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t issues 3, d e r m a t a n  su lpha te  is associa ted closely wi th  
collagen fibres since collagenase digest ion removes  more  
of this  g lycosaminoglycan t h a n  ei ther  salt  ex t r ac t ion  or 
digest ion wi th  elastase, a less specific protease.  By  th is  
cr i ter ion hepa ran  su lpha te  is closely associated wi th  
ne i ther  collagen nor  elast in  and i ts  d i s t r ibu t ion  is clearly 
di f ferent  to t h a t  of hepar in ,  being least  effect ively 
solubil ized by  salt  solution. As has  been  no ted  wi th  the  
p roduc t  f rom h u m a n  aor ta  ~a, an apprec iable  f rac t ion  of 
the  hepa ran  su lpha te  of bovine  lung is e luted f rom 
Dowex  1 • 2 by  re la t ive ly  low concen t ra t ions  of NaC1 
(38% from p a r e n c h y m a  and  57% from pleura  eh l ted  
wi th  0.8 M NaC1). Also, a s ignif icant  f rac t ion is no t  
p rec ip i t a t ed  by  ce ty lpyr id in ium chloride in the  presence 
of 0.5 M NaC1. This could indicate  a var iable  degree of 
su lpha t ion  (CIFONELLI and  DORFMAN 14) or the  presence  
of hepa ran  su lpha te  of low molecular  weight .  

Discussion. The low levels of hepa ran  su lpha te  found  
in the  pleura  can p robab ly  be a t t r i b u t e d  to  the  vascular  
layer  since th is  g lycosaminoglycan  is found  in arteries 15. 
W h e n  found in bovine aor ta  ~6 hepa ran  su lpha te  is 
accompanied  by  m u c h  h igher  levels of g lycosaminogly-  
cans conta in ing  galactosamine.  These are p resen t  in 
p a r e n c h y m a  bu t  in insuff icient  quant i t ies  for the  hepa ran  
su lpha te  there  to  be a t t r i b u t e d  solely to  res idual  blood 
vessels which  are diff icult  to  r emove  f rom the  tissue. 

Thus  bovine lung p a r e n c h y m a  conta ins  large quan-  
t i t ies  of a readi ly-ext rac table ,  heterogenous,  h ep a ran  
su lpha te  f rac t ion  which  could have  a specific func t ion  in 
the  connect ive  t issue componen t s  involved  in gas ex- 
change.  

Rdsumd. On ddcrir et  compare  les g lycosaminoglycanes  
du p a r e n c h y m e  et  de la pl~vre du p o u m o n  bovin.  T o u s l e s  
g lycosaminoglycanes  pr inc ipaux,  saul  le kdratan-sulfate ,  
y on t  6t6 trouvds,  mais  i l y  a beaucoup  plus d ' hdpa ran -  
sulfate  dans  le pa renchyme .  
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Genetic Evidence for the Tetramer Structure of Glyceraldehyde-3-Phosphate Dehydrogenase 

Crystal lographic  1, molecular  weigh t  2 and  amino acid 3 
s tudies  have  suggested t h a t  the  act ive enzyme form of 
g lycera ldehyde-3-POt  dehydrogenase  (G3PD) is a t e t r a -  
mer,  composed  of 4 po lypep t ide  subuni ts .  Here  we p resen t  
genet ic  evidence using s tarch-geI  e lectrophoresis  to  
suppor t  t h a t  hypothes is .  

If  2 e lec t rophore t ica l ly  d i f ferent  po lypep t ide  chains  
(A and  A') are p roduced  ill cells and if these  subuni t s  
combine  r a n d o m l y  to  form t e t r a m e r  molecules, molecules 
AAAA, AAAA' ,  AAA'A ' ,  AA 'A 'A ' ,  and  A ' A ' A ' A '  should 
be p roduced  in a 1 : 4 : 6 : 4: 1 rat io t. 

S ta rch  gel e lect rophoresis  of t issue ex t rac t s  5 of Xipho- 
phorus maculatus s t ra in  163A, p la tyf i sh  6, and  X. helleri 
strigatus, swordtai l ,  followed by  h i s tochemica l  s ta in ing for 
G3PD 7 reveals  2 i sozymes of G3PD in each species, a 
slow migra t ing  form G3PD-2 p resen t  in liver ~nd muscle 

and a fas ter  migra t ing  form G3PD-1 presen t  in eye and  
bra in  (Figure). Whi le  G3PD-2 is the  same in b o t h  species 
there  is an e lec t rophore t ic  difference in t he  G3PD-1 
isozyme of t he  twQ species. These facts  plus the  observed  
t issue specif ici ty indicate  the  2 G3PD isozymes are 
specified by  separa te  genet ic  loci. 

In  t he  F 1 hybr ids  s which conta in  1 G3PD-1 allele 
specifying the  p la ty f i sh  subuni t  and  1 for t he  swordta i l  
subuni t ,  the  expec ted  5 b an d ed  p a t t e r n  cons i s ten t  w i th  
the  t e t r a m e r  s t ruc tu re  of G3PD was ob ta ined  (Figure). 
F 1 hybr ids  when  backcrossed to swordta i ls  p roduced  15 
fish displaying the  5 b an d ed  h y b r i d  p a t t e r n  and  16 fish 
t he  1 fas t  b a n d  p a t t e r n  of the  swordtai l .  This  agrees wi th  
t he  expec ted  1 : 1 ra t io  (Z ~ = 0.03, P > 0.8). 

F ive  m e m b e r e d  sets of G3PD bands  have  been  repor ted  
as being usually seen tollowing zone e lect rophoresis  on 

Glyceraldehyde-3-PO~ dehydrogenase isozymes in platyfish, sword- 
tails and their hybrids, a-d) Liver extracts of a) platy, b) and c) F 1 
hybrids and d) swordtail, e-h) eye extract of e) platy, f) and g) F 1 
hybrids and h) swordtail, i-l) muscle extracts of i) platy, j) and k) 
F 1 hybrids, 1) swordtail. The hybrid eye patterns (channels f and g) 
were cut from the starch gel and the activity in each band was 
estimated using a Densieord recording densitometer. The ratio of the 
bands in the hybrid pattern was approximately 1 : 4 : 6 : 4 : 1. 
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Tissue from eye, muscle, liver and brain was frozen on dry ice, 
homogenized in glass homogenizers in cold 1/20 dilution of Am- 
phibian Ringer's solution that was buffered with 0.001M Tris- 
HCI at pH 7.5. The ratio of tissue to homogenizing medium was 
1 : 3 weight/volume. 
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staining was essentially that of C. R. SHAW and R. PRASAD, 
Biochem. Genet. d, 297 (1970). Their buffer system I (Tris-citrate, 
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mereaptoethanol and 40 mg nicotinamide adenine dinucleotide for 
600 ml of starch gel These 2 ingredients proved essential for dem- 
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cellulose ace ta t e  s t r ips  of cer ta in  t issues of tur t le ,  perch,  
t rout ,  sp inach  and  yeas t  9. Lack  of s y m m e t r y  in the  
band ing  p a t t e r n s  and loss of ac t iv i ty  of cer ta in  of the  
bands  in d i f fe rent  t i ssues  compl ica ted  the  analysis  ye t  i t  
was sugges ted  t h a t  the  resul ts  could be expla ined  on the  
basis  of r a n d o m  fo rmat ion  of t e t r a m e r s  f rom subuni t s  
which  were coded by  d i f ferent  genes. The genetic d a t a  
p resen ted  here  d e m o n s t r a t i n g  a symmet r i ca l  5 ban d ed  
p a t t e r n  in cells w i th  2 d i f ferent  G3PD-1 alleles a t  the  
same locus no t  only  conf i rms the  t e t r a m e r  s t ruc tu re  of 
G3PD b u t  indicates  t h a t  the  i rregular  p a t t e r n s  seen by  
the  former  workers  9 were  poss ib ly  p roduced  by  genes a t  
2 d i f ferent  loci under  separa te  genet ic  control .  The lack of 
i n t e rmed ia t e  i sozymes be tween  the  2 G3PD loci of p la ty -  
f ish and  swordta i l s  m i g h t  be accoun ted  for by  the  s t r ic t  
t issue specif ici ty or a res t r ic t ion  in subun i t  aggregat ion  10. 

Zusammen]assung. Es wurden  bei  Xiphophorus maculata 
und  Xiphophorus helleri zwei I sozyme von  Glycera ldehyd-  
-3 -phospha t -Dehydrogenase  nactlgewiesen.  Die bioche-  
misch-gene t i schen  U n t e r s u c h u n g e n  deu ten  auf eine 
Te t r ameren -  S t ruktur .  
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A n t i v i r a l  P r o p e r t i e s  of  1 - A l l y l  a n d  1 - C r o t y l  D e r i v a t i v e s  of  2 - ( a - H y d r o x y b e n z y l )  b e n z i m i d a z o l e  

The impor t ance  of the  l ipophil ic  charac te rs  of 1-substi-  
t u t e d  der iva t ives  of 2 - (a -hydroxybenzyl )benz imidazo le  
(HBB) in re la t ion to the i r  an t iv i ra l  act ivi t ies  is ind ica ted  
by  an init ial  increase in ac t iv i ty  wi th  increase in carbon 
chain  l eng th  of t he  1-subs t i tuen t  r,2 and  by  a rough 
paral le l ism be tween  log (activity) and HANSCH ~r value 3 
for smal l  subs t i t uen t s  as i l lus t ra ted  by  act ivi t ies  aga ins t  
poliovirus t ype  1 in Table  I. W h e n  the  u n b r a n c h e d  chain  
equals  or exceeds 4 carbon  a toms,  reduc t ion  in ant ipol io-  
virus ac t iv i ty  accompanies  fu r the r  increase in chain 
length  2, 4. This  reduc t ion  m i g h t  be caused by  increase in 
s t reng th  of l !ydrophobic  b ind ing  be tween  the  subs t i t u t ed  
benzimidazole  and  cellular l i p i d s  and  proteins ,  resul t ing 
in res t r ic t ion  of access of t he  act ive  molecules to  specific 
receptor  sites as the  l ipophil ic  charac te r  of these  molecules 
is increased beyond  i ts  o p t i m u m  level. ~IANsCH et al. s 
have  discussed examples  where  log (biological response) 
is a quadra t i c  func t ion  of app ropr i a t e  Jr values  giving rise 
to  m a x i m a  in t he  s t ruc tu re -ac t iv i ty  pa t t e rns .  

I n t r o d u c t i o n  of a double  bond  in to  an alkyl  subs t i t uen t  
grea t ly  increases some biological responses.  In  such cases, 
the  inf luence of factors  o ther  t h a n  hyd rophob ic  inter-  
act ions m a y  p redomina te .  Thus,  a l though  the  correspond-  
ing p ropy l  compounds  have  l i t t le  or no act ivi ty ,  cer ta in  
allyl ace tamide  and  ba rb i t u r a t e  der iva t ives  p roduce  he- 
pa t ic  po rphyr i a  6 wi th  loss of cy toch rome  P-450 and  h aem ~, 
var ious  1-allyturacils have  diuret ic,  appe t i t e  inhibi t ing,  
ant isecre tory ,  ant i - i r i t ic  and  smoo th  muscle  r e l axan t  pro- 
per t ies  8, and  1-allyl-3, 5-diethyl-6-chloro-uraci l  and  o the r  
1-allyl-5-alkyluracils possess  inh ib i to ry  ac t iv i ty  aga ins t  

herpes  and  vaccinia  viruses~ The p repa ra t i on  of 1-ally1 
and 1-crotyl der iva t ives  of H B B  has been  repor ted  ~0 and 
fu r the r  detai ls  are now given of the i r  an t iv i ra l  proper t ies .  

The compounds  were t e s t ed  for the i r  inh ib i t ing  effect  
on the  mul t ip l ica t ion  of poliovirus t y p e  1 (L Sc 2 ab), 
t y p e  2 ( P  712 Ch 2 ab) and t y p e  3 (Leon 12 ab) and  
coxsackievirus  A21 in E R K  (human) cell monolayers ,  
coxsackievirus  A 9 and E C H O  virus  11 in p r i m a r y  m o n k e y  
k idney  cell monolayers ,  and  neurovaccin ia  virus in H e L a  

I D. G. O'SULLIVAN, C. LUDLOW, D. PANTIe and A. K. WALLIS, 
Antimicrobial Agents and Chemotherapy 1969 (American Society 
for Microbiology, Washington, D.C. 1970), p. 153. 

2 D. G. O'SULLIVAN, D. PANTtC and A. K. WALLIS, Experientia 23, 
704 (1967). 

3 C. HANsel, A. R. STEWARD and J. IWASA, Molee. Pharmae. 1, 87 
(1965). - C. HANSC~ and S. M. ANDERSON, J. reed. Chem. 70, 745 
(1967). 

a D. G. O'SULLIVAN, D. PANTIe and A. K. WALLIS, Nature, Lond. 
203, 433 (1964). 

5 C. HANSCn, E. J. LIEN and F. HELPER, Arch. Biochem. Biophys. 
128, 319 (1968). 

s A. GOLDB~RG and C. RImNGTON, Proc. R. Sot. B 1d3, 257 (1955). 
7 F. DE MATTEIS, Fedn. Europ. bioehem. Soc. Lett. 6, 343 (1970). 
8 C. C. CHENa and B. ROTH, Progress in Medicinal Chemistry, (Eds. 

G. P. ELLIS and G. t3. WEST; 13utterworths, London, 1970), vol. 7, 
p. 309. 
K. K. GAURI and B. ROHDE, Klin. Wsebr. 47, 375 (1969). - K. K. 
GAURI, German Patent 1,248,665 I1967); Chem. Abstr. 68, 21948~ 
(1968), 

lo D. G. O'SULLIVAN and A. K. WALLIS, J. med. Chem. 75, 103 (1972). 

Table I. Virus inhibitory concentrations (VIC) and LOgl0 (activities) 
of HBB and its derivatives with 1-phenyI and small 1-alkyl substi- 
tuents and the corresponding I~IANsCn substituent constants Jr 

Substituent H Me Et Pr Ph 

VIC a 160 120 100 9 6 
log (activity) b 0.80 0.92 1.0 2.0 2.2 

value 0 0.5 1.0 1.5 1.8o 

a Micromolarity of compound required to reduce type 1 poliovirus 
yield in ERK cells by 75% in 16 h. b Defined as log10 (I000[VIC) in 
order to permit ready comparison with the Jr value. ~ A value that 
allows for some dipolar interaction involving the phenyl substituent ~. 

Table If. Effect of introducing a double bond on the virus inhibit- 
ory concentrations a of 1-alkyl-HBB derivatives 

Poliovirus Substituent (and its HANSCH ~ value) 
allyl (1.2) Crotyl (1.7) Pr (1.5) Bu (2.0) 

1 8.25 b 10.75 ~ 9.0 10 
2 5.0 7.75 7.5 5.5 
3 9.75 10.75 22.5 25 

VIC values are quoted to the nearest 0.25 jiM. b Log10 (1000/VIC) 
2.1. o Logl0(1000/VIC) = 2.0. 


