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Mechanismus  erniedr ig t  4,1~,15. "vVenn jedoch nach  einer 
S t rah lenbe las tung  der Gehal t  dieser Verb indungen  ab- 
sinkt,  wie es in der  Figur  gezeigt  ist, d a n n i s t  der <~feed 
back>> zur Regula t ion  der  Acety l -CoA-Carboxylase  teil- 
weise aufgehoben.  D a m i t  w~ren aber  im Hinbl ick  auf 
den H e m m s t o f f  die Vorausse tzungen  ffir eine e rh6hte  
Fe t t s s  gegeben. Es  sei darauf  hingewiesen,  
dass ein enger zeit l icher Z u s a m m e n h a n g  be s t eh t  zwischen 
dem Abfall  der  Fe t t s~ure -CoA-Verb indungen  und  einem 
erh6h ten  F e t t g e h a l t  in der Leber  bes t rah l te r ,  hunge rnde r  
M~use. 

Man darf  annehmen ,  dass sich die Konzen t ra t ions -  
~Lnderungen der Fetts~Lure-CoA-Verbindungen nach  der  
S t rah lene inwi rkung  auch auf die Akt ivi tXten der  beiden 
anderen  eingangs e rw~hnten  E n z y m e  in Xhnlicher Weise 
auswirken ~6. 

Surnmary. The con ten t s  of f a t t y  acid CoA der iva t ives  
were measured  in mouse  l iver af ter  who le -body  X- 
i r radia t ion  wi th  690 R. Whi le  the  con ten t s  are a lmos t  
unchanged  in fed mice, a decrease occurs in 24 h s t a rved  
mice af ter  the  i r radiat ion.  The results  are discussed wi th  
respect  to f a t t y  acid synthes is .  
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Studies  on P h y t o h e m a g g l u t i n i n s  II .  P h y t o h e m a g g l u t i n i n s  of Pisum s a t i v um  L. and Lens esculenta 
Moench:  Spec i f ic  I n terac t ion s  w i t h  C arb oh ydra te s  

The specific in te rac t ion  of concanava l in  A, the phy to -  
hemagglu t in in  of Canavalia ensiformis L., wi th  some poly-  
sacchar ides  has been  known  for several  yearsX, 2 and  
s tudied  by  some workers  in detailS-% Recent ly ,  ASPBERG 
et ald r epor ted  t h a t  the  non-specif ic  p h y t o h e m a g g l u t i n i n  
of Vicia cracca exhib i ted  some similar proper t ies .  In  our 
work  dealing wi th  isolation and  charac te r iza t ion  of phy to -  
hemagglu t in ins  of leguminous  plants ,  we have  found t h a t  
subs tances  wi th  hemagg lu t ina t ing  act iv i ty ,  con ta ined  in 
seeds of the  pea  (Pisum sativum L., vat .  Pyram)  and the  
lentil  (Lens esculenta Moench.,  var,  t t rotovickA),  precipi-  
t a t e  some polysacchar ides  and  are s t rongly  adsorbed  to 
the  Sephadex  matr ix .  We have  also found  t h a t  mono-  
saccharides and  oligosaccharides,  which inhibi t  the  hemag-  
g lu t ina t ing  ac t iv i ty  of these  phy tohemagg lu t in ins ,  like- 
wise influence the i r  ra te  of flow by  electrophoresis  on 
s ta rch  gel. As a rule, the  inh ib i tory  power  of these  sugars 
is d i rec t ly  p ropor t iona l  to t he  accelerat ion they  im p a r t  to 
phy tohemagg lu t i n in s  when  appl ied wi th  t h e m  in solut ion 
to  the  s ta rch  gel. 

The isolat ion of the  crude p h y t o h e m a g g l u t i n i n  was 
carried out  as descr ibed by  LIENER s up to the  a m m o n i u m  
su lpha te  f rac t ionat ion.  For  fu r ther  pur i f ica t ion  adsorp-  
t ion on Sephadex  G-200 was used in a s imple procedure  
which will be  descr ibed in detai l  later.  Desorp t ion  was 
effected wi th  ei ther  HC1 grad ien t  or glycine-HC1 buffer  
p H  2.0. As shown in Figure 1, the  capac i ty  of d i f ferent  
Sephadex  types  decreases in the  order  G-200 > G-100 > 
G-50 > G-25. The a m o u n t  of p ro te in  mix tu re  used in this  
expe r imen t  cor responds  app rox ima te ly  to the  capac i ty  of 
the  Sephadex  G-200 column of given size so t h a t  p a r t  of 
the  act ive subs tance  appears  in the  normal  saline eluate 
f rom G-100 and  G-50 columns (Figure 1B, C). 

H o m o g e n e i t y  of t he  isolated phy tohemagg lu t i n in s  was 
checked by  ver t ica l  s ta rch  gel e lect rophoresis  according 
to  SMITHIES 9. In  shor t  runs  (3 h), agglut inins  appeared  as 
1 homogeneous  band,  bu t  on pro longed elect rophoresis  
(7-8 h), these  bands  could be resolved in to  2 d i s t inc t  
f ract ions (Figure 2). W h e n  elect rophoresis  was run on 
gels p repared  in 0 .03M ace ta te  buffer  p H  5.0 (using 0 .1M 
buffer  of the  same p H  as the  br idge solution) ~0, agglut inins  
of bo th  the  pea  and  the  lenti l  invar iab ly  showed only  
1 band,  even on prolonged runs.  The main  difference in 
the  e lec t rophore t ic  behav iour  of p h y t o h e m a g g l u t i n i n s  of 

these  2 species resides in the  direct ion of the i r  migra t ion  
in bora te  buffer.  "While pea agglut inins  migra te  to the  
posi t ive  pole, lenti l  agglut inins  move to  the  nega t ive  one 
(Figure 2). Compara t ive  e lec t rophore t ic  analysis  of p h y to -  
hemagglu t in in  f ract ions  f rom dif ferent  pea  and lenti l  
var ie t ies  showed quan t i t a t i ve  and (in lentil) also quali-  
t a t ive  differences in the  p a t t e r n  of ac t ive  componen t s .  

Inhibition of type 0 red blood ceil agglutination by sugars a 

Sugar Hemagglutinin fronl 
pea lentil 

D-Glucose ] 28 256 
n-Galactose 0 0 
D-Mannose 512 128 
D-Fructose 16 8 
D-Arabinose l 0 
Maltose 32 32 
Sucrose 32 8 

a Numbers indicate last degree of 2-fold serial dilution of 2% sugar 
solution (= 1) which causes perceptible inhibition of hemaggluti- 
nation by a 0.004% phytohemagglutinin solution is. 
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W h e n  e l u t e d  s e p a r a t e l y  f r o m  t h e  s t a r c h  gel,  t h e  2 c o m -  
p o n e n t s  o f  p h y t o h e m a g g l u t i n i n s  f r o m  b o t h  p l a n t  s p e c i e s  
s h o w  a n o n - s p e c i f i c  h e m a g g l u t i n a t i n g  a c t i v i t y  o f  a b o u t  
t h e  s a m e  t i t e r  a g a i n s t  t h e  r e d  b l o o d  cel ls  of  a l l  b l o o d  
g r o u p s .  U l t r a c e n t r i f u g a l  a n a l y s i s  of  t h e  2 h e m a g g l u t i -  
n a t i n g  c o m p o n e n t s  f r o m  p e a  c o n f i r m e d  t h e i r  h o m o g e n e i t y .  
T h e i r  s e d i m e n t a t i o n  c o n s t a n t s  (s20,w) a r e  3 .59 a n d  3.48 S,  
r e s p e c t i v e l y ,  w i t h  mo l .  w t .  b e t w e e n  53,000 a n d  54,000.  
B o t h  a r e  g l y c o p r o t e i n s  c o n t a i n i n g  a b o u t  1% n e u t r a l  
s u g a r .  

B o t h  p e a  a n d  l en t i l  h e m a g g l u t i n i n s  p r e c i p i t a t e  s o m e  
p o l y s a c c h a r i d e s  as  f o u n d  for  c o n c a n a v a l i n  A. I n  o u r  s t u d y ,  
t h e  p r e c i p i t a t i o n  of  y e a s t  m a n n a n  a n d  m u s c l e  g l y c o g e n  
w a s  f o l l o w e d  t u r b i d i m e t r i c a l l y  n ( F i g u r e  3), u s i n g  p h y t o -  
h e m a g g l u t i n i n s  p u r i f i e d  b y  t h e  S e p h a d e x  a d s o r p t i o n  
p r o c e d u r e .  

H e m a g g l u t i n a t i n g  a c t i o n  of  p e a  a n d  l e n t i l  h e m a g g l u t i -  
n i n s  is  i n h i b i t e d  to  a d i f f e r e n t  e x t e n t  b y  a n u m b e r  of  
m o n o s a c c h a r i d e s  a n d  o l i g o s a c c h a r i d e s  (Tab le ) .  A s  s h o w n  
in  F i g u r e s  4 -6 ,  s u g a r s  c a u s i n g  i n h i b i t i o n ,  w h e n  a p p l i e d  
t o g e t h e r  w i t h  p h y t o h e m a g g l u t i n i n s  t o  t h e  s t a r c h  gel,  en -  
h a n c e  t h e i r  m o b i l i t y  in  e l e c t r o p h o r e s i s .  T h e  r a t e  o f  
a c c e l e r a t i o n  is d i r e c t l y  p r o p o r t i o n a l  t o  t h e  i n h i b i t o r y  
p o w e r  of  t h e  p a r t i c u l a r  s u g a r  a n d  to  i t s  c o n c e n t r a t i o n .  
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Fig. 1. Chromatography of the crude protein mixture on Sephadex 
columns (A, G-200; B, G-100; C, G-50). 150 mg of a protein mixture, 
dissolved in 1 ml of normal saline, was applied to a column 
(2.5 • 11 cm) and eluted with normal saline. Arrows indicate the 
start  of the HC1 gradient. A linear gradient of HC1 was achieved by 
mixing 70 ml of normal saline and 70 ml of 0.02N HCI in normal 
saline. 5-ml fractions were collected at a flow rate of 15 ml/h. Optical 
density was measured at 280 nm using an Optica Milano CF 4 NI 
spectrophotometer. �9169169 Fractions with hemaggtutinating 
activity. � 9 1 4 9 1 4 9  Fractions without hemagglutinating activity. 

Fig. 2. Vertical starch gei electrophoresis of active protein fractions 
from seeds and of phytohemagglutinins obtained by chromatography 
Oil Sephadex. Gels were prepared from Connaught starch in borate 
buffer pH 8.6 and were run at 250 V/35 mA  for 6 h (A) and 4.5 h (B). 
A 1, 3G solution of the protein fraction obtained from a pea seed 
extract by 35-55% saturation with ammonium sulphate; A 2, 2% 
solution of the pea henlagglutinin as eluted from Sephadex G-200; 
]3 1, 3% solution of the protein fraction obtained from a lentil seed 
extract by 35-55% saturation with anlmonium sulphate; B 2, 2% 
solution of lentil hemagglutinin as eluted from Sephadex G-200. 
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Fig. 3. Interactions of pea hemagglutinins with polysaceharides. 
Turbidimetric estimation of the precipitate formed by increasing 
concentration of polysaccharides. O.D. values (420 nm) have been 
corrected by substracting the O.D. values found after dissolving the 
precipitate by addition of 0.1 ml of 2% 3-mannose solution. A, pre- 
cipitation of yeast mannan  (from Saccharomyces cerevisiae). 25-100 [/.g 
of the polysaccharide and 2 mg of phytohemagglutinin in 2 ml final 
volmne of 0.05M phosphate buffer pH 7.0. B, precipitation of 
muscle glycogen. 250-1000 [xg of the polysaeeharide and 4 mg of 
phytohemagglutinin in 2 mt final vol. of 0.05M phosphate buffer 
pH 7.0. 

Fig. 4. Effect of sucrose on the electrophoretic mobility of pea and 
lentil hemagglutinins. Starch gel electrophoresis of 2% solutions of 
phytohemagglutinins eluted from Sephadex G-200 run at 170 V/40 mA 
for 5 h in 0.03M acetate buffer pH 5.0 (using 0.1M buffer of the 
same pH for bridge solution). 1, lentil hemagglutinin in acetate 
buffer; 2, same with 20% sucrose; 3, pea hemagglutinin in acetate 
buffer; 4, same with 20% sucrose. 
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W h e n  the  e lect rophoresis  is carr ied ou t  in bo ra t e  buffer ,  
p H  8.6, the  mobi l i ty  of phy tohemagg lu t i n in s  is inf luenced 
to  a much  smaller  degree. 

The s imilar i ty  of in te rac t ions  wi th  ca rbohyd ra t e s  of the  
non-specif ic  hemagglu t in ins  f rom P. sativum, L. esculenta, 

V. cracca and  C. ensiformis suggests  t h a t  all of these  sub- 
s tances  belong to the  same class of p h y t o h e m a g g l u t i n i n s  
w i t h  ve ry  similar  or ident ical  ac t ive  sites. In  add i t ion  to 
tke  prac t ica l  usefulness of these  react ions  for isolat ion of 
p h y t o h e m a g g l u t i n i n s  and  q u a n t i t a t i v e  de t e rmina t i on  of 
specific c a rbohydra t e s  3,n,12, t h e y  can no doub t  con t r ibu te  
to  a b e t t e r  u n d e r s t a n d i n g  of t he  mechan i sm of hemag-  
glut inat ion.  

Our work  in th is  d i rect ion is be ing cont inued.  

Fig. 5. Effect of D-glucose concentration on the electrophoretic 
mobility of pea helnagglutinin. 2% solution of hemagglutinin with 
different amounts of D-glucose in 0.03M acetate buffer pH 5.0. 
Other conditions of eleetrophoresis identical with those given in the 
legend to Figure 4. D-glucose concentrations: 1, 4.0%; 2, 2.0%; 
3, 1.0%; 4, 0.5%; 5, 0.25%. 

Fig. 6. Effect of various monosaccharides and disaccharides on the 
electrophoretic mobility of pea heiHagglutinin. Conditions of electro- 
phoresis were identical with those given in the legend to Figure 4. 
2% solution of phytohemagglutinin in the buffer containing 2% of 
the following sugars. 1, D-mannose; 2, D-glucose; 3, maltose; 4, D- 
fructose; 5, sucrose; 6, D-galactose; 7, D-arabinose; 8, D-xylose; 
9, cellobiose. 

Zusammen/assung. Die in den Samen  der  Erbse  (Pisum 
sativum L.) und  der  Linse (Lens esculenta Moench) ent-  
ha l t enen  PhythS.magglu t in ine  reagieren spezifisch auf 
einige K o h l e h y d r a t s u b s t a n z e n .  Mono- und  Oligosaccha- 
ride, welche die Agglu t ina t ionswi rkung  dieser PhythS~mag- 
glut inine h emmen ,  bewi rken  auch  eine E r h 6 h u n g  ihrer  
e l ek t rophore t i schen  Wande rungsgeschwind igke i t  auf 
Stgrkegel.  I)iese Beschleunigung ist  der  H e m m w i r k u n g  
d i rekt  propor t ionel l  en tgegengese tz t .  
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E t h i o n i n e  and M e t h i o n i n e  B i o s y n t h e s i s  in Rat  Liver 

I t  is known t h a t  the  admin i s t r a t ion  of e thionine  signifi- 
can t ly  reduces  the  t r a n s m e t h y l a t i o n  f rom meth ion ine  for 
t he  synthes is  of choline 1 and  decreases the  ac t iv i ty  of 
some enzyme sys tems  involved in choline me tabo l i sm 
(choline oxidase,  E.C. 1.1.99.1; sarcosine oxidase, E.C. 
1.5.3.1) 2. Fur the rmore ,  e th ionine  decreases the  synthes is  
of me th ion ine  in ter fer r ing wi th  the  metabol ic  p a t h w a y  of 
1 ca rbon  uni t  3. 

On the  o ther  h a n d  STECKOL et  al. have  shown t h a t  
e th ionine  increases the  ca tabol ism of me th ion ine  to CO~, 
whi ls t  me th ion ine  increases the  ca tabol i sm of ethionine4. 

In  order  to fu r the r  clarify the  act ion of e th ionine  on the  
m e t h y l  t r ans fe r  in vivo, in this  pape r  the  inf luence of 
e th ionine  on the  be t a ine -homocys t e ine - t r an sme t h y l a s e  
enzymat i c  sys t em (E.C. 2.1.1.5) has been  s tudied.  

Fur the rmore ,  since STECKOL 5 has supposed  t h a t  ethio-  
nine could be de -e thy la t ed  in to  homocys te ine ,  compara -  
t ive ly  the  ac t ion  of th is  c o m p o u n d  on the  same enzyme  
has  been  checked.  

Experimental procedure. 4 groups of 6 male Wis t a r  ra t s  
(250-300 g) were given i.m. L-ethionine. E a c h  of the  
4 groups  received respect ively,  5, 10, 20 and 40 mg of 
L-ethionine in 2% acqueous solut ion for 3 days.  A n o t h e r  
series of ra t s  were given i.m. equimolecular  doses of DL- 
homocys te ine .  

On the  four th  day  the  animals  were bled by  decap i t a t ion  
and  the  be t a ine -homocys t e ine - t r an sme thy l a se  ac t iv i ty  
was  de t e rmined  on the  l iver by  the  m e t h o d  of DUBNOF~" 
and  BoRsooK 6 and modif ied  by  WILLIAMS 7 and ERICSON 8. 

The L-ethionine was suppl ied by  the  Sigma Cheniical 
Co., the  homocys te ine  by  the  Nut r i t iona l  Biochemicals  
Corp. and the  be ta ine  by  C. Erba .  

Results. F r o m  the  resul ts  r epo r t ed  in Table I i t  is 
ev iden t  t h a t  the  t r a n s m e t h y l a s e  ac t iv i ty  is s ignif icant ly  
increased (p < 0.01) upon  the  supply  of dai ly doses of 
5, 10 and 20 n,g of ethionine.  The m a x i m u n l  effect  corre- 
sponds  to the  dose of 10 nag; w i th  higher  doses the  t rans-  
me thy la se  ac t iv i ty  decreases again t o w ard  normal  levels. 

A similar resul t  has  been observed  following the  admin-  
i s t ra t ion  of homocys te ine  (Table l I) .  The regression of 
the  enzymat i c  act iv i ty ,  however ,  is no t  so marked  as in 
the  case of ethionine.  
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