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S e r u m  P r o t e i n s  a n d  t h e i r  C o n j u g a t e s  i n  M i c e  

Some a t t e n t i o n  has  been  d e v o t e d  in recen t  years  to  
u l t r acen t r i fuga l  and  e l ec t rophore t i c  f r ac t iona t ion  of the  
se rum l ipopro te ins  in var ious  species of an imals .  The  
m o u s e  has,  however ,  been  neg lec ted ;  th i s  seems regre t -  
table ,  as t he  gene t ic  d i f f e r en t i a t i on  of s tocks  and  s t r a in s  
and  the  s t u d y  of h e r e d i t a r y  diseases has  been  deve loped  
to  a g rea te r  degree in mice t h a n  in o t h e r  m a m m a l i a n s .  
A p re l imina ry  compar i son  was the re fo re  u n d e r t a k e n  of 
t he  blood p ro t e in  f ract ions ,  t he  s t a i n a b l e  l ipid f rac t ion  
and  the  p r o t e i n - b o u n d  c a r b o h y d r a t e  in two s tocks  of 
mice;  modi f ica t ion  of th i s  p a t t e r n  b y  ' s imple '  obes i ty  and  
by  a complex  h e r e d i t a r y  s y n d r o m e  was also s tudied ,  The  
s imple  ' r e g u l a t o r y '  obes i ty  is t h a t  due  to t he  h y p o t h a h l m i c  
lesions caused by  the  a d m i n i s t r a t i o n  of a dose of 1 mg/g  
body  weigh t  of gold th ioglucose  ta. The  me tabo l i c  obes i ty  
is t he  recess ively  i nhe r i t ed  obese  hype rg lycemic  synd rome ,  
a cond i t ion  cha rac t e r i zed  b y  ad ipos i ty ,  hype rg lycemia ,  
hypercho les te ro lemia ,  s ens i t i v i ty  to  g r o w t h  hormone ,  a n d  
res i s tance  to  insul in,  h y p e r p l a s i a  of t he  islets of I . anger -  
h a n s  w i t h  increased  p a n c r e a t i c  a n d  c i r cu la t ing  insu l in  
and  a v a r i e t y  of o t h e r  endocr ine ,  e n z y m a t i c ,  and  b e h a v -  
ioral id iosyncras ies  ta. 

The  p rocedures  used were as  follows: 

P a p e r  e lec t rophores is  was  car r ied  ou t  b y  the  ho r i zon ta l  
open  s t r ip  m e t h o d  r epo r t ed  b y  MOINAT and  TULLI,;R 4. The  
p a p e r  s t r ips  (s a n d  S 2043 Agl) were s t a i ned  for t he  s e r u m  
p ro t e in  moiet ies  w i th  Amido  Black  10B a n d  t he  excess  
dye  r e m o v e d  wi th  a pheno l -ace t i c  acid wash  as r epo r t ed  
by  GRASSMANN and  HANNIG 5. S t a i n a b l e  l ipides  (lipkle 
moiet ies  a t t a c h e d  to  pro te in)  were s t a i ned  w i th  S u d a n  
Black  B b y  t he  p rocedure  descr ibed  b y  MOINAT, APPEL, 
and  TULLER s, while  p r o t e i n - b o u n d  c a r b o h y d r a t e s  were 
s t a ined  accord ing  to a per iodic  ac id-Schi f f  m e t h o d  s imi la r  
to  t h a t  of KmwT. Areas  co r r e spond ing  to  t he  u p t a k e  of 
the  var ious  dyes  were d e t e r m i n e d  wi th  the  aid of a Spinco 
Ana ly t ro l  (Model 301-RA) us ing  a b lue  fi l ter  for measur -  
ing t he  up take ,  or  abso rbance ,  of t he  Amido  Black  10B 
and  of t he  S u d a n  Black  B. A red  f i l te r  (620 mix) was found  
to  be bes t  for p r o t e i n - b o u n d  c a r b o h y d r a t e  m e a s u r e m e n t s .  
B o t h  areas  a n d  re la t ive  pe rcen t ages  were de t e rmined .  

Blood samples  were o b t a i n e d  a t  a b o u t  t h r e e  a n d  were 
pooled f rom 6 an ima l s  for each  analysis .  The  se rum w a s  
sepa ra t ed  and  the  e l ec t rophore t i c  reso lu t ions  car r ied  ou t  
t h a t  same  n ight .  D a t a  were also o b t a i n e d  on  t he  effects  
of  a g i n g  of  s o m e  s a m p l e s  o f  s era  a n d  o n  u l t r acen t r i fuga l  
separa t ions .  These  resu l t s  will be r epo r t ed  e l s e w h e r e  s as  
por t ions  of a larger  me thodo log ica l  s tudy .  The  sizes of 
sample ,  appl ied  to  t he  p a p e r  were 0.005 ml  for p ro t e in s  
and  0.04 ml for the  s t a inab l e  l ipides a n d  t he  p ro te in -  
b o u n d  ca rbohydra t e s .  

D a t a  on  se rum pro te in  f rac t ions  in mice are  g iven  in 
Tab le  I. Typica l  va lues  for the  r a t  a n d  m a n  are g iven  for 
c o m p a r a t i v e  purposes .  I t  is readi ly  seen t h a t  mice h a v e  
a s e rum pro te in  p a t t e r n  i n t e r m e d i a r y  be tween  t h a t  of tile 
r a t  and  t h a t  of man .  An unusua l ly  s h a r p  fl-globulin b a n d  
is obse rved  in all g roups  of mice. The  sha rpnes s  mad (lense- 

t j ,  MAYER, Z. Vitaminforsch., in press. 
N. B. MARSHALL, R . J .  I{ARRNETT, alld J.  MAYI':R, I)nX ". SoC. 

exp. Biol. Med. 9o, 2.l()(1955). 
a j .  M.¢YER, Nutr. Abstr. Rev. 25, 5:)7, 871 (I'.)55). 
4 p. G. ,~IOINAT, alld E. l;. "FULLER, Analyt .  Chem, 29, 11155 (11157). 
& W. GRASSMANN and K. llANNI(;, Naturwiss .  2t, .1911 11950). 
6 p. G. MOINAT, V¢. APPEL, alld 1';. F. TUI.LER, Clin. Ch(,lll., ill 

press. 
F. K o l w  and A. GR{JNVCALL, Scand.  J .  olin. Lab.  | nves t .  4, '21.t 

( l ~52). 
8 F-. F. TULLER, to be published.  

Table I 

Relative percentages of sermn pr(lt('in fractions iil .| groups of nlice 

"['Yl)es (if Aninufls 

Thin l . i t termates  . . 
Obese t typerglycemic 
Thin Swiss 
Goldthioglucose-obese 

Swiss 
Rats 
Man 

All)u- 
inin 

40  
• 46 

411 

41 
49 
58 

Gh)bulins 

~tl cc'2 /5 7 

8 14 23 15 
8 15 21 10 
7 14 19 15 

I0 16 22 I0 
11 q 2 l  10 

5 8 12 17 

Colnpatwnts 1,xpresscd as percentages of total plal l i l l l t ' ter  areas,  

ness  of th i s  b a n d  are  c o m p a r a b l e  to  t h a t  seen in t h e  r a t  
a l t h o u g h  tile re la t ive  mobi l i t i es  m a y  differ. In  mice,  t h e  
genera l  a p p e a r a n c e  of the  fl-glolmlin b a n d  as well as t h a t  
of t i le ~2-globulin was f i rs t  t a k e n  as an  i n d i c a t i o n  t h a t  
b o t h  m i g h t  be  f u r t h e r  resolved in to  two  b a n d s  each .  
However ,  c h a n g i n g  cond i t ions  such  as d u r a t i o n  of e lec t ro-  
phoresis ,  vol tage ,  an d  ionic s t r e n g t h  of buf fe r  d id  n o t  
p roduce  b e t t e r  r e so lu t ion  in to  subf rac t ions .  A l t h o u g h  t h e  
fl-globulin fr~mtion a p p e a r e d  s imi la r  to  those  seen in t h e  
r a t  in a p p e a r a n c e  a n d  q u a n t i t y ,  t he  ~ -  a n d  ~2-globulin 
c o m p o n e n t s  were more  c o m p a r a b l e  to  the  h u m a n :  t h e  
%-globul in  c o m p o n e n t  was h eav i e r  t h a n  t h e  a t - c o m p o n e n t .  
The  a l b u m i n  an d  the  v-globulin f rac t ions  are  sma l l e r  in 
t o t a l  p ropo r t i on  t h a n  in man .  

T a b l e  I also shows t h a t  v-globulin w d u e s  are  lower  in 
b o t h  t h e  obese -hype rg lycemic  mice a n d  t h e  go ld th io -  
glucose h y p o t h a l a m i c  mice t h a n  in t he i r  r e spec t ive  lean  
l i t t e rma tes .  

Blood lipoprotein path,rns in -1 groups of mice 
Readin~ from top to bottom: 

a Thin litt(,rnmtes of b; 
b Obese hYl)(,rglyc('nfic mice; 
c Thin swiss; 
d (;ohlthi(~glm'¢>s(, ol)est. ~wiss. 
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Table I I  
Total blood lipids, blood cholesterol and total area lipoprotein in 

4 groups of mice 

Types of Animales 
Total Lipids 
(mg]100 ml) 

Thin Li t termates  . 632 -t- 148 
Obese Hyperglycemic 955 4- 239 
Thin  Swiss 872 4- 71 
Goldthioglucose Swiss 1214 4- 55 

TotalArca Blood 
Cholesterol Lipo- 

protein 
(mg] 100 ml) (cm2) 

116 4- 10 
170 5 :24  
112 4- 41 
125 -t- 24 

130 
240 
145 
340 

D u p l i c a t e  s t r ips  were  s t a i ned  w i t h  S u d a n  B l a c k  ]3 to  
loca te  t h e  lipides. T a b l e  I I  gives d a t a  on  t o t a l  l ipids,  s t a i n -  
able  l ipides  a n d  cho les te ro l  in  t h e  b lood  of these  d i f fe ren t  
groups .  M e t h o d s  a n d  d a t a  on  t o t a l  l ip ids  a n d  choles te ro l  
h a v e  been  p u b l i s h e d  9,1°. T he  d i s t r i b u t i o n  of t he  l ipides  
(Figure)  is s imi la r  to  t h a t  of t h e  r a t :  l ip ide  m a t e r i a l s  a re  
f o u n d  t h r o u g h o u t  t he  comple t e  s e r u m  p r o t e i n  p a t t e r n .  
T h e  p i c tu re  is t h u s  in  c o n t r a s t  to  t h e  s h a r p  ~- a n d  r - p e a k s  
seen in  s t r ips  f rom h u m a n  sera.  T h e r e  are  aga in  differ-  
ences  b e t w e e n  g roups  of mice.  T he  s t r ips  f rom t he  s e r u m  
of the  t h i n  t i t t e r m a t e s  of obes e - hype r g l ycem i c  mice  show-  
ed l i t t le  l ipide in  the  a l b u m i n  region b u t  3 r a t h e r  d i s t i nc t  
b a n d s  in t h e  g lobu l in  a r ea ;  2 in  t h e  r - r eg ion  a n d  1 in  t i le  
e-2. The  s t r ips  f rom the  swiss mice  showed  h e a v y  l ipid 
s t a i n i n g  in t h e  a l b u m i n  reg ion  w i t h  l igh t  b a n d s  in t h e  
r -  a n d  ~ 2-globul in  regions.  S t r ips  f rom b o t h  t y p e s  of 
obese  mice  showed  m u c h  h e a v i e r  l ip ide  s t a i n i n g  t h a n  d id  
s t r ips  f rom t h i n  mice. The  a l b u m i n  f r ac t i on  was pa r t i cu -  
l a r ly  h e a v y  in  t h e  obese  h y p e r g l y c e m i c  mice,  s o m e w h a t  
l i gh t e r  a n d  more  mobi le  in t he  go ld th iog lucose  obese  mice. 
No d i s t i n c t  b a n d s  were  obse rved  in t h e  r - o r  ~-region for 
e i t h e r  t y p e  obese  mice.  

I n  s u m m a r y ,  e lec t rophores i s  revea ls  wel l -def ined p a t -  
t e rn s  of b lood  p r o t e i n  a n d  b lood  l ipids in  mice ;  these  are 
in  m a n y  ways  i n t e r m e d i a r y  in a p p e a r a n c e  b e t w e e n  p a t -  
t e rn s  o b t a i n e d  for r a t s  a n d  p a t t e r n s  o b t a i n e d  for  m a n .  
The re  are s t r a i n  di f ferences  a n d  also d i f ferences  b e t w e e n  
obese  mice  a n d  non -obese  nfice. T h e  l a t t e r  a p p e a r  to  be  
non-speci f ic  for  t h e  t y p e  of obese  s y n d r o m e ,  di f ferences  
due  to  t h e  increase  in  f a t  t r a n s p o r t  in  obese  a n i m a l s  over-  
s h a d o w  specific d i f ferences  such  as t he  hype rcho le s t e ro l -  
e m i a  of obese -hype rg lycemic  mice  c o n t r a s t e d  to  t h e  nor -  
rea l  choles te ro l  of go ld th iog lucose  mice  L 
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Rdsumd 

L'd lec t rophor~se  sur  p a p i e r  p e r m e t  u n  f r a c t i o n n e m e n t  
des pro t6 ines  e t  des l ipides  du  s ang  chez  les souris.  L a  
d i s t r i bu t i on  des d iverses  f r ac t ions  es t  i n t e r m 6 d i a i r e  e n t r e  
celle du  r a t  e t  celle de l ' h o m m e .  I1 ex is te  des  di f f6rences  
en t r e  diverses  souches  de souris,  a ins i  q u ' e n t r e  souris  
ob6ses e t  n o n  ob6ses. Les  m d t h o d e s  employdes  ici, quo i que  
fa i san t  ressor t i r  les anomal i se s  a c c o m p a g n a n t  l 'obdsi t6,  
ne  p e r m e t t e n t  pas  de  di f f6rencier  e n t r e  les d ive r s  t y p e s  
d 'ob6si t6s.  
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The Photoelectric Theory of Photosynthesis 
IV. The Chromophore Area of Chlorophyll 

The Photoelectric Theory o/ Photosynthesis. I t  h a s  been 
p o s t u l a t e d  b y  t h e  a u t h o r  in  t h e  p h o t o e l e c t r i c  (or pho to -  
conduc t ive )  t h e o r y  t of p h o t o s y n t h e s i s ,  t h a t  l igh t -ac t i -  
v a t e d  ch lo rophy l l  t r ans f e r s  e lec t rons  to  a n  a p p r o p r i a t e  
o x i d a n t  and  r emoves  e lec t rons  f rom water .  I t  was  po in t ed  
o u t  t h a t  t h e  p r i m a r y  process  of p h o t o s y n t h e s i s  m a y  t h u s  
be  v iewed  as a flow ot e lec t rons  a c t i v a t e d  b y  l ight ,  w i th  
t he  ch lo rophy l l  f u n c t i o n i n g  as  a so r t  of c o n d u c t i n g  br idge  
b e t w e e n  two  ha l f  cells, in  one  of w h i c h  a w a t e r  molecule  
is ox id ized  b y  loss ot two  e lec t rons  (H20 --> 2 e -  + 2 H +  + 
1/2 03) , a n d  in t he  o t h e r  a n  o x i d a n t  S , i n t i m a t e l y  associ- 
a t ed  w i t h  t h e  ch lo rophyU in  t h e  ch lorop las t ,  is r educed  
b y  ga in ing  two  e lec t rons .  S t a t e d  in a n  a l t e r n a t i v e  way,  
a s t r e a m  of p h o t o n s  s t r ikes  t he  solid ch lo rophy l l  phase  
a n d  c rea tes  a s t r e a m  of c o n d u c t i o n  e lec t rons  w h i c h  reduce  
t h e  ox idan t .  The  e lec t ron  holes  lef t  in  t he  ch lo rophy l l  
p h a s e  are  c o n s t a n t l y  e r a d i c a t e d  b y  e l ec t rons  f lowing I rom 
w a t e r  to  t he  ch lo rophy l l  3. 

Th i s  t h e o r y  h a s  p r o v e d  useful  in  e x p l a i n i n g  c e r t a i n  ex-  
p e r i m e n t a l  resul ts ,  such  as,  for example ,  t h e  r e c e n t l y  ob-  
se rved  q u e n c h i n g  of ch lo rophy l l  f luorescence  b y  t r i p h e n y l  
t e t r a z o l i u m  chlor ide  in t h e  p resence  of h y d r a z i n O .  Here  
t h e  o rgan ic  ch lor ide  ac t s  as t he  e l ec t ron  accep to r  a n d  
h y d r a z i n e  replaces  w a t e r  as e lec t ron  donor .  T h e  p h o t o -  
c o n d u c t i v e  t h e o r y  ha s  r e c e n t l y  b e e n  p l aced  on  a m u c h  
s t r o n g e r  e x p e r i m e n t a l  bas is  b y  m e a s u r e m e n t s  o n  t h e  elec- 
t r o n  sp in  r e s o n a n c e  of p h o t o a c t i v a t e d  ch lo rophy l l  b y  
COMMONER, HEISE, a n d  TOVCNSEND 5. 

Electronic Spectrum o/ Mg in Chlorophyll. I t  h a s  been  
d e m o n s t r a t e d  b y  t h e  a u t h o r  6 t h a t  t h e r e  is a n  e x t r e m e l y  
close co r r e spondence  of t h e  ch lo rophy l l  a b s o r p t i o n  b a n d s  
w i t h  t h e  emiss ion  l ines of e lec t ron ica l ly  exc i t ed  s t a t e s  of 
t h e  Mg ° a t o m  a n d  t he  Mg + ion in  t h e  vis ible  a n d  nea r  
u l t r a v i o l e t  reg ions  of t h e  s p e c t r u m .  Tab le s  I a n d  I I  show 
these  compar i sons .  

These  spec t roscop ic  cons ide ra t ions  p rov ide  exce l len t  
ev idence  t h a t  t h e  a c t u a l  s i te  of in i t ia l  e l ec t ron  loss b y  the  
ch lo rophy l l  molecule  is a t  t he  Mg atom. Such  e lec t ron  loss 
would  r e su l t  in  t he  i n t e r m e d i a t e  c o n v e r s i o n  of the  chloro-  
phy l l  molecule  to  a pos i t i ve ly  cha rged  rad ica l - ion  repre-  
s en t i ng  a n  ox id ized  ch lo rophy l l  species :  

hv 
C h l - M g  ° 1, Ch l - -Mg++e  -. (1) 

I n  a d d i t i o n  to  t h i s  direct photoelectric process, t h e  follow- 
ing e q u a t i o n s  r e p r e s e n t i n g  t h e  p h o t o s y n t h e t i c  m e c h a n i s m  
were p roposed  (Ox r e p r e s e n t s  t he  e l ec t ron  accep to r ) :  

hv 
Chl - Mg ° ~ C h l -  Mg* (2) 

C h l -  Mg* + Ox ). C h l -  Mg++ Ox - (3) 

C h l -  Mg* + Ox-  ~ ChI - Mg + + Ox = (4) 

2 Chl - -Mg++ H~O ~ 2 C h l -  Mg°+2  H + +  1/2 0 2 (5) 

hv 
Chl - Mg + 1. C h l -  Mg +* (6) 

(7) 
(S) 

Chl - Mg +* + Ox - +  Chl - Mg ++ + Ox-  

Chl_Mg+++H~O --~ Cht_Mg°+2 H + + 1 / 2  0 2 
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