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caract6ris6 par  la pr6sence de la bande 3 R ;  le second par  
la pr6sence de la bande 3L;  le t rois igme possgde ces 
2 bandes.  On remarque  que la largeur des bandes 3 R  et 
3L  sur le p ro t6 inogramme du trois igme type  est plus 
r6duite que celle des bandes de m~me mobil i t6  des 
pro t6 inogrammes  des deux autres types.  

Ces diffgrences individuelles  6voquent  l 'exis tence de 
2 var ian ts  d 'une  protgine (prot6ine 3), sous le contr61e de 
2 g~nes alleles (ggnes 3 R et 3 L). 

La  r6part i t ion des 3 types  de pro t6 inogrammes  cor- 
respondant  ~ des individus issus de 17 familles de fr~res 
et sGeurs est ind iqufe  dans le Tableau I. 

Afin de v6rifier cet te  hypoth6se, nous avons proc6d6 
des appar iements  entre sujets des familles 12 et 17 du 
tab leau  I. Les r6sultats  et l ' in te rprg ta t ion  de ceux-ci 
f igurent  dans le Tableau  I I .  La  r@ar t i t i on  des 3 types  
de prot6 inogrammes dans les 5 families analysges est 
conforme ~ l 'hyp6thgse propos6e. 

Discussion et conclusion. L 'h6molymphe  de Galleria 
est un Iluide biologique complexe et instable, par t icu-  
l i6rement  sujet  g mdlanisation.  La rgsolution de ses 
consLituants d6pend tr~s la rgement  des condi t ions  exp6ri- 
mentalesK La technique  que nous met tons  en ceuvre 
condui t  X des r6sultats  reproduct ibles ;  elle est suffisam- 
men t  sensible pour pe rmet t re  d 'observer  les modif icat ions  
induites par  la pr6sence d 'agents  pathog~nes4, 5 ou 
d '6valuer  l ' inf luence r6elle de tou t  autre  t r a i t emen t  sur 
la composi t ion en prot6ine majeure  de l 'h6molymphe.  

Cette  6tude me t  en ~vidence l ' impor tance  des var ia t ions  
h6rfdi taires  des prot6ines dans la d6finition du prot6ino- 

g r amme  d 'un  insecte et  const i tue  un des rares exemple  de 
groupes s6riques chez un inver t6brC 

Summary. The haemo lymph  pro te inogram of Galleria 
mellonella larvae in the  L3  stage is formed by  8 or 9 
zones according to the larvae.  The re la t ive  impor tance  
of var ious proteins shows only some sl ight  individual  
differences. However ,  3 d is t inct  types  of p ro te inogram 
rela t ing to the  presence or absence of near  zones 3 R and 
3L are noted.  The genetic analysis shows tha t  these 
3 phenotypes  are induced by  2 eodominan t  au tosomal  
altelic genes. This  work  reveals the  occurrence of blood 
groups in an exper imenta l  s t rain of Lepidoptera .  
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The  Effect of 2 , 3 - D P G  on Red Cell  E n z y m e s  

In  19711, ~ we repor ted  t h a t  several  enzymes of glucose 
metabol ism,  viz. hexokinase,  phosphoglucomutase ,  phos- 
phofructokinase,  aldolase and glyceraldehyde phospha te  
dehydrogenase  were inhibi ted  by  2,3-diphosphoglycerate  
(2,3-DPG). On the  o ther  hand,  we found t h a t  glucose-6- 
phospha te  dehydrogenase,  6-phosphogluconate  dehydro-  
genase, glucose-phosphate  isomerase, t r iosephosphate  iso- 
merase, phosphoglycera te  kinase, monophosphoglycero-  
mutase,  enolase, py ruva t e  kinase, g lu ta th ione  reductase,  
and lac ta te  dehydrogenase  were not  affected by  2,3-DPG. 

Since our original  report ,  most  of our findings have  
been confirmed by  others bu t  some observat ions  which 

m a y  seem to cont rad ic t  some of our  conclusions, have  
been published. We should now like to explain these 
apparen t  discrepancies, and eva lua te  the  possible 
physiologic role of some of the  o ther  points  of inhibi t ion 
which have  been described. 

The reports  to which we refer include those of STAA53 
claiming tha t  phosphofructokinase  is not  inhibi ted by  
2,3-DPG, YOSI~IDA 4 repor t ing  t h a t  6-phosphogluconate  
dehydrogenase is inhibi ted  by  2,3-DPG, ARNOLD et al. ~ 
who finds inhibi t ion of glucose-phosphate  isomerase and 
PoNcE et  al. ~ who discovered inhibi t ion of phosphogly-  
cerate  kinase and py ruva t e  kinase in thei r  studies. 
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The suggest ion t h a t  pur i f ied P F K  is no t  inh ib i ted  by  2, 3- 
D P G  is clearly in error. The resul ts  r epor ted  by  STAAL and  
NOSTER are confused by  the  fac t  t h a t  t h e y  a p p a r e n t l y  used  
a 2,3-DPG p repa ra t ion  which  was heavi ly  c o n t a m i n a t e d  
wi th  3-PGA 7. More impor t an t ,  however ,  is the  fact  t h a t  
a ve ry  high concen t ra t ion  of tris was used in his assay 
sys tem.  We  have  found  t h a t  such concen t ra t ions  of tris 
comple te ly  relieve the  inh ib i t ion  of P F K  by  2,3-DPG s. 
TARUI has conf i rmed t h a t  even h igh ly  puri f ied phospho-  
f ructokinase  is inh ib i ted  by  2,3-DPG% 

We are able to subs t an t i a t e  YOSHIDA'S repor t  of t he  
inhib i t ion  of 6-phosphogluconic  dehydrogenase  (6-PGD) 
by  2,3-DPG. In  our original  communica t ion ,  no such 
inhib i t ion  was found  because  th is  enzyme was one of the  
few which was assayed at  only  one subs t ra te  concent ra t ion .  
The inh ib i t ion  of th is  enzyme by  2 ,3-DPG is compet i t ive  
wi th  t he  subs t ra te ,  6-phosphogluconic  acid (6-PGA). At  
t he  subs t r a t e  concen t ra t ion  which we used, 0.6 m M ,  
no inhib i t ion  is observed;  a t  much  lower, physiologic,  
concent ra t ions ,  inh ib i t ion  is qui te  apparen t .  
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Fig. 1. The relationship between the total ADP concentration and 
that of the calculated ADP-magnesium complex in a system with a 
total magnesium concentration of 2 mM and 2, 3-DPG concentrations 
varying from 0 to 10 mM. The concentration of the ADP-magnesium 
complex has been calculated from magnesium-2, 3-DPG and magne- 
sium~ADP dissociation constants of 10 -~ M l~ Similar curves are 
obtained with an ADP-magnesium complex dissociation constant 
of 3.03 x 10 -4 M ~, but the effect of 2,3-DPG is then somewhat 
smaIIer. 
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Fig. 2. A Lineweaver-Burke plot of pyruvate kinase activity at 
various levels of ADP. The assay was carried out as previously 
described xS. In this system, the magnesium concentration is 10 mM, 
so that virtuMly all the ADP is complexed with magnesium. The K m 
for ADP was 0.5 mM in the presence of 0.1 M potassium chloride; 
the Km for ADP was 1.4 mM in the absence of potassium chloride. 

We  are able, too, to conf i rm the  results  r epor ted  by  
ARNOLD e t a l .  Here,  again, differences in t echn ique  
accoun t  for t he  d i f ferent  results .  The concen t ra t ion  of 
f ruc tose-6-phospha te  employed  by  ARNOLD et  al. was 
only  50 FM, one-hMf the  concen t ra t ion  we used. At  th is  
concen t ra t ion  of F -6-P  sl ight  inh ib i t ion  of glucose- 
p h o s p h a t e  isomerase is seen also in our  assay sys tem.  
Secondly,  the  inhib i t ion  is more  a p p a r e n t  a t  the  p H  of 
7.2, used by  ARNOLD e t a l . ,  t h a n  at  the  p H  of 8 which  we 
employed.  Finally,  g lucose-phosphate  isomerase inhib i t ion  
is par t ia l ly  overcome by  the  addi t ion  of magnes ium which  
we employ  in t he  assay while t h e y  do not .  In  any  case, i t  
seems unlikely t h a t  GPI  inhib i t ion  by  2,3-DPG plays  an  
i m p o r t a n t  physiologic role, since, as po in ted  out  by  
ARNOLD e t a l . ,  only the  backward  react ion is affected.  

The observa t ions  of PONCE e t a l .  serve to emphas ize  the  
i m p o r t a n t  role of t he  levels of magnes ium-aden ine  
nucleot ide  complexes  in the  regula t ion of kinases wi th in  
the  red cell. 2 ,3-DPG chelates  magnes ium wi th  a disso- 
ciat ion cons t an t  of ap p ro x i ma t e l y  10 -a MlO, 11. The 
aff in i ty  of A D P  for magnes ium is re la t ively  low, wi th  
dissociat ion cons tan t s  hav ing  been  e s t ima ted  at  approxi -  
ma te ly  10 -a M and 0.3 •  -a fVIl~ 12. Therefore,  A D P -  
requir ing  react ions  such as the  p y r u v a t e  kinase (PK) 
reaction,  are par t i cu la r ly  sensi t ive to  the  free Mg concen- 
t ra t ion.  The sys tem which  we use to assay P K  conta ined  
10 m M  magnes ium,  while Ponce  et  al t~sed ~ sys t em 
conta in ing  only 2 m M  magnes ium ion. The calcula ted 
effect  of 2 ,3-DPG on the  concen t ra t ion  of the  Mg -ADP 
complex  is a sys t em conta in ing  2 m M  Mg ++ is shown in 
Figure  1. A t  t he  Mg ++ and  A D P  concen t ra t ion  used by  
PONCE et al. the  calculated ADP-Mg concen t ra t ion  is 
0.81 m M .  At  a 5 m M  concen t ra t ion  of 2 ,3-DPG the  
calcula ted ADP-Mg concen t ra t ion  falls to only 0.38 m M .  
In  our system,  because a grea t  excess of Mg ++ is present ,  
the  concen t ra t ion  of ADP-Mg falls only f rom 0.36 mM,  in 
the  absence of added  2,3-DPG, to  0.34 m M  in the  presence  
of 5 m M  2,3-DPG. Compounding  the  effect  of 2 ,3-DPG 
in the i r  magnes ium-poor  assay sys t em is the  fact  t h a t  the  
sys t em used by  PONCE e t a l .  con ta ined  no potass ium.  We 
have  found t h a t  po tas s ium marked ly  lowers the  K ~  of 
P K  for ADP-Mg (Figure 2). These c i rcumstances  fully 
account  for the  fact  t h a t  2 ,3-DPG was found to  inh ib i t  
p y r u v a t e  kinase in the  assay sys t em of PONCE et al. The 
effect  was s imply  due to compe t i t ion  of 2 ,3-DPG for 
magnes ium wi th  ADP.  A similar  exp lana t ion  of th is  
d i sc repancy  was recent ly  offered by  BLACK and HENDER- 
SON'3. The same type  of effect  on the  phosphog lyce ra te  
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k inase  s tep  can  also be  d e m o n s t r a t e d .  Indeed ,  PONCE 
et  al. p o i n t e d  ou t  t h a t  ' i n h i b i t i o n '  of these  enzymes  b y  
2 ,3 -DPG was ' c o m p e t i t i v e '  w i t h  Mg ++. 

A l t h o u g h  t h e  effect  effect  of 2 ,3 -DPG on these  enzy mes  
is mere ly  due  to Mg++ b inding ,  th i s  does no t  m e a n  t h a t  i t  
could  no t  be  phys io logica l ly  s ignif icant .  The  t o t a l  i n t r a -  
cellular m a g n e s i u m  c o n c e n t r a t i o n  of e r y t h r o c y t e s  is on ly  
a p p r o x i m a t e l y  4.5 m M  14,15 and  th i s  smal l  a m o u n t  of mag-  
nes ium is largely b o u n d  to ATP,  a powerfu l  m a g n e s i u m  
che la t ing  c o m p o u n d  (dissociat ion c o n s t a n t  = 1.81 • 10 -5 
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M 12) a n d  2,3-DPG. I t  is poss ible  t h a t ,  in sp i te  of t he  
h igh  in t r ace l lu la r  p o t a s s i u m  c o n c e n t r a t i o n  of red  ceils, 
2 ,3-DPG may,  u n d e r  physiologic  c i rcumstances ,  p roduce  
some degree of m o d u l a t i o n  of m a g n e s i u m  requ i r ing  
reactions 16 

Zusammen/assung.  Der  Eii lf luss v o n  2 ,3 -DPG auf  die 
E r y t h r o z y t e n e n z y m e  P F K ,  6-PGD, G P I  u n d  P K  is t  
n o c h m a l s  u n t e r s u c h t  worden.  U n t e r s c h i e d e  zu bere i t s  
p u b l i z i e r t en  E r g e b n i s s e n  werden  auf  G r u n d  un te r sch ied -  
l icher  expe r imen te l l e r  B e d i n g u n g e n  u n d  ve r sch iedene r  
k i i le t i scher  E i g e n s c h a f t e n  der  E n z y m e  erkl~irt. 
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Precipitating Antibody Against Core Glycolipid of 

T he  cell walls  of m o s t  Enterobacteriaeeae possess a 
c o m m o n  'core '  g lycol ipid  m o i e t y  wh ich  consis ts  of 2-keto- 
3 -deoxyoc tona te  (KDO) l inked  to  l ip id  Al ,  k E n d o t o x i c  
p roper t i e s  of bac te r i a l  l ipopo lysacchar ides  h a v e  been  
re l a t ed  to t he  biologic a c t i v i t y  of l ip id  A 3, ~ and  the re  
is ev idence  t h a t  a i l t i -KDO-l ip id  A an t ibod ie s  are pro-  
t ec t ive  in m a n  5. 

Th i s  r e p o r t  de ta i l s  m e t h o d s  for p roduc ing  an d  de- 
m o n s t r a t i n g  p r e c i p i t a t i n g  a n t i b o d y  aga ins t  t he  core 
glycol ipid  moie ty ,  as expressed  in S. minnesota 595 
c h e m o t y p e  'Re ' .  The  organism,  whose  cell wal l  consis ts  
p r inc ipa l ly  of K D O  l ipid A l inkages3,  8, was  o b t a i n e d  
f rom Dr. OTTO \u Max  P l a n c k  I n s t i t u t e  for  
Immunob io log ie ,  F r e i b u r g  (Germany) .  Alb ino  New Zea- 
l and  r a b b i t s  (2.5 to  4 kg), were i m m u n i z e d  w i t h  suspens ions  
c o n t a i n i n g  109 o rgan i sms /ml  wh ich  were boi led  for 1 h a t  
100~ Suspens ions  were in jec ted  i.v. accord ing  to  t h e  
fol lowing schedule :  0.1 ml,  0.2 ml,  0.4 ml,  0.8 ml,  1.6 ml  
(followed b y  r epe t i t i on  of t h e  las t  dose) a t  i n t e rva l s  of 5 
to  7 days.  O p t i m a l  a n t i b o d y  p r o d u c t i o n  was found  
in a n i m a l s  g iven  more  t h a n  10 in jec t ions .  A lb ino  r a b b i t s  
were also i m m u n i z e d  w i th  a 1 ml  suspens ion  of hea t -k i l l ed  
o rgan i sms  mixed  w i t h  a n  equa l  v o l u m e  of F r e u n d ' s  
comple te  a d j u v a n t  (Difco Labora to r ies ,  Det ro i t ,  Michigan) .  

Enterobacteriaceae 

Lapine antibodies were raised against the following 
organisms by an initial i.m. injection of approximately 
108 boiled bacteria followed by 4 to 6 i.v. injections of the 
same numbers of organisms every 5 to 7 days : Escherichia 
colt 014 (ATCC-19110), Klebsiella pneumonia t y p e  I, 
Proteus rettgeri t y p e  80, an d  Serratia marcescens 01. 

Crude  an t igen ic  p r e p a r a t i o n s  f rom all  b a c t e r i a  were 
p r e p a r e d  b y  m e t h o d s  iden t ica l  to  m a k i n g  t h e  an t igens  
used in i m m u n i z a t i o n s  excep t  t h a t  t h e y  were a d d i t i o n a l l y  
f rozen a t  - -80~  a n d  t h a w e d  10 t imes .  A n t i g e n  suspen-  
s ions were cen t r i fuged  a t  500 • g for 15 mill  an d  t he  
supernatant used in irnmunodiffusion studies. Extraction 
of t h e  glycol ipid  of S. minnesota 595 c h e m o t y p e  ' R e '  was  
accompl i shed  us ing  t h e  p h en o l - ch l o ro fo rm-p e t ro l eum 
e the r  m e t h o d  of GALANOS et  el. ~ wh ich  y ie lded a w a t e r  
soluble  an t i g en  suspens ion  c o n t a i n i n g  75 fxg/ml of 
glycolipid.  

The  i m m u n o d i f i u s i o n  m e t h o d  was t h a t  p rev ious ly  
descr ibed  us ing  1% agarose  (Mann) t h i n l y  coa ted  on glass 
slides s. F igure  1 d e m o n s t r a t e s  t h a t  s e rum f rom r a b b i t s  
i m m u n i z e d  b y  e i the r  m e t h o d  fo rmed  prec ip i t in  b a n d s  
ag a i n s t  t h e  pur i f ied  glycol ipid p r e p a r a t i o n  an d  c rude  
S. minnesota an t igen .  I n  genera l  sera  f rom a n i m a l s  
i m m u n i z e d  b y  t h e  i.v. rou te  w i t h  10 in jec t ions  p roduced  
more  in tense  b a n d s  of p rec ip i t a t ion .  A s t rong  l ine of 
i d e n t i t y  is obse rved  b e t w e e n  wells c o n t a i n i n g  glycol ipid 
e x t r a c t  a n d  t h e  c rude  s u p e r n a t a n t  an t igen .  A s t rong  
p rec ip i t in  b a n d  close to t h e  well  c o n t a i n i n g  t h e  p h e n o l  
ch lo ro fo rm-pe t ro l eum e the r  e x t r a c t  m a y  h a v e  been  due  to  
an t igen  aggrega t ion  seconda ry  to t h e  e x t r a c t i o n  process.  
F igure  2 d e m o n s t r a t e s  p r e c i p i t a t i n g  a n t i b o d y  r e su l t i ng  

Fig. 1. Diffusion of S. minnesota 595 chemotype' Re' antiserum against 
crude and purified antigens. A) Serum from rabbit immunized by 
i.v. route. I3) Serum from rabbit immunized with heat-killed bacteria 
and Freund's complete adjuvant. Wells 1 and 3: Crude (freeze- 
thawed) antigen. Well 2: Purified antigen prepared by phenol- 
chloroform-petroleum ether extraction. 
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