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fish ~-~s and the presence of this biologically ac t ive  
amine, bu t  not  5 -hydroxyt ryp tamine ,  has been de- 
mons t ra ted  in the  dermis of plaice ~. Al though SRS-A has 
been demons t ra ted  in p r imate  skin ~, its cellular origin 
remains obscure and there  appear  to be no reports  of 
finding SRS-A in any tissues from poikilotherms.  

Al though  the  mechanisms involved  in immedia te  
hypersens i t iv i ty  reactions have  been the  subject  of 
in tensive s tudy  ~0-~, much  has still to be learned about  the  
chemical  mediators  involved  and this  is especially t rue  of 
media tors  found in mammals  o ther  than  primates.  The 
mediators ,  t a rge t  ceils and sensit ivi t ies of different  tissues 
v a r y  wi th  speciesn,  ~a and wi th  poiki lo therms t h e  
avai lable  knowledge on all  of these aspects is ex t remely  
l imited.  
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In  our exper iments  the  adminis t ra t ion  of ant ih is tamines  
alone did not  inhibi t  the  plaice e ry thema  reactions.  This  
m a y  indicate  t ha t  h is tamine  is not  involved  in the  plaice 
skin reactions or t ha t  mediators  o ther  t han  h is tamine  are 
also involved.  However ,  inhibi t ion of the  fungal  ex t rac t  - 
and compound  48/80 - induced plaice e ry thema  reactions 
by DSCG and die thylcarbamazine ,  compounds  known to 
i n h i b i t  s o m e  t y p e  I al lergic r e sponses ,  s u p p o r t s  o u r  e~rlier 
conc lu s ion  2 t h a t  we  are  dea l ing  w i t h  a t r u e  i m m e d i a t e  
h y p e r s e n s i t i v i t y  r e a c t i o n  in a p o i k i l o t h e r m .  F u r t h e r  
e x p e r i m e n t s  a re  in p r o g r e s s  in a n  a t t e m p t  to  i den t i f y  t h e  
i nd iv idua l  p h a r m a c o l o g i c a l l y - a c t i v e  c o m p o u n d s  a n d  t h e  
t a r g e t  cells w h i c h  are  i n v o l v e d  in t h e  f l a t f i sh  c u t a n e o u s  
reac t ions .  

Rdsumd. Comme le cromoglycate  disodique et  la 
d i6 thylcarbamazine  (qui ne sont  pas des ant is taminiques)  
inhibent  la %act ion d 'hypersensibi l i t6  imm6dia te  chez 
Pleuronectes platessa s la suite d 'une  inject ion intra-  
dermique  d 'ex t ra i t s  Iungiques,  il semble que les m6dia- 
teurs autres  que  l 'h i s tamine  penven t  8tre impliqu~s. 
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H e x o s e - 6 - P h o s p h a t e  D e h y d r o ~ e n a s e  f r o m  H u m a n  T i s s u e s :  an E l e c t r o p h o r e t i c  S tudy  in 
Hea l th  and D i s e a s e  i 

Hexose-6-phosphate  dehydrogenase (H6PD ; EC 
1.1.1.47) is a microsomal  enzyme which has been demon-  
s t ra ted  in a number  of tissues f rom different  species ~-~. 
I t  is ident ical  wi th  glucose dehydrogenaseS, 18,i~. After  
biochemical  and immunologica l  experiments ,  and hybrid-  
izat ion studies in t rout ,  i t  was suggested tha t  H 6 P D  and 
glucose-6-phosphate dehydrogenase (G6PD ; EC 1.1.1.49) 
arose f rom a common ancestral  type  of G6PD, an interest-  
ing relat ionship of H 6 P D  and G6PD on the  evolu t ionary  
basis has been established ~5-~s. In  m a m m a l i a n  tissues 
considerable biochemical  differences be tween H 6 P D  and 
G6PD have  been found a-~, s, ~1, ~2 ; a comparison of the two 

Comparison of hexose-6-phosphate-dehydrogenase (H6PD) and of 
glncose-6-phosphate- dehydrogenase (G6PD) 

Properties H6PD G6PD 

Localization Microsomal fraction 
Genetic control Autosomal 
Substrates G6P 

Gal-6P 
2-d-G6P 
Glucose 

Coenzymes NADP NADP 
NAD (NAD) 

Molecular weight 223,000 102,000 
Binding to CM-cellulose + + + + 
Eleetrophoretic mobility slow fast 
Precipitation by anti-G6PD -- + 
Inactivation by anti-G6PD - + 

Soluble fraction 
X-chromosomal 
G6P 
(2-d-G6P) 

enzymes is given in the  Table. E lec t rophore t ic  studies on 
h u m a n  l iver  a a n d  p l a c e n t a  9 s u g g e s t e d  t h a t  H 6 P D  is a 
h i g h l y  p o l y m o r p h i c  e n z y m e .  H o w e v e r ,  no  d i s t i nc t  
p a t t e r n  of i n h e r i t a n c e  cou ld  be def ined  b y  the  r e su l t s  
r e p o r t e d .  W e  h a v e  p e r f o r m e d  an  e l e c t r o p h o r e t i c  s t u d y  

i This paper contains a considerable part of the doctoral thesis of 
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Fig. 1. Electrophoresis of glucose-6-phosphate dehydrogenase from 
human erythrocytes (upper part) and of hexose-6-phosphate-dehy- 
drogenase from human leukocyte (lower part) from donors with 
glucose-6-phosphate dehydrogenase types 'B' (slot 1, 2, 5-8) and 'A-' 
(slot 3, 4). The slot order was identical in both experiments. Staining 
for glueose-6-phosphate dehydrogenase as 'fluorescence stain TM, 
for hexose-6-phosphate dehydrogenase in the PMS-MTT linked 
reaction 9. 

Fig. 2. Electrophoresis of hexose-6-phosphate dehydrogenase from 
normal human placenta (slot 1), normal human leukocytes (slot 2), 
and leukoeytes from patients with chronic myelocytic leukemia 
(slot 3, 4). Staining for hexose-6-phosphate dehydrogenase activity 
in tt~e PbIS-MTT linked reaction 9. 
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on h u m a n  t issues  to  e luc ida te  t h e  genet ic  s i t ua t i on  a n d  
to d iscover  t h e  p a t t e r n  of t h e  e n z y m e  u n d e r  pa tho log ica l  
condi t ions .  

The  b iochemica l s  used in th i s  s t u d y  were p u r c h a s e d  
f rom t h e  fol lowing m a n u f a c t u r e s :  N i c o t i n a m i d e - a d e n i n e  
d inuc leo t ide  p h o s p h a t e  (NADP) ,  n i c o t i n a m i d e - a d e n i n e  
d inuc leo t ide  (NAD) a n d  g lucose -6 -phospha te  (G6P) f rom 
C.F. Boehr inger ,  M a n n h e i m ,  G F R ;  n i t r ob lue  t e t r azo l ium,  
phe l l az ine  me thosu l f a t e ,  an d  D-glucose f rom Serva,  
kleidelberg,  G F R ;  ga l ac tose -6 -phospha te  (gal-6P) a n d  
2-desoxyglucose-6-phospha te  {2-d-G6P) f rom Sigma,  
St. Louis,  USA.  T~'is ( h y d r o x y m e t h y l )  a m i n o m e t h a n e  
(Tris) was o b t a i n e d  f rom E. Merck,  D a r m s t a d t ,  G F R ,  and  
E l e c t r o s t a r c h  f rom O. Hi l ler  & Co., Madison,  USA.  
Liver  samples  wh ich  were t a k e n  du r ing  laparoscopy,  
l a p a r a t o m y  or d u r i n g  au topsy ,  p l a c e n t a  spec imen  col lected 
i m m e d i a t e l y  a f t e r  del ivery,  a n d  l eukocy tes  i sola ted f rom 
freshly  d r a w n  b lood  19, were homogen ized  in a P o t t e r -  
E l v e h j e m  w i t h  s u b s e q u e n t  sonica t ion .  Af te r  homogen iza -  
t ion,  t h e  samples  were cen t r i fuged  for 15 ra in  a t  40,000 •  
a t  0~ a n d  t h e  s u p e r n a t a n t  so lu t ions  were used for 
e lec t rophore t ic  analysis .  Ver t i ca l  e lec t rophores is  20 was 
pe r fo rmed  in a 10% s t a r c h  gel, p r e p a r e d  in 20 m M  Tris- 
HC1 p I l  9.0; c h a m b e r  buf fe r  was 100 m M  Teis-HC1 p H  
9.0. Af te r  17 h a t  200 V a n d  4~ t h e  gels were sliced and  
s t a ined  for IK6PD a n d  G6PD,  respect ively ,  fol lowing 
ear l ier  descr ibed  methodsS,9,  21. To d e m o n s t r a t e  t he  
genet ic  d i s t i nc t ion  b e t w een  H 6 P D  an d  G 6 P D  we ana lyzed  
l eukocy te  H 6 P D  a n d  e r y t h r o c y t e  G 6 P D  f rom donors  w i t h  
t h e  G 6 P D  t y p e  'B '  a n d  w i t h  t h e  ' A - ' v a r i a n t .  T h e  resu l t  is 
shown  in F igure  1. W h e r e a s  H 6 P D  exh ib i t s  a n  iden t ica l  
b a n d  in aU samples ,  in  t h e  case of G 6 P D  t h e  we l l -konwn 
e lec t rophore t i c  d i f ference 92 b e t w e e n  t h e  genet ic  types  can  
be  observed .  

W e  h a v e  s tud ied  t h e  poss ible  v a r i a b i l i t y  of H 6 P D  b y  
e lec t rophores i s  of 25 l eukocy te  samples ,  15 l iver  spec imen  
(his tological ly  normal) ,  a n d  25 p l a c e n t a  samples  f rom 65 
caucas i an  ind iv idua ls ,  who  were free f rom hema to log ica l  
d isorders  or l iver  diseases.  The  p l acen t a s  were m o r p h o -  
logical ly  normal .  I n  all  65 samples  wh ich  were ana lyzed  
on t h e  d ay  of collection,  we found  a single b a n d  of I t 6 P D  
a c t i v i t y  in t h e  ~ypical  posi t ion.  I n  a u t o p s y  samples  we 
also found  H 6 P D  in t h e  fol lowing t i ssues :  lung, k idney,  
spleen,  hea r t ,  test icle,  ovary ,  muscle ,  a n d  t h y r o i d  gland.  
W e  saw no e lec t rophore t i c  v a r i a t i o n  b e t w een  t h e  d i f fe ren t  
t issues.  

W h e n  25 l eukocy te  samples  f rom p a t i e n t s  w i t h  h e m a t o -  
logical  diseases (acute  a n d  chronic  mye logenous  or  l y m p h o -  
cyt ic  leukemias)  were ana lyzed ,  we de t ec t ed  2 samples  
f rom p a t i e n t s  w i t h  chron ic  mye logenous  l eukemia  wh ich  
exh ib i t ed  a 3 b a n d  p a t t e r n  of H 6 P D ,  see F igu re  2. 
O t h e r  p a t i e n t s  w i t h  th i s  d i sorder  d id  n o t  show t h e  ab-  
n o r m a l i t y .  Moreover,  we were also able  to  p roduce  t he  
a p p e a r a n c e  of 3 b a n d s  b y  s to r ing  n o r m a l  l eukocy tes  ove r  
severa l  weeks  a t  4~ a n d  - -20~ T h u s  we bel ieve  t h a t  
t h e  a d d i t i o n a l  b a n d s  are n o t  a specific p h e n o m e n o n .  The  
same o b s e r v a t i o n  we m a d e  w i t h  samples  f rom p a t i e n t s  
w i t h  chronic  l iver  diseases (chronic h e p a t i t i s  or cirrhosis  
of t h e  liver).  F a s t e r  m o v i n g  b a n d s  could be  obse rved  in 
these  diseases,  b u t  t h e y  also could  be  p roduced  b y  aging  
n o r m a l  l iver  samples  in  v i t ro .  

To summar ize ,  t h e  genet ic  d i s t i nc t ion  b e t w een  H 6 P D  
a n d  G 6 P D  can  be  d e m o n s t r a t e d  b y  e lec t rophore t i c  m e a n s  ; 
we found  no  v a r i ab i l i t y  in  samples  f rom 65 caucas ians ;  
in chron ic  d isorders  a d d i t i o n a l  b a n d s  of IK6PD a c t i v i t y  
c an  appear ,  b u t  th i s  is n o t  a specific b iochemica l  fea tu re  
of t h e  diseases. I t  m i g h t  be  discussed w h e t h e r  t h e  earl ier  
descr ibed  v a r i a b i l i t y  of H 6 P D  3 9 was due to chronic  l iver  
diseases in  case of t h e  a u t o p s y  spec imen  3, or due  to  the  
l e n g t h  of s torage  of t h e  p l acen t a s  9. T h e  n a t u r e  of t h e  fas t  
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moving  bands, which appear  in chronic diseases as more 
f requent  and much  faster  t han  in normal  samples, remains 
unclear solar. Their  presence migh t  be expla ined by  the  
format ion of oligomers or by a disbalance in the  oxido- 
reduct ive  s tatus of the enzyme molecule. 

A similar s tudy as repor ted  herein has been published 
recent ly  23. 

Zusammen/assung. Es wird fiber e lektrophoret ische 
Untersuchungen  zum mikrosomalen E n z y m  Hexose-6- 
Phospha t -Dehydrogenase  (H6PD) aus menschl ichen 
Leukocyten,  P lazentagewebe und Leber  bei Gesunden 
und Kranken  berichtet .  Ferner  wird durch  Analyse des 
Enzyms  H 6 P D  bei zwei verschiedenen Glukose-6- 

Phospha te -Dehydrogenase  (G6PD) Ph/ i l lo typen gezeigt, 
dass die beiden E n z y m e  I-I6PD und G6PD beim Menschen 
nicht  gemeinsamer  genet ischer  Kontrol le  llnterliegen. 
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Lymphocyte Transformation Studies of Sea Mammal Blood 

A previous communica t ion  f rom this l abora to ry  1 
described a technique  for cytogenet ic  analysis of the  
dolphin (Tursiops truncatus). The following is a repor t  of 
studies on the  ill v i t ro  mi togen- indueed blastogenic 
response of lymphocytes  f rom Delphinidae.  To our 
knowledge,  these are the  first  in v i t ro  cellular immune  
studies repor ted  in sea mammals .  

Materials and methods. A male  and a female member  of 
each of t he  species, T. truncatus (dolphin), Orcinus orca 
(killer whale), and 1 male Globicephala melaena (pilot 
whale) were studied. These aqua t ic  mammal s  are capt ive  
specimens of an oceanar ium collection (Sea-Arama of 
Texas,  Galveston,  Texas).  Per ipheral  blood from each 
animal  was drawn by venipunc ture  into a sterile heparin-  
ized (20 l lni ts /ml  of blood) syringe. L y m p h o c y t e  cultures 
were established by  a me thod  similar  to t ha t  used for the  
s tudy  of human  peripheral  blood lymphocytes  2. Tr ipl icate  
cul ture tubes conta ining 0.1 ml  of heparinized whole 
per ipheral  blood in 3 ml  of m e d i u m  were innocuta ted  wi th  
ei ther  0.1 ml  phosphate-buffered saline (PBS, control  
tubes), 0.1 ml of 1:2 di lut ion of phytohemaggtu t in in-M 
(PHA, Difco Laborator ies ,  Detroi t ,  Michigan), or 0.1 ml 
of pokeweed mi togen (PWM, Grand Is land Biological  
Company,  Grand Island, New York). The  cul ture med ium 
consisted of Ear le ' s  min imal  essential  med ium (MEM) 
supplemented wi th  20% hea t - inac t iva ted  fetal  calf 
serum, 50 ~g erythromycin ,  200 ~g s t reptomycin,  and 

Table I. Response of peripheral blood cultures from the killer whale 
(0. orca) to in vitro exposure to PHA 

Day of assay PBS (CPM) PHA (CPM) SI ~ Cell viability (%) 

3 77 b 3179 40.7 83 
118 c 4049 34.3 79 

5 220 5011 22.8 72 
353 6864 19.4 76 

7 138 4359 31.6 60 
412 4655 11.1 62 

10 289 3306 11.4 36 
78 2086 26.7 40 

14 330 395 1.2 30 
416 393 0.9 36 

1.5 tzg sodium bicarbonate /ml .  Af te r  2 to 13 days of 
incuba t ion  a t  37~ and 5% CO 2, 0.5 aCi of t r i t i a ted  
thymid ine  were added to each cul ture tube. Approxi-  
ma te ly  24 h af ter  labeling, the  cells were washed twice 
wi th  dist i l led wate r  to lyse the  erythrocytes ,  and the  cell 
pellet  was prec ip i ta ted  wi th  3 ml 5% cold t r ichloroacet ic  
acid (TCA). The prec ip i ta te  was then  washed wi th  
me thano l  and digested wi th  0.2 ml  of 0.1 N sodium 
hydroxide.  10 ml  of scint i l la t ion cocktai l  consisting of 4 g 
of B u t y l - P B D  (Beckman Ins t ruments ,  Fuller ton,  Calif.), 
100 mg of P O P O P  (Packard In s t rumen t  Co., Downer ' s  
Grove, Ill.), and 100 ml  Bio-Solv  BBS-3  (Beckman)/1000 
ml of scint i l la t ion grade toluene (Beckman) were added 
to each tube  at  least  2 h before count ing in a Beckman  
LS-150 counter .  The  counts  per  minu te  (cpm) of t r ipl icate  
tubes  were averaged and the  specific incorpora t ion  (SI) 
of t r i t i a ted  thymid ine  was calculated by  the  formula  
SI = cpm/cont ro l  cpm. In  some experiments ,  addi t ional  
cul ture  tubes  conta ining only blood and med ium were set 
up for cell v iab i l i ty  studies. On the  day  of ha rves t  these 
cells were washed twice wi th  PBS,  and v iabi l i ty  was 
de termined  by  t r y p a n  blue exclusion. Addi t ional  studies 
were run  to demons t ra te  t ha t  the  specific incorporat ion 
results were ac tua l ly  due to thymid ine  incorpora t ion  in 
blastic and mi to t ic  cells as had  been found in o ther  
m a m m a l i a n  species tes ted by  l ymphocy t e  t ransformat ion.  
Autoradiographs  of dolphin  blood were done at  5 days on 
P W M  s t imula ted  ceils a t  t he  same t ime  as tubes  were 
harves ted  for morphological  counts  of t rans tormed cells 
and tubes for l iquid scint i l la t ion counting.  Culture of 
lymphocytes  were labeled 24 h before harvest ing.  

Al iquots  of the  cell sediment  f rom t r ip l ica te  tubes were 
carefully smeared on hemato logy  microscopic slides for 
s ta ining (Wright 's) .  Counts of t ransformed ( lympho- 
blastic) and mi to t ic  cells/I ,000 cells were read in tr ipl icate.  

Rad ioac t ive  labeled blood smears on glass microscope 
slides were immersed at  40~ into a 50% solution of 
Kodak  NTB-2  nuclear  t r ack  emulsion and deionized 
dist i l led water .  The  slides were then  room dried and 
stored in l igh t - t igh t  boxes for 40 days exposure to  the  
rad ioac t ive  label.  They  were then  developed a t  17 ~ in a 
Dekto l  solution, f ixed wi th  Kodak  acid fixer, and then  
washed in deionized wate r  at  17~ After  drying, the  

SI,  specific i nco rpo ra t i on  of t r i t i a t e d  t h y m i d i n e  = CPM P H A /  
CPM P B S  (SI~>3.0 = posi t ive) ,  b T o t a l l e u k o c y t e c o u n t  = 5 ,600/mm3;  
di f ferent ia l  = 32% m o n o n u c l e a r  cells; 6 8 %  p o l y m o r p h o n u e l e a r .  
o To ta l  l eukocy te  c o u n t  = 7,000/raniS; d i f ferent ia l  = 25% mono-  
nuc l ea r  cells; 75% p o l y m o r p h o n u c l e a r .  

1 N. PRASAD, D. M. MU,~.~EORD, P. B. BARSALlgS, T. WH[TI~IAN a n d  
J .  R.  WILBUR, E x p e r i e n t i a  26, 1167 (1970). 
D. M. MUMFORD, P. t3. BARSALES, C. E. FLOWERS, JR., J .  R.  WIL- 
BUR a n d  R. H.  EPPRIGHT, Fedn .  Proc .  29, 369 (1970). 


