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Immunological  Identification of Human Plasma 3S7~-Globulin as Carbonic Anhydrase 

A low molecular  weigh t  p la sma  p ro te in  wi th  an electro- 
phore t ic  mobil i ty ,  cor responding  to  t he  y:-globulin has 
been  isolated by  SCHMID et al. 1 and was referred to  as 
3Syl-globulin.  This  globulin was r epor ted  to  be p resen t  
in low concen t ra t ion  in normal  h u m a n  p l a sma  (1 mg/1):. 
I t s  u r inary  excre t ion  a m o u n t e d  to 0.02.mg/24 h in normal  
subjec ts  while its level in k idney  ex t r ac t  was re la t ively  
high (6 mg/100 g wet  tissue) 3. According to its low molec- 
ular weight ,  amino  acid compos i t ion  and  e lec t rophore t ic  
mobil i ty ,  SCHMID et  al. have  sugges ted  an analogy of 
the  3Sy:-globulin wi th  carbonic  anhydra se  B of e ry thro-  
cytes  a. The specific ac t iv i ty  of t he  3Syyglobul in  was 
found to be a lmost  equal  to t h a t  of carbonic  anhydrase  
B 4. Fur the rmore ,  the  t e rmina l  amino acid sequence was 
es tabl ished to  be the  same for bo th  pro te ins  3. However ,  
no similar  compar i son  has been  made  on the  immu-  
nological behaviour  of these 2 prote ins .  

H u m a n  e ry th rocy tes  were washed  3 t imes  wi th  cold 
saline solut ion and hemolys is  was pe r fo rmed  wi th  disti l led 
water .  Carbonic anhydra se  was  p repa red  according to  
the  procedure  descr ibed by  KELLER 5. The 3Sy:-globulin 
was a gift  of Dr. SCHMID. Agar  gel e lect rophoresis  and  
immunoelec t rophores i s  were pe r fo rmed  using the  pro-  
cedure of WIEME 6 and  SCHEIDEGGER 2 respect ively.  A 
specific r abb i t  an t i se rum agains t  3Sy:-globulin was pre-  
pared  as previously  descr ibed 3. Immunof luo re scen t  tech-  

n ique  was made  using the  indi rec t  f luorescent  a n t i b o d y  
react ion,  wi th  rhodamine- labe l led  goat  a n t i - r a b b i t  F- 
globulins (Sylvania  Co.). A Lei tz  f luorescent  microscope 
was used wi th  a mercury  l amp (HBO200 W) and  a blue 
fi l ter  BG 12, 1.5 mm.  

The resul ts  have  shown t h a t  t he  carbonic  anhydrase  
p repa ra t ion  of e ry th rocy te s  has  a he te rogenous  distri-  
bu t ion  on agar  gel e lect rophoresis  (Figure 1). According  
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Fig. 1. Agar gel electrophoresis of carbonic anhydrase B. Agar gel 
electrophoresis was performed in 0.05M veronal buffer (pH 8.4). 
The upper pattern shows a separation of normal human serum 
(N.S.) for comparison with the lower pattern which reveals the 
distribution of the carbonic anhydrase preparation (C.A.). The main 
component, indicated by an arrow, reveals the carbonic anhydrase B. 

Fig. 3. hnmunofluorescenee pattern of kidney tissue. The fluor- 
escence microscopy, using the indirect staining method, reveals 
that the 3S~: antibody activity is mainly located in the tubular 
cells (T.C.), while the glomerulus (G1.) appears to be mostly non- 
fluorescent. • 250. 

Fig. 2. lmmunoelectrophoresis of 3Syl-globulin and carbonic anhydrase B. Agar gel immunoelectrophoresis was performed in 0.025M 
veronal buffer (pH 8.4). The following abbreviations are used: 3Syl, 3S~l-globulin; C.A., carbonic anhydrase; anti-3S~l, anti-3S},l-globulin. 
The interrupted groove shows the identity between the 3Sy1 and the C.A.B. 
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to  LAURENT s t he  m a i n  c o m p o n e n t  be longs  to  ca rbonic  
a n h y d r a s e  B. B y  use of i m m u n o e l e c t r o p h o r e t i c  analyses ,  
w i t h  i n t e r r u p t e d  groove,  i t  was  d e m o n s t r a t e d  t h a t  t h e r e  
was  a comple t e  r eac t ion  of i d e n t i t y  be t w een  t h e  3Sy~- 
g lobu l in  a n d  t he  ca rbon ic  a n h y d r a s e  B (Figure 2). 

I m m u n o f l u o r e s c e n t  t e c h n i q u e  us ing  a r a b b i t  an t i -  
3S)q-globul in  has  revea led  t h a t  l abe l l ing  was d i s t r i b u t e d  
in t he  whole  c y t o p l a s m a  of all  t u b u l a r  ceils, t h e  g lomerule  
b e i n g  f a in t l y  f luorescen t  (Figure  3). A 3Sy l - an t i s e rum 
of wh ich  t he  an t ibod ie s  were p r e c i p i t a t e d  b y  a pure  
3Sy~-prepara t ion  d id  n o t  show a n y  f u r t h e r  f luorescence.  

As we k n o w  t h a t  ca rbonic  a n h y d r a s e  is c o m m o n l y  
d i s t r i b u t e d  in t he  k idney ,  t h e  a b o v e  d a t a  sugges t  a n  
i d e n t i t y  be tween  th i s  e n z y m e  a n d  t he  3Sy~-globulin. 
Therefore ,  we m a y  assume  t h a t  on  t he  bas is  of s imi lar i t ies  
on  chemica l  s t ruc tu re ,  a c t i v i t y  a n d  immuno log i ca l  be-  
hav iour ,  t h e  p l a s m a  3Sy-globul in  a n d  t he  ca rbonic  
a n h y d r a s e  13 are  a u n i q u e  c o m p o n e n t  9,10. 

Rdsumd. L a  3Syl-globuline,  p r 6 c 4 d e m m e n t  isol6e du  
p l a s m a  h u m a i n  normal ,  a fair  l ' ob j e t  d ' u n e  c o m p a r a i s o n  

i m m u n o l o g i q u e  avec  l ' a n h y d r a s e  ca rbon ique  B isol6e 
p a r t i r  d ' 6 ry th rocy te s .  L ' immuno61ec t rophor6se  en g61ose 
e t  l ' immunof luo re scence  analys6e  sur  le t i ssu  r 6 n a l  on t  
m o n t r 6  l ' i den t i t 6  i m m u n o l o g i q u e  de ces 2 prot6ines .  
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Detection and Identification of Pyridosine,  a Second 
lysis  of Heated Milk 

Recent ly ,  a new basic a m i n o  acid, found  by  ERBERS- 
DOBLER 1 in a n  acid h y d r o l y s a t e  of o v e r h e a t e d  milk .  h a s  
been  ident i f ied  b y  HEYNS 2 a n d  FINOT 3 as e-N-(2-furoyl-  
methyl ) -L- lys ine  or  ' furos ine  '~. Th i s  c o m p o u n d  X can  
also be  o b t a i n e d  b y  acid hydro lys i s  of e-N-(1-deoxy-2- 
ketose)-L-lysine (de r iva t ive  of glucose (I)a,*; d e r i v a t i v e  
of lac tose  (II) % 

A second lysine der iva t ive ,  c o m p o u n d  Y, fo rmed  
s i m u l t a n e o u s l y  w i t h  furos ine  d u r i n g  acid hydro lys i s  of 
I a n d  II, has  now been  de t ec t ed  and  iden t i f i ed  in hydro -  
lysa tes  of o v e r h e a t e d  milk.  This  c o m p o u n d  c a n n o t  be  
de t ec t ed  b y  app ly ing  t he  s t a n d a r d  cond i t ions  of chro-  
m a t o g r a p h y  (SPACKMANS), since i t  is e lu ted  far  a f t e r  
p h e n y l a l a n i n e  f rom the  ' n e u t r a l '  co lumn,  and  well  before  
lys ine  f rom the  'bas ic '  co lumn.  I t s  m i g r a t i o n  is e x t r e m e l y  
sens i t ive  to  changes  in p H ;  the  peak  can, however ,  be  
de t ec t ed  u n d e r  special  cond i t ions  (Figures 1 a n d  2). 

C o m p o u n d  Y was isola ted b y  c h r o m a t o g r a p h y  on  
Dowex  50 (form H+) as a peak  e lu ted  a f t e r  furos ine  3, and  
p r e c i p i t a t e d  w i t h  m e t h y l  e thy l  k e t o n e  f rom a m e t h a n o l i c  
so lu t ion  of t h e  dr ied c h r o m a t o g r a p h i c  f ract ion.  I t s  s t ruc-  
t u r e  was d e t e r m i n e d  b y  UV, IR ,  N M R  and  mass  spec- 
t r o m e t r y  (opera t ing  cond i t ions  as p rev ious ly  descr ibed  3) 
a n d  con f i rmed  b y  synthes is .  

The  mass  s p e c t r u m  of t he  t r i f l u o r o a c e t y l - m e t h y l  es ter  
d e r i v a t i v e  (molecular  peak  a t  m/e  364: C~sH19N~O~F+ ) 
shows t h a t  c o m p o u n d  Y possesses t h e  c a r b o n  ske le ton  
of lysine and  glucose f rom wh ich  i t  der ives  and  thi~t on ly  
1 n i t rogen  can  be  t r i f l uo roace ty l a t ed ;  t he  presence  of 
ions  a t  m/e  180, 166, 152, 138, a n d  124, o b t a i n e d  b y  
e l im ina t i on  of t he  f r a g m e n t s  (CH2)n -CH- (NH-CO-CFa) -  
CO~-CH 3 (n -- 0, 1, 2, 3, 4) reveals  t h a t  the  e -n i t rogen  
ha s  been  t r i f l uo roace ty i a t ed ;  t h e  l a s t  2 f r a g m e n t s  
( n -  3, 4) are  fo rmed  m o s t l y  b y  r e a r r a n g e m e n t  of 1 
h y d r o g e n  (m/e ~ 139, 125) or 2 hyd rogens  ( m / e -  126). 
T h e  g rea t  s t a b i l i t y  of t he  ion a t  m/e  125 ind ica tes  t h a t  
t h e  ern i t rogen belongs  to  a r ing  (C~H6NO+). T he  r ing  
h y p o t h e s i s  is cons i s t en t  w i t h  t he  I R  b a n d s  a t  1620 (s), 
1550 (s), and  870 (m) cm -1 (y-pyridone),  and  is conf i rmed  

Lysine Derivative Obtained Upon Acid Hydro-  

by  the  U V - s p e c t r u m  ( m a x i m a :  277 n m  in n e u t r a l  solu- 
t ion,  300 n m  in basic  solut ion,  246 and  275 n m  in acidic 
solut ion)  t yp i ca l  of the  3 -hydroxy-4 -pyr idone  s t ruc tu re .  
The  U V - s p e c t r u m  is s imi la r  to  t h a t  of a n a t u r a l  compound ,  
fi-(1, 4-dihydro-3-hydroxy-4-oxo- l -pyr idyl ) -a lanine ,  n a m e l y  
m i m o s i n e  or  leucenol  ( m a x i m a :  280 n m  in n e u t r a l  solu- 
t ion,  305 n m  in basic  solut ion,  a n d  272 w i t h  shou lde r  
a t  250 n m  in acidic solut ion)  i so la ted  b y  RENZ * a n d  
syn thes ized  by  ADAMS 7 and  SPENCER 8. 

The  r e m a i n i n g  s u b s t i t u e n t s  of t he  r ing  are g iven  b y  
the  N M R - s p e c t r u m  (Figure  3): s ingle ts  a t  6 (ppm) 8.16 
and  7.20 (2 n o n  coupled hydrogens) ,  and  a t  2.65 (methyl) .  
The  m e t h y l  g roup  m u s t  be e i the r  in  pos i t ion  5 or 6; 
the  more  p r o b a b l e  pos i t ion  6 ha s  been  conf i rmed  b y  
synthes is .  The  l a t t e r  has  been  pe r fo rmed  us ing  t he  
t e chn ique  of HEYNS 9, by  condens ing  =-N-formyl-L-lysine 
w i t h  the  co r r e spond ing  y -pyrone ,  a l lomal to l ,  p r e p a r e d  
accord ing  to  t3ROWNX~ t he  reference produc t ,  n a m e l y  
e-(1, 4 - d i h y d r o - 6 - m e t h y l -  3 - h y d r o x y - 4 - o x o -  1-pyr idyl ) -L-  
lysine (V), ha s  the  same  spect roscopic  b e h a v i o u r  as 
c o m p o u n d  Y. The  t r iv i a l  n a m e  pyr idos ine  is p roposed  
for th i s  new a m i n o  acid. 
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