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Kinetics of the Reaction of Kidney-Bean Leucoagglutinin with Human Lymphocytes 

The leuco- and e ry th roagglu t ina t ing  proper t ies  of 
ex t rac ts  f rom kidney  beans (Phaseolus vulgaris) have  been 
known for over  half  a century.  In  1960 NOWELL 1 dis- 
covered t h a t  the  bean ext rac ts  were capable  of s t imula t ing  
lymphocy tes  to undergo mi to t ic  division in vi tro.  I t  has 
been shown t h a t  these biological  act ivi t ies  are exer ted by  
glycoproteins,  which can be d iv ided into one pure ly  
leucoagglu t ina t ing  and probab ly  several  erythro-  and 
leucoagglut ina t ing  glycoproteins.  Tile k idney-bean  leuco- 
agglut inin has been ex tens ive ly  purified and described 2. 
I t  has been shown tha t  the  process of l ymphocy te  s t imula-  
t ion in v i t ro  is in i t ia ted  by  the  a t t a chemen t  of the  leuco- 
agglut inin to the  cell membrane  8. The kinet ics  of this 
react ion have  no t  previous ly  been inves t iga ted  in detail .  

Materials and methods. Blood was collected from hea l thy  
volunteers  of bo th  sexes (age 20-35 years) by  venous  
punc ture  and the  lymphocy tes  were isolated 4. The  
resul t ing cell suspension contained 99-100% pure, small-  
and medium-s ized  lymphocytes .  Homogeneous  kidney-  
bean leucoagglut inin  was isolated and crysta l l ized as 
described elsewhere ~. Leucoagglut in in  was labelled wi th  
t r i t i um by ace ty la t ion  wi th  Ha-acetic acid anhydride,  as 
previous ly  described 6. 

All exper iments  were per formed in 16•  m m  
polycarbona te  tubes  (Daniel Oy, Finland),  which showed 
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Fig. 1. Bin~ng of leucoagglutinin to lymphocytes in the absence and 
presence of serum, -O-, 0; - �9 15; and -A-,  50% (1.5 p~g/ml leuco- 
agglutinin and 108 lymphoeytes, 37 ~ 
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Fig. 2. Effect of different temperatures on the binding of leueo- 
aggIutinin to lymphoeytes. -A-,  4~ - �9 20~ and-O-,  37 ~ 
Other conditions as in Figure 1. 

negligible unspecific absorpt ion of leucoagglut inin (below 
1.0% of added leucoagglutinin).  The  basal  incubat ion  
med ium consisted of Eagle ' s  m i n i m u m  essential  medium,  
supplemented  wi th  0.2% methylcel lulose (Methocel cP, 
F luka  AG, Switzerland).  Af te r  incubat ion  the  ceils were 
washed twice wi th  ice-cold phosphate-buffered  saline, 
p H  7.4, t ransferred to glass tubes and solubil ized wi th  
Soluene (Packard Inc., USA).  The cel l -bound radio- 
ac t iv i ty  was de termined  by  count ing  in an au tomat i c  
l iquid scint i l la tor  (Wallac Oy, Finland) in 13ray's solution 
wi th  4 g / 1 0 m n i f l u o r  (New England  Nuclear  Corporat ion 
Inc.,  USA).  Quenching was corrected for, using external  
s tandards  ~. 

Results. The results of the  studies of different  serum 
concentra t ions  and tempera tu res  on the  binding of the  
leucoagglut inin to lymphocy tes  are shown in Figures  i and 
2. Increas ing the  t empera tu re  f rom 4 to 37 ~ makes  the  
b inding to ceils more rapid. However ,  the  largest  amoun t  
of leucoagglut inin  was bound a t  20~ The cells bound 
about  twice as much  leucoagglut inin at  20 ~ as a t  37 ~ 
At  37 ~ the  binding is comple ted  w i t h i n 1  h. The effect of 
serum was studies only a t  37 ~ As can be seen f rom the  
Figure,  serum competes  wi th  the  cells for the  agglutinin.  
As the  k idney-bean  leucoagglut inin  is a meta l lopro te in  
conta in ing Ca and Mn 5, the  effect of the  chela t ing agent  
E D T A  on the  binding was invest igated.  0.01 M E D T A  
great ly  inhibi ts  the  a t t a c h m e n t  of the  leucoagglut iuin  to 
the  cells and in addi t ion  is also capable  Of de taching  
a l ready bound leucoagglutinin.  

The reactions be tween  lectins a n d  blood cells have  
previous ly  been assumed to conform to the  laws of mass 
action. Then the  binding of the leucoagglut inin  (L) to 
lymphocy tes  (C) can be considered as a reversible bi- 
molecular  react ion : 

#i 
L + C ~-4 LC (1) 

where C denotes the  celluiar b inding site and k 1 and k s are 
the  ra te  constants  for the  reactions.  The associat ion 
cons tan t  K is then  

K=  kl (LC) 
k 2 - (L) (C) (2) 

This formula  refers to the  p r imary  associat ion of leuco- 
agglut inin wi th  lymphocy tes  bu t  does no t  refer to  the  
process of cell agglut inat ion.  The revers ibi l i ty  of the  
react ion was ascer ta ined according to WURMSER and 
FILITTI-WURMSER 8. As can be seen f rom Figure  3, the  
react ion is comple te ly  reversible.  The equi l ibr ium values 
for different  concent ra t ions  of leucoagglut i l l in  were 
plot ted,  as suggested by  SCATCHARD 9, according to the  
equa t ion  

(LC) 
- - = K ( n - - L C ) ,  (3) (L) 
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where  LC is t he  n u m b e r  of molecules  of l eucoagg lu t in in  
b o u n d  to  t he  lymphocy tes ,  L is t he  c o n c e n t r a t i o n  of free 
l eucoagglu t in in  in moles per  l i t re  a n d  n is t he  n u m b e r  of 
b i n d i n g  sites per  l ymp hocy t e .  

P l o t t i n g  LC/L aga ins t  LC will yield a s t r a igh t  line, if 
t he  r eac t ion  is homogeneous  w i t h  respec t  to  K.  As can  be  
seen f rom F igure  4, th i s  is no t  t he  case. The  i n t e r c e p t  on  
t he  LC axis is n a n d  t he  i n t e r c e p t  on  t he  LC/L axis  is Kn.  
The  in t e r cep t s  were o b t a i n e d  b y  ex t rapo la t ion .  Values  of 
1.6-2.4 • 106 b i n d i n g  si tes pe r  l y m p h o c y t e  were o b t a i n e d  
for t h e  l y m p h o c y t e s  f rom 5 persons  examined .  The  
classical  f i r s t -associa t ion  c o n s t a n t  742o is 7-8  X l07 M -1. 
The  average  associa t ion  c o n s t a n t  Kay decreased  w i t h  
increas ing  c o n c e n t r a t i o n  of l eucoagg lu t in in  and  t h e  lower 
l i m i t  is 0.5-2 • 107 M-1.  ' 

Discussion. Prev ious  s tud ies  on t h e  t e m p e r a t u r e -  
dependence  of t h e  reac t ions  be t w een  lect ins  and  ceils are 
conf i rmed  ~~ The  la rges t  a m o u n t  of l eucoagg lu t in in  is 
b o u n d  a t  20~ b u t  increas ing  t he  t e m p e r a t u r e  to  37~ 
speeds up  the  b ind ing .  Se rum in te r fe rences  g rea t ly  w i t h  
the  b i n d i n g  to t he  cells and  t h i s  may,  a t  leas t  pa r t ly ,  be  
t he  r eason  for t he  i n h i b i t o r y  ac t ion  of h i g h  concen t r a t i ons  
of se rum on in v i t r o  l y m p h o c y t e  s t imula t ion .  The  n a t u r e  
of t he  s u b s t a n c e  in s e rum which  in ter feres  w i t h  t he  cel lular  
a t t a c h m e n t  of t he  Ieucoagglu t in in  is n o t  k n o w n  for t he  
m o m e n t ,  b u t  mos t  p r o b a b l y  i t  is a g lycopro te in  ~l. 
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Fig. 3. Reversibility of the reaction between lymphoeytes and kid- 
ney-bean leueoagglutinin. The filled circles denote the binding of 
leucoagglutinin to tymphocytes saturated at 40 ~g/ml and then dilut- 
ed to 0.8 [zg/ml. The open circles show the absorption to lymphocytes 
at 0.8 ~g/ml. 
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Fig. 4. SCATCHARD plots of the reaction between lymphocytes and 
leucoagglutinin. Curves from 5 individuals. 

I t  has  p rev ious ly  been  shown  t h a t  D E T A  is h igh ly  
i n h i b i t o r y  of l y m p h o c y t e  s t i m u l a t i o n  w i th  k i d n e y - b e a n  
ext rac ts .  KAY l~ p o s t u l a t e d  t h a t  t h i s  was due to  e i the r  
i m p a i r e d  cellular b i n d i n g  or b i n d i n g  in a fo rm no t  
c o m p a t i b l e  w i t h  s t imu la t ion .  LINDAttL-I~IESSLING 4 a r r ived  
a t  t he  conclus ion t h a t  E D T A  in 0.01 M c o n c e n t r a t i o n s  
p r e v e n t s  t he  cel lular  a t t a c h m e n t  of k i d n e y - b e a n  p h y t o -  
haemagg lu t i n in .  The  resu l t s  of t he  p r e sen t  i nves t i ga t i on  
conf i rm t h a t  E D T A  p r e v e n t s  t he  b i n d i n g  of leucoagglu-  
t i n i n  to  l y m p h o c y t e s  a n d  in add i t i on  is also capab le  of 
d e t a c h i n g  a l r eady  b o u n d  leucoagglu t in in .  As t he  leuco- 
agg lu t in in  molecule  ha s  been  s h o w n  to con t a in  consider-  
able  a m o u n t s  of Ca a n d  Mn, an  i n t e r ac t i on  be tween  E D T A  
and  these  me ta l s  seems h igh ly  p robab le .  

The  cel lular  recep tors  for p h y t o h a e m a g g l u t i n i n s  h a v e  
been  shown to be  g lycopept ides  or po lysacchar ides  11, b u t  
t he  s t r u c t u r e  of t he  l eucoagg lu t in in  r ecep to r  is n o t  known.  
The  f igure  of 2.0 • 106 b i n d i n g  si tes pe r  l y m p h o c y t e  for 
the  l eucoagg lu t in in  m a y  be  c o m p a r e d  w i t h  t he  va lues  of 
6.6 x 106 for a len t i l  l ec t in  l~ and  2.7 • 106 for k i d n e y - b e a n  
e r y t h r o a g g l u t i n i n  1,. 

P rev ious  i nves t iga to r s  who  s tud ied  t h e  k ine t ics  of t he  
reac t ions  be tween  lec t ins  a n d  ceils h a v e  genera l ly  a s sumed  
t h a t  these  reac t ions  are comple t e ly  revers ib le  ~0. However ,  
t h i s  fac t  ha s  no t  been  unequ ivoca l ly  p r o v e d  before,  w i t h  
t he  excep t ion  of t he  r eac t ions  of t h e  len t i l  lectin,  wh ich  
can  be  w a s h e d  off ceils w i t h  D-mannose  solut ions  la. The  
m e t h o d  used in t he  p r e sen t  i nves t iga t ions  shows t h a t  t he  
r eac t ion  be tween  h u m a n  l y m p h o c y t e s  a n d  l eucoagg lu t in in  
is comple te ly  revers ib le  u n d e r  cel l -cul ture  cond i t ions  and  
t h a t  a d y n a m i c  equ i l i b r i um b e t w e e n  b o u n d  a n d  u n b o u n d  
leucoagg lu t in in  exists,  an  equ i l ib r ium wh ich  conforms  to 
t he  laws of mass  ac t ion  a n d  t h e r m o d y n a m i c s .  

The  assoc ia t ion  c o n s t a n t  a n d  n u m b e r  of b i n d i n g  si tes 
for t he  l eucoagg lu t in in  were d e t e r m i n e d  as sugges ted  b y  
SCATCHARD 6. The  cu rv i l i nea r  p lo ts  in  F igu re  4 ind ica te  
t h a t  t he  r eac t ion  b e t w e e n  t he  l eucoagg lu t in in  a n d  t he  
l y m p h o c y t e s  is no t  homogeneous  w i t h  respec t  to  K. 
However ,  t h i s  does no t  p r e v e n t  t he  ca lcu la t ion  of 14o and  
t he  n u m b e r  of recep tor  si tes on t he  l y m p h o c y t e s  f rom the  
in t e rcep t s  of t he  curves.  The  reason  for t he  i n h o m o g e n e i t y  
m a y  be  e i the r  h e t e r o g e n e i t y  in  t he  recep tors  of t he  
l y m p h o c y t e s  or in  t he  b i n d i n g  si tes of t he  leucoagglu t in in .  
Of these  exp lana t ions ,  t h e  f i r s t -men t ioned  is m o s t  
p robable ,  as t he  l eucoagg lu t in in  used  has  been  shown to  be  
homogeneous  b y  v e r y  r igorous  cr i ter ia ,  i nc lud ing  iso- 
electr ic  focusing, disc e lectrophoresis ,  i on -exchange  
c h r o m a t o g r a p h y ,  a n d  c rys ta l  s t ruc tu re ,  a n d  in a d d i t i o n  is 
composed  of 4 iden t i ca l  s u b u n i t s  ~. The  resu l t s  of th i s  
s t u d y  would  be  exp la ined  if i t  were a s sumed  t h a t  t he  
l y m p h o c y t e s  con t a in  two k inds  of recep tors  for t he  
leucoagglut in in ,  i.e. h igh-  and  low-af f in i ty  receptors .  The  
occurrence  of severa l  k inds  of recep tors  for k i d n e y - b e a n  
agg lu t in ins  on  l y m p h o c y t e s  ha s  no t  been  d e m o n s t r a t e d  
before.  The  h igh -a f f in i ty  recep tor  m a y  consis t  of two 
low-af f in i ty  receptors  c o m b i n i n g  w i t h  t h e  same leueo- 
agg lu t in in  molecule.  W h e n  l eucoagg ln t in in  is added  in 
concen t r a t i ons  caus ing  l y m p h o c y t e  s t imu la t ion ,  i t  will  
i n t e r ac t  a l m o s t  exclus ively  w i t h  t he  h igh -a f f in i ty  recep- 
tors .  Therefore,  i t  seems reasonab le  to  infer  t h a t  t he  h igh-  
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a f f in i ty  r ecep to r s  are  connec t ed  w i t h  t h e  process  of 
l y m p h o c y t e  ac t iva t ion .  If, as suggested,  t he  h i g h - a f f i n i t y  
recep tors  cons is t  of two low-af f in i ty  receptors ,  i t  m e a n s  
t h a t  l ymphocy t e s ,  in order  to  become  ac t i va t ed ,  requi re  
the  b i v a l e n t  a t t a c h m e n t  of flhe s t i m u l a t i n g  molecule  to  
t h e  cell m e m b r a n e .  Leucoagg lu t in in  in  h ighe r  concen t r a -  
t ions  r eac t  p r e d o m i n a n t l y  w i t h  the  low-af f in i ty  recep tors  
or m o n o v a l e n t l y  a n d  does no t  s t i m u l a t e  l y m p h o c y t e s  as 
shown  p rev ious ly  2 

I t  has  been  shown  t h a t  l eucoagg lu t in in  does no t  h a v e  
to be  in t e rna l i zed  in t he  l y m p h o c y t e s  d u r i n g  s t i m u l a t i o n  a. 
Thus  t he  s t i m u l a t o r y  process  is i n i t i a t ed  b y  the  es tab l i sh-  
m e n t  of a d y n a m i c  equ i l i b r ium b e t w e e n  l y m p h o c y t e  
recep tors  of h igh -a f f i n i t y  t y p e  a n d  t he  mi togen  molecules.  

Zusammen/assung. Es  wurde  die K i n e t i k  der  R e a k t i o n  
zwischen L y m p h o z y t e n  u n d  L e u k o a g g l u t i n i n  aus  Phase- 
olus vulgaris u n t e r s u c h t .  
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Thermal  Injury: Release  of a Cytotoxic  Factor 

R e c e n t  s tudies  from these  l abora to r i e s  h a v e  suggested  
the  presence  of a specific i n h i b i t o r  of muscu l a r  c o n t r a c t i o n  
in t he  s e rum of acu te  t h e r m a l l y  i n ju red  p a t i e n t s  ~. A toxic  
g lycopro te in  isola ted f rom in v i t ro  scalded h u m a n  sk in  
i n h i b i t e d  the  f o r m a t i o n  of adenos ine  5 ' - t r i p h o s p h a t e  
(ATP) - induced  t ens ion  b y  glycerol  e x t r a c t e d  muscle  
f ibers  ~,~. Ea r l i e r  s tud ies  h a v e  shown  t h a t  t he  ' tox ic  
g lycopro te in ' ,  w h e n  a d m i n i s t e r e d  i .v. ,  p r o v e d  le tha l  to  
mice,  and,  w h e n  i nco rpo ra t ed  in to  t he  g r o w t h  m e d i u m ,  
i n h i b i t e d  t h e  g r o w t h  of He l a  and  H E P ,  cells 4 

Sensi t ized l y m p h o c y t e s  are k n o w n  to m e d i a t e  a l lograf t  
a n d  t u m o r  i m m u n i t y  as well  as de layed  h y p e r s e n s i t i v i t y  

react ions .  L y m p h o c y t e s - m e d i a t e d - c y t o t o x i c i t y  aga ins t  
va r ious  t a r g e t  cells can  be induced  b y  several  m e t h o d s  
wh ich  include t h e  a d d i t i o n  of l y m p h o c y t e s  specif ical ly 
sens i t ized  aga ins t  t h e  co r respond ing  t a r g e t  cells, or t h e  
add i t i on  of an t igen  un re l a t ed  to  the  t a r g e t  cells, to  a 
m i x t u r e  of t a r g e t  l y m p h o c y t e s  specif ical ly sensi t ized 
aga ins t  t h e  added  an t igen .  I n v e s t i g a t i o n  of the  mecha-  
n i sms  of ce l l -media ted  i m m u n e  reac t ions  a n d  induc t ion  of 
l y m p h o c y t e - m e d i a t e d  c y t o t o x i c i t y  ag a i n s t  va r ious  t a r g e t  
cells in  var ious  t ypes  of t r a u m a ,  v i ra l  an d  neoplas t ic  
is va luab le  for t h e  u n d e r s t a n d i n g  of t h e  ce l l -media ted  
reac t ions  5-s and  of the  immuno log i ca l  s t a t e  of t h e  v ic t im.  

The  p r e s en t  s t u d y  was pe r fo rmed  to i nves t i ga t e  t h e  
cy to tox ic  effects of  a n  ' acu te  b u r n  s e rum i n h i b i t o r '  
i so la ted  f rom t h e  s e rum of acu te  t h e r m a l l y  in ju red  
pa t i en t s ,  on f ib rob la s t  of r a b b i t  h e a r t  cul ture ,  an d  on t h e  
g r o w t h  an d  m i g r a t i o n  of l y m p h o c y t e s  f rom n o r m a l  an d  
t h e r m a l l y  i n ju red  subjects .  

Methods. Blood samples  were o b t a i n e d  f rom S u m n e r  
L. Koch  B u r n  W a r d  a t  Cook C o u n t r y  Hospi ta l .  The  
b lood was a l lowed to clot  a t  r oom t e m p e r a t u r e ,  an d  the  
se rum was sepa ra t ed  a t  1000 •  for 15 rain.  The  se rum 
(10 mI) was  d i lu ted  w i th  an  equa l  v o l u m e  of physio logica l  
saline,  t h e n  mixed  w i t h  one- f i f th  vo lume  of glacial  acet ic  
acid an d  an  equal  vo lume  of bu tano l .  The  aqueous  phase  
was sepa ra t ed  a f te r  c en t r i f u g a t i o n  for 60 ra in  a t  1000 • g, 
an d  processed as descr ibed for t h e  ' tox ic  g lycopro te in '  4, 9 
T h e  ' acu te  b u r n  se rum i n h i b i t o r '  was f ina l ly  d ia lyzed  
aga ins t  phys io logica l  sal ine an d  m a d e  up  to a f inal  vo lume  
of 10 ml. 

F i b ro b l a s t s  of p r i m a r y  h e a r t  cu l tu res  were o b t a i n e d  
f rom a lb ino  rabb i t s ,  3-4  lbs. The  h e a r t s  were removed ,  
r insed free of b lood an d  cu t  in to  smal l  pieces in  10 ml  of 
E a r l e ' s  sa l t  solut ion.  The  so lu t ion  t h e n  decanted ,  an d  the  

Fig. 1. Cytotoxic effect of the 'acute burn serum inhibitor' on rabbit 
heart fibroblasts: 48 h growth of rabbit heart fibroblasts in basal 
Eagles medium in presence of 0.10 ml of extract from normal serum 
(A), and from serum of thermally injured patient with 60 % total body 
injury. 
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