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Glycosamino~lyeans of Bovine Lung Parenchyma 

Lung  t issue has  of ten  been  used as a source of glycos- 
aminog lycans  (heparin 1, hepa ran  su lpha te  2, d e r m a t a n  
sulphate1,  a) and  these  polysacchar ides  are l ikely to  be of 
impor t ance  in lung pa tho logy  ~ ye t  l i t t le  has  been  done to 
describe all of the  g lycosaminoglycan  componen t s  or to 
q u a n t i t a t e  them.  Due to  the  grea t  ana tomica l  complex i ty  
of p u l m o n a r y  t i ssue  m o s t  p rev ious  workers  have  been  
res t r ic ted  to h i s tochemica l  s tudies  5 which  do no~c pe rmi t  
full chemical  charac te r iza t ion  of g lycosaminoglycan  
c o m p o n e n t s  impl ica ted  in such s t ruc tu res  as t he  alveolar  
membrane .  In  an a t t e m p t  to p inpo in t  any  glycosamino-  
glycan f rac t ion  which  m a y  be un ique ly  associa ted wi th  
the  process  of respira t ion,  a compar i son  has  been  m a d e  
in th is  communica t i on  be tween  these  c o m p o n e n t s  of the  
p a r e n c h y m a  of bovine  lung (and the i r  suscept ib i l i ty  to  
various ex t rac t ion  procedures)  and  those  of t he  visceral  
pleura.  Since th is  m e m b r a n e  includes connect ive  t issue 
c o m p o n e n t s  s imilar  to, and  cont inuous  with ,  p u l m o n a r y  
in te rs t i t i a l  t issue 6, differences be tween  the  two closely 
j ux t aposed  t issues should  reveal  any  g lycosaminoglycan  
par t i cu la r ly  concen t r a t ed  at  si tes such as t he  t issue space 
of t he  blood-ai r  barr ier  descr ibed by  L o w L  

Materials and methods. Lungs  f rom 2-year-old s teers  
were per fused  wi th  wa te r  wi th in  hours  of d e a t h  to remove  
all t races  of blood. The visceral  p leura  was s t r ipped  f rom 
all surfaces f rom which  it could be ob ta ined  in coherent ,  
un i fo rm sheets.  Bronchi  and associa ted blood vessels 
were r emoved  f rom the  p a r e n c h y m a  and  b o t h  t issues were 
a i rdr ied  af ter  immers ion  in e thanol ,  acetone,  and  d ie thyl  
e ther  (in t h a t  order).  Digest ions and ex t rac t ions  were 
pe r fo rmed  af ter  h igh-speed  homogeniza t ion  of t issue 
suspensions  and, in t h e  case of p a r e n c h y m a ,  depoly-  
mer iza t ion  of the  nucleic acid p resen t  using crystal l ine 
pancrea t ic  r ibonuclease  and  deoxyr ibonuclease  (Brit ish 
Drug  Houses  Ltd.) .  

Glycosaminoglycans  were  re leased f rom t issues by  
exhaus t ive  papa in  digest ion and  assayed as hexosamine  
or uronic acid af ter  f rac t iona t ion  on Dowex  1 • 2 (el-)  s 
The i den t i t y  of g lycosaminoglycan  t rac t ions  was con- 
f i rmed  by  cellulose ace ta te  e lectrophoresis"  before and af ter  
t r e a t m e n t  w i th  tes t icular  hya luron idase  or wi th  n i t rous  
acid. These t r e a t m e n t s  depolymer ized  hyaluronic  acid 

and Pleura 

and  chondro i t ins  4- and  6-sulphate,  or h ep a ran  su lpha te  
and  hepar in  2, respect ively .  After  digest ion of the  appro-  
p r ia te  f rac t ion wi th  tes t icu lar  hyaluronidase ,  chondroi-  
t ins  4- and  6-sulphate  were de t e rmined  by  the  m e t h o d  of 
MAT~EWS and  INOUYE ~0 and  undegraded  d e r m a t a n  
su lpha te  was recovered by  c h r o m a t o g r a p h y  on Dowex 
1 • 2. Collagen and elast in were es t imated  f rom hydrox-  
yprol ine  con ten t  n before and af ter  alkal ine ex t rac t ion  of 
t issue samples  ~2. 

Results. W i t h  the  except ion  of ke ra t an  sulpha~ce all 
ma jo r  g lycosaminoglycans  were found in b o t h  t issues 
(Table 1). The g lycosaminoglycan/ f ibrous  p ro te in  ra t io  
is h igher  in p a r e n c h y m a  by  a fac tor  of a lmos t  th ree  w i th  
the  ex t ra  g lycosaminoglycan  chiefly in t he  hepar in  and 
h e p a r a n  su lpha te  fract ions.  The former  polysacchar ide  is 
located  in mas t  cells ~ and  is no t  a c o m p o n e n t  of connec t ive  
t issue intercel lular  mater ia l .  This is inc luded for purposes  
of compar i son  in Table  I I  where  t he  o ther  2 major  
g lycosaminoglycan  componen t s  of p a r e n c h y m a  are com- 
pa red  wi th  the i r  coun t e rpa r t s  in p leura  using exhaus t ive  
sal t  ex t rac t ion  and  digest ion wi th  pro tease  specific for 
each of the  f ibrous proteins .  As has been found  in o ther  
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Table I. Glycosaminoglycan and fibrous protein content of parenchy- 
ma and visceral pleura of bovine lung 

Fraction Amount per g dry weight of 
Pleura Parenehyma 

Collagen ~ a, 3934-35 2514-27 
Elastin ~ 310i32 1004-15 
Total glyeosaminoglyean b 6.674-0.45 10.84-0.9 
Hyaluronic acid b 0.77 0.83 
Heparan sulphate o 0.89 3.76 
Chondroitin 4-sulphate a 0.53 1.53 
Chondroitin 6-sulphate a 0.41 0.59 
Dermatan sulphate a 2.52 2.35 
Heparin o 0.88 2.26 

Results are mean values (4- S.E.M.) of 5-7 separate estimations using 
material derived from 4 animals. Further fractionations were per- 
formed at least in replicate on pooled giycosaminoglycau preparations. 
Results expressed in terms of mg fibrous protein5 ~zmole glucuronie 
acid b p~mole glueosamine o, or ~zmole galaetosamine a. 

Table II. Extractability of major glycosaminoglyean fractiotts of 
parenchyma and visceral pleura of bovine hmg 

Glycosaminoglycan Tissue Percent remaining insoluble 
after extraction with : 
Collagenase Elastase M NaC1 

Heparan sulphate Parenchyma 3 0 29 
Pleura 5 12 25 

Dermatan sulphate Parenchyma 15 39 39 
Pleura 12 65 79 

Heparin Parenehyma 85 27 11 
Pleura 39 27 0 

Digestion with collagenase (Sigma Type III, Fraction A, 1000 U]g 
tissue) at 37 oC for 24 h in 0.15M phosphate buffer pH 7.1 yielded 
products which, when dry, contained 1.6% (pleura) and 6.2% 
(parenchyma) collagen. Digestion with elastase (Sigma or Koch- 
Light crystalline, 10 mg/g tissue), of tissue before treatment with 
organic solvents, at 37~ for 24 h in 0.1M NaHCOa plK 8.8 yielded 
products which were virtually free of elastin. Repeated extraction 
with M NaC1 (a total of 40 ml/g parenchyma and 200 ml/g pleura) 
yielded residues and soluble extracts.which were both analyzed for 
glycosaminoglyeans. 
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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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