e v e n t h  d a y  a f t e r  
s.c. i n j e c t i o n  of 5 m l  of 1% so lu t ion  of c a r r a g e e n a n  in 
guinea-pigs .  F ive  g of t he  m i n c e d  t i ssue  was  i n c u b a t e d  in 
17 m l  of K r e b s - R i n g e r  b i c a r b o n a t e  buf fe r  w i t h  8.92 pC 
prol ine-C ~4. T h e  i n c u b a t i o n  l as ted  2 h a t  37 °C in t he  
a t m o s p h e r e  95% O~ + 50/0 CO,. E x p e r i m e n t a l  s amples  
c o n t a i n e d  2, 2 ' -d ipy r idy l  in  0.5 m M  c o n c e n t r a t i o n .  F r o m  
t h e  t o t a l  of 30 g of hom ogen i zed  t i ssue  i n c u b a t e d  w i t h o u t  
a n d  w i t h  d ipyr idy l ,  3 t ypes  of col lagen p ro t e in s  were  
isola ted.  N e u t r a l  sa l t  soluble  col lagens  (NSC) were  ex- 
t r a c t e d  twice  each  for 24 h a t  4 °C w i t h  0 . 2 M  NaC1, p H  7.4 
c o n t a i n i n g  1 m2t~ s o d i u m  E D T A .  F r o m  t h e  pooled ex-  
t r a c t s  al l  p r o t e i n s  were  p r e c i p i t a t e d  w i t h  cold t r i ch loro-  
ace t i c  acid (TCA) in  f ina l  c o n c e n t r a t i o n  of 15%.  Col lagen 
p r o t e i n s  were  r e e x t r a c t e d  f rom t h e  s e d i m e n t  accord ing  
tO FITCH et  al. s, TCA  e x t r a c t s  were  d ia lysed  for  16 h 
a g a i n s t  t a p  wa te r .  F r o m  t h e  residue,  acid soluble  col lagens  
(ASC) were  i so la ted  b y  e x t r a c t i o n  in to  0 . 1 M  acet ic  ac id  
b y  t h e  s ame  p rocedu re  as  NSC. Inso lub le  col lagen (ISC) 
was  e x t r a c t e d  f rom t h e  res idue  in to  h o t  0.3 M TCA accord-  
ing to  FITCH et  al. 8. V a c u u m  dr ied  e x t r a c t s  were  h y d r o -  
lysed ( 6 N  HC1, 105 °C, 16 h). T he  s e p a r a t i o n  of p ro l ine  
a n d  h y d r o x y p r o l i n e  was  ca r r ied  o u t  us ing  descend ing  
p a p e r  c h r o m a t o g r a p h y  w i t h  r e p e a t e d  d e v e l o p m e n t  on  
W h a t m a n  No. 3 in  a m i x t u r e  b u t h a n o l - a c e t i c  ac id -wa te r  
( 4 :1 :5 ) .  Af t e r  e lu t ion  of co r r e spond ing  spo ts  t h e  a m o u n t  
of p ro l ine  D a n d  h y d r o x y p r o l i n e  lo was  d e t e r m i n e d .  Rad io -  
a c t i v i t y  a s says  were  p e r f o r m e d  o n  P a c k a r d - T r i - C a r b -  
L iqu id  Sc in t i l l a t i on  S p e c t r o m e t e r  Mode l  3365 w i t h  6 1 %  
eff ic iency in  a m i x t u r e  of 4.0 m l  a b s o l u t e  e thano l ,  5.0 m l  
sc in t i l l a t ion  so lu t ion  (4 g of 2, 5 -d ipheny loxazo te  a n d  100 
m g  of 1,4-bis-2-(4-methyl-5-phenyloxazolyl)-benzene in  
1000 m l  to luene)  a n d  0.4 ml  sample .  

T h e  re su l t s  s u m m e d  u p  in t h e  T a b l e  show t h a t  u n d e r  
d ipy r idy l  effect  t h e  h y d r o x y l a t i o n  of co l lagenous  p ro l ine  
was i n h i b i t e d  a n d  t h a t  t h i s  a t y p i c a l  col lagen was  p r e s e n t  
in all  3 f r ac t ions  of col lagen p ro t e in s  inves t iga t ed .  

Th i s  f i nd ing  the re fo re  c o n t r a d i c t s  t h e  bel ief  t h a t  
a t y p i c a l  col lagens  c a n n o t  agg rega t e  a n d  m a t u r e .  The  

Distribution of the label in different fractions of collagen from 
granuloma tissue 

Sample Amount Specific 
activity 

hyp pro prolhyp hyp pro 
/zg t~g 10 -2 cpm per 

/zmole 

NSC control 278 510 1.89 18.0 28.1 
dipyridyl 225 439 1.96 3.7 74.6 

ASC control 189 302 1.61 3.3 7.6 
dipyridyl 280 368 1.31 1.2 19.5 

ISC control 1680 1960 1.16 8.0 10.6 
dipyridyl 1880 2340 1:24 1.7 19.5 

For isolation 30 g of tissue (wet weight) were used. Hyp, hydroxy- 
proline; pro, proline. 

p resence  of h y d r o x y p r o l i n e  def ic ien t  col lagen in t he  
f r ac t ion  of inso luble  col lagen shows  t h a t  i t  is re leased  b y  
t h e  f ib rob la s t s  in to  ex t r ace l lu l a r  space.  R e c e n t l y  KIVI- 
RIKKO a n d  PROCKOP n,  cha rac t e r i z i ng  t h e  size of co l lagen 
fo rmed  in e m b r y o n i c  ca r t i l age  u n d e r  t h e  ef fec t  of  2, 2-di- 
pyr idyI ,  a r r i v e d  a t  t h e  conc lus ion  t h a t  m o s t  of t h e  
col lagen p o l y p e p t i d e s  a c c u m u l a t e d  a re  as  la rge  as  com-  
p le te  ~ -cha ins  of col lagen.  T h e  reason  for  th i s  d i f fe rence  
in r e su l t s  m i g h t  be  t h e  f ac t  t h a t  we used a n o t h e r  t i s sue  
as a biological  s u b s t r a t e .  ~Ve found  n a m e l y  in ou r  
p r e l i m i n a r y  a u t o r a d i o g r a p h i c  s tud ies  di f fer ing suscept i -  
b i l i ty  a n d  r e a c t i v i t y  of va r ious  t i ssues  t owards  t h e  ac t ion  
of some  che l a t i ng  a g e n t s  x2. 

T h e  a c c u m u l a t i o n  of p ro toco l l agen  fo rmed  u n d e r  t he  
n i t r o g e n  a t m o s p h e r e  ove r  t h e  cells could  be  exp l a ined  b y  
e x p e r i m e n t s  of TSURUFUJI a n d  OGATA 13. The  m a t u r a t i o n  
of n e u t r a l  sa l t  so luble  col lagen to  inso luble  col lagen was  
i n t e r r u p t e d  b y  rep lac ing  t he  oxygen  b y  n i t r ogen  in t h e  
gas  phase .  Our  own  d a t a  show also a close r e l a t i on  be-  
t w e e n  t h e  m a t u r a t i o n  of so luble  col lagen a n d  o x y g e n  
t ens ions  5. 

W h e n  c o m p a r i n g  t h e  m a g n i t u d e s  of specif ic  ac t iv i t i e s  
of h y d r o x y p r o l i n e - C  *4 in  i n d i v i d u a l  col lagens  we ge t  t h e  
o rde r  N S C  > ISC  > ASC w h i c h  agrees  w i t h  t h e  f i nd ing  
of K/JHN e t  al. 14 a n d  TSURUFUJI a n d  OGATA 13. I t  seems 
t h a t  ASC is r a t h e r  a d e g r a d a t i o n  p r o d u c t  of ISC t h a n  i t s  
precursor .  

Zusammen/assung. V o m  a t y p i s c h e n  Cl~-Kollagen,  das  
u n t e r  der  XNirkung yon  0.5 m M  2, 2 -Dipyr idy l  im k a r r a -  
geenen  G r a n u l a t i o n s g e w e b e  e n t s t a n d e n  ist, w a r d e n  
neut ra lsa lz l6s l iche ,  sAurel6sliche u n d  unl6s l iche  F r a k t i o -  
n e n  isoliert .  Die  E r s c h e i n u n g  de r  R a d i o a k t i v i t i t t  in  de r  
un l6s l i chen  F r a k t i o n  beweis t ,  dass  a typ i sches  Ko l l agen  
y o n  Zel len  t r a n s p o r t i e r t  w i rd  u n d  i m  extrazel lul ikren tZaum 
aggreg ie ren  k a n n .  Die  n iedr ige re  spezif ische A k t i v i t i i t  des  
s / iure l6s t ichen Kol l agens  zeigt ,  dass  es s ich u m  ein  A b b a u -  
p r o d u k t  des  unI6s l ichen  Kol l agens  h a n d e l t .  
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