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comple t e ly  inh ib i t ed  G 6 P D  ac t iv i ty .  B y  e x t r a p o l a t i o n  i t  
could be d e t e r m i n e d  t h a t  50% inh ib i t ion  of G 6 P D  a n d  
acid p h o s p h a t a s e  occur red  a t  f inal  c o n c e n t r a t i o n s  of 
approximi~te ly  4 • 1 0 - 5 M  a n d  10-2M, respect ive ly .  T h e  
va lue  for ha l f  i nh ib i t i on  Of G 6 P D  was  s imi la r  to t h a t  
r epo r t ed  for a c o m m e r c i a l  e n z y m e  p r e p a r a t i o n  43. 

Table II, Effect of TPB on reactions of cytoplasmic enzymes 

TPB added G6PD Acid phosphatase . 
(M) Z] A/340 nm % Activity z] A/410 nm % Activity 

10 ~ 
5 • 10 -3 
3 • 10 -3 
2 x 10 -3 0.000 0 

10 -3 0.006 5 
5 • 10 -4 0.012 9 
3 • 10 4 0.028 21 
2 • 10 .4 0.030 23 

1.5 x 10 -4 0.044 33 
10 -4 0.090 68 

5 • 10 -5 0.122 92 
10 5 0.130 99 

None 0.132 100 

0.016 4 
0.040 10 
0.064 16 
0.228 56 
0.364 90 
0.392 97 
0.403 100 

0.404 100 

A membrane-free 1: 20 aqueous lysate was prepared from a 50% sus- 
pension of thrice-washed erythroeytes. For G6PD, 1.0 ml of aqueous 
TPB solutions were added to replicate cuvettes containing 1.0 ml of 
0.19M tris buffer, pH 8.0; 0.1 ml of 0.3M MgC12; 0.4 nfl of water; 
0.2 ml of 0.002 M TPN and 0.2 ml of lysate. Reaction was started im- 
mediately by adding 0.1 ml of 0.02 M glueose-6-phosphate and chan- 
ges in absorbance at 25 ~ were recorded at 1 rain intervals. ~4 A in- 
dicated corresponds to 5 min. For acid phosphates, 1 ml of TPB in 
0.1 M acetate buffer, pH 5.0, was added to 0.5 ml of lysate, followed 
by 1.0 ml of 0.016M p-nitrophenyl phosphate. Slight precipitation 
was noted with the two highest concentrations of TPB. The reaction 
was stopped with 10% trichloroacetie acid and absorbance was deter- 
mined at 410 nm in supernatants alkalinized with 0.25 M NaOH. 

T h e  foregoing  e x p e r i m e n t a l  resu l t s  d e m o n s t r a t e  t h a t  
t h a t  t he  i n t e r ac t i on  of T P B  w i t h  h u m a n  e r y t h r o c y t e s  is 
no t  l imi t ed  to  t he  cell m e m b r a n e .  The se  f ind ings  are in 
c o n t r a s t  to  t he  effects  of p ro teases  14, t a n n i c  acid10 a n d  
c e p h a l o t h i n  15 w h ic h  read i ly  conve r t  n o r m a l  e r y t h r o c y t e s  
in to  A C H E - d e f i c i e n t  ceils w i t h o u t  a f fec t ing  the  a c t i v i t y  
of in t r ace l lu la r ly - loca ted  e nz yme s .  T h e  obse rva t ion  t h a t  
G 6 P D  a c t i v i t y  is d i m i n i s h e d  w h e n  i n t a c t  ceils are exposed  
to T P B  lends  s u p p o r t  to  t he  concep t  t h a t  t h i s  a g e n t  
t r a ve r s e s  biological  m e m b r a n e s  and  w ou ld  exp la in  t h e  
loss of a c t i v i t y  of in t race l lu la r  e n z y m e s  a nd  of o the r  
me t a bo l i c  cha rac te r i s t i c s  descr ibed  for T P B - d i s s o c i a t e d  
ceils 1% 

Resumen. E1 t r a t a m i e n t o  de gldbulos  rojos h u m a n o s  
con  concen t rac iones  no -hemol i t i c a s  de boro te t r a fen i lo  
c a usa  u n a  reducc i6n  i r revers ib le  en las ac t iv idades  de la 
g lucosa-6- fosfa to  deh id rogenasa ,  u n a  e n z i m a  c i toplasmA- 
t ica  y de la ace t i lcol ines terasa ,  u b i c a d a  en la superf ic ie  
e x t e r n a  de la m e m b r a n a  er i t roci tar ia .  E1 t r a t a m i e n t o  casi  
no t iene  efecto a lguno  s0bre  la fo s f a t a sa  5cida. 
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B i o c h e m i c a l  and  I m m u n o l o g i c a l  C o m p a r i s o n  of  

T h e  p o l y m o r p h i s m  of t r ans fe r r ins ,  the  i ron -b ind ing  
g lobul ine  of blood se rum,  h a s  been  i n v e s t i g a t e d  for m a n y  
d i f fe ren t  a n i m a l  species.  Six h o m o z y g o u s  p h e n o t y p e s  
h a v e  been  obse rved  in horse  s e r u m  by  s t a r ch  gel electro-  
phores i s :  3 fas t  m i g r a t i n g  p h e n o t y p e s  (Tf D/D, Tt F / F  
a n d  TI H /H) ,  an d  3 slow m i g r a t i n g  ones (Tf M/M, Tf  O/O 
and  TI R /R)  1. Three  m i g r a t i n g  b a n d s  con t a in ing  d i f fe ren t  
a m o u n t s  of p ro t e in  of iden t ica l  s e d i m e n t a t i o n  coeff ic ient  
h a v e  been  fo u n d  for each  pheno type2 .  

Experimental. T h e  s a m p l e s  of horse  s e r u m  were ob ta in -  
ed f ro m  p a t i e n t s  of t h e  v e t e r i n a r y  hosp i t a l  in  Berne.  T h e  
d i f fe ren t  p h e n o t y p e s  were p repa red  by  gel f i l t r a t ion  a nd  
i on -exch an g e  c h r o m a t o g r a p h y  a. A m i n o  acids  ana ly se s  of 
p h e n o t y p e s  Tf  D / D  a n d  Tt  R / R  were carr ied ou t  b y  t he  
m e t h o d  of SPACKMAN et  al. 4, in a B e c k m a n  Spinco ana -  
lyzer.  Th e  acid h y d r o l y s i s  was  carr ied  ou t  for 24, 48 a n d  
72 h in 6 N HC1 in e v a c u a t e d  sealed tubes .  

For  t h e  an a ly se s  of t r y p t i c  d iges t  a n d  pep t ide  maps ,  t he  
p h e n o t y p e s  Tf  D/D, Tf  F / F  a n d  Tf  R / R  were t r e a t e d  
accord ing  to HARRIS et  al. 5. T h e  t r y p t i c  digests ,  t h e  
e lec t rophores i s  a n d  t h e  c h r o m a t o g r a p h i e s  were carr ied  
ou t  b y  t h e  m e t h o d  of ]~PPENBERGER et  a1.% An t ibod ie s  to  
t he  pur i f ied  p h e n o t y p e s  TI  D/D,  Tf  F / F  and  Tf  R / R  were  
p r epa red  in r a b b i t s  ~. The  micro  c o m p l e m e n t  f i xa t i on  
ana ly se s  were p e r f o r m e d  accord ing  to the  desc r ip t ion  of 
LEVlNE et  aid.  

P h e n o t y p e s  of H o r s e  S e r u m  T r a n s f e r r i n s  

Results. The  a m i n o  acids  c o m p o s i t i o n  of the  p h e n o t y p e s  
Tf  D / D  a nd  TI R/ R  are s h o w n  in the  Table ,  B o t h  pheno-  
t y p e s  h a v e  a l m o s t  iden t i ca l  c ompos i t i ons  as far  as t he  
n e u t r a l  a m i n o  acids  are concerned.  I t  is i n t e re s t ing  to  
no te  t h a t  t he re  are more  acidic res idues  in the  p h e n o t y p e  
T f  D /D  t h a n  in Tf  R / R  a n d  more  bas ic  res idues  in t he  
p h e n o t y p e  Tf  R / R  t h a n  in Tf  D/D.  The se  resu l t s  are in 
acco rdance  w i th  t he  e l e c t r o p h e r o g r a m s  which  Show a 
g rea te r  e lec t rophore t ic  m o b i l i t y  for Tf  D/D t h a n  for 
TI R / R .  These  re su l t s  c on f i rm  our  ear ly  a s s u m p t i o n  t h a t  
t he  d i f fe ren t  p h e n o t y p e s  are  due  to  sma l l  d i f ferences  of 
t he  global  electric charge  of t he  molecules2.  

The  t r ac ing  of t he  acidic, bas ic  a n d  ne u t r a l  pe p t i de  
m a p s  are show n  in t he  F igu re  1. The  acidic f i nge rp r in t ings  

1 M. BRAEND and C. STORMONT, Nord. VetMed. 76, 31 (1964). 
2 A. BAER, V.M.D. Thesis, Berne (1968). 
8 A. BAER, Experientia 25, 28 (1969). 
4 D. H .  SPACKMAN, W. H.  STRIN a n d  S. MOORE, Analyt. Chem. 30, 

1190 (1958). 
5 j ,  I. HARRIS and R. N. POHAN, J. molee. Biol. 13, 878 (1965). 
6 H.  M. EPPENBERGRR, D. M.  DAWSON a n d  N. O. KAPLAN, J. biol.  

Chem. 2Ll2, 204 (1967). 
L. LEvziE and H. vAN VuNAxls, Methods in Enzymology (Academie 
Press, New York 1967), vo[. 11, p. 928. 
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Anfino acid composition of different types of transferrin 

Amino acid Horse Rabbit �9 
residue 

Tf DID Tf R/R 

Human b 

Lysine 56 61 45 60 
Histidine 23 23 17 20 
Arginine 32 34 29 27 
Aspartie acid 79 76 74 80 
Threonine 36 35 29 27 
Serine 42 43 59 39 
Glutanfie acid 81 75 69 63 
Proline 37 39 62 31 
Glycine 51 57 53 48 
Alanine 63 64 49 56 
Half Cystine 33 34 28 39 
Valine 51 49 47 43 
Methionine 5 6 6 8 
Isoleueine 20 19 18 15 
Leucine 61 58 58 59 
Tyrosine 27 28 25 22 
Phenylalanine 27 28 26 28 

The results are expressed as the number of amino acid residues per 
molecule (molecular weight 80.000). aW. WEEN and J. WILLIAMS, J. 
Bioehem. 108, 69 (1968). bH. G. VAN AYK and B. LEIJNSE, Biochim. 
biophys. Aeta 160, 126 (1968). 
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Fig. 1. Tracing of the neutral, basic and acidic peptide maps of the 
homozygous phenotypes Tf D/D, Tf F/F and Tf R/R. The neutral 
fingerprintings of each phenotype have been superimposed to match 
up the peptides. The same process has been used to compare the basic 
and the acidic peptides. The hatched spot of the tracing of the neutral 
and the basic peptides is present in the phenotype Tf R/R only. Both 
hatched spots in the upper part of the tracing of the acidic peptides 
are present in the phenotype Tf D/D only. The lowest hatched spot 
of the same tracing is missing from the phenotype Tf D/D; the 2 
other hatched spots (middle of the tracing) are present in the phe- 
notype Tf R/R only. 

of the  p h e n o t y p e s  Tf D/D, Tf F / F  and  Tf R / R  have  been 
super imposed  to m a t c h  up the  pept ides .  The same process 
has been  used in order  to  compare  the  basic and  the  
neu t ra l  pept ides .  The differences which  appear  be tween  
the  3 p h e n o t y p e s  are ve ry  small.  The f ingerpr in t ings  of 
the  basic and  neu t ra l  pep t ides  of Tf D/D and Tf F / F  are 
identical .  Tf R / R  shows one c o m m o n  acidic pep t ide  wi th  
Tf  F / F  which  is miss ing f rom Tf D/D, Tf R / R  and  Tf D/D 
each have  2 more  acidic pep t ides  t h a n  Tf F / F  has, and  
these  pep t ides  are d i f fe rent  f rom each other.  The to ta l  
n u m b e r  of pep t ide  spots  is no t  in ve ry  good ag reemen t  
w i th  the  n u m b e r  of lysine and  arginine residues de te rmin-  
ed by  the  amino  acids analyses  (Table). As there  are less 
pep t ides  t h a n  would have  been expected ,  one has to  admi t  
the  presence  of more  smal l  pep t ides  in some big spots  t h a t  
have  no t  been  sepa ra ted  by  the  so lvents  used for the  
e lect rophores is  and the  ch roma tog raphy .  

If the  horse  t ransfer r in  molecules  would con ta in  2 
ident ical  subuni ts ,  the  n u m b e r  of pep t ides  would be abou t  
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Fig. 2. Immunological cross reactivity of the phenotypes Tf R/R, Tf 
D/D and Tf D/F with an antiserum against Tf R/R, measured by the 
technique of the micro complement-fixation. 

half  ot w h a t  has been found. The results  of the  finger- 
p r in t ings  suggest  s t rongly  t h a t  these  serum prote in  
molecules are no t  polymers .  

The immunologica l  cross r eac t iv i ty  of the  p h e n o t y p e s  
Tf R/R,  Tf D/D and Tf D/F, wi th  an an t i se rum agains t  
TI R / R  is shown in Figure 2. Bo th  heterologous pheno-  
t ypes  p re sen t  an a lmost  ident ical  reac t ion;  t h a t  suggests  
t h a t  Tf D/D and Tf F / F  are s t rongly  s imilar  ant igens.  On 
the  contrary ,  the  differences observed wi th  the  homolo-  
gous p h e n o t y p e  and b o t h  heterologous p h e n o t y p e s  is 
very  well p ronounced .  

These resu l t s  show t h a t  the  s t ruc tura l  differences be- 
tween  the  p h e n o t y p e s  Tf D/D and  Tf F / F  are ex t r eme ly  
smal l  bu t  are much  more  i m p o r t a n t  be tween  Tf D/D and 
Tf R / R  t h a n  be tween  o ther  pheno types .  The results  
ob ta ined  suggest  t h a t  a p h e n o t y p e  is d i f fe ren t  f rom 
ano the r  by  some amino  acid subs t i tu t ions  or delet ions 
only, because if there  were larger s t ruc tura l  modif ica t ions  
there  would be cor respondingly  larger immunologica l  
differences as revealed by  the  ve ry  sensi t ive m e t h o d  of 
mic ro -complemen t  f ixat ion.  

These genet ic  modif ica t ions  are re la t ively  ve ry  small  
for a molecule of abou t  720 residues ordered mos t  p ro b ab l y  
in a single po lypep t ide  chain, and  t h e y  did no t  a l ter  the  
biological func t ion  8. 

Rdsumd. Diff6rents  ph6no types  homozygotes  des t rans-  
ferrines du s6rum 6quin on t  6t6 compar6s pa r  analyses  
de leurs caract6r is t iques  b ioch imiqnes  e t  immunologiques .  
Les compos i t ions  en acides amin6s des diff6rents  ph6no- 
t ypes  sont  tr~s voisines;  les diff6rences immunolog iques  
d6termin6es par  la micro- f ixa t ion  du compl6men t  sont  
plus prononc6es.  
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