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B i o - A s s a y  a n d  D o s e - R e s p o n s e  of  t h e  M i t o g e n i c  A c t i v i t y  of  t h e  P h y t o h e m a g g l u t i n i n  of  Phaseolus 
vulgaris 

Vge have  previous ly  repor ted  t h a t  the  dose-response  
of normal  blood l ymphocy te s  to p h y t o h e m a g g l u t i n i n  is 
a bell shaped  curve, exhib i t ing  an o p t i m u m  dose for 
max im a l  response  1,~. In  th is  repor t  we p resen t  in detai l  
this  dose-response  curve and describe our cul ture  me t h o d  
:for assaying the  mitogenic  po tency  of various prepara t ions .  
Th~s assay depends  on the  quan t i t a t i on  of the  up take  
of thymidine-2-1~C into the  D N A  which is a more  objec- 
t ive  and  accura te  measure  of mi togenic i ty  t h a n  the  deter-  
mina t ion  of mi to t ic  indices. 

~[alerials and methods. Hepar in ized  venus  blood (3 IU  
of hepa r in /ml  of blood) was ob ta ined  f rom normal  h u m a n  
hea l thy  subjec ts  showing no sens i t iv i ty  to penicillin. 
20 ml of 6% dex t r an  in 0 .14M NaC1 (124,000 mol. wt.,  
Sigma Chemical  Co., St. Louis, Mo., USA) were added  
per  100 ml of blood and allowed to s ed imen t  a t  room 
t e m p e r a t u r e  for 30 min. The s u p e r n a t a n t  p lasma con- 
ta in ing  the leukocytes  was then  w i t h d r a w n  and centr i-  
fuged a t  625 g for 20 min  at  5 ~ The packed  leukocytes  
were washed  once wi th  20.0 ml of t issue cul ture  med i u m 
NCTC 109 (Microbiological Associates,  Bethesda ,  Md., 
USA) and were then  suspended  in suff icient  vo lume of 
fresh h u m a n  serum, to give a count  of 5 • 106 leukocytes  
per  millilitre. Cultures were set  up in 20 ml screw cap 
glass vials (Whea ton  Glass Co., Millville, N.Y., USA). 
The caps were modif ied to pe rmi t  gas exchange  wi th  the  
a tmosphere ,  by  drilling a 0.25 inch hole in the i r  center  
and inser t ing a mill ipore filter, a glass f iber pref i l ter  
(Millipore Corp., Bedford,  Mass., USA) and a silicone 
rubbe r  washer  be tween  the  cap and the  vial in t h a t  
order.  8 ml of NCTC-109 conta in ing  1000 U of po tas s ium 
penicil l in G, p ro t e in -phy tohemagg lu t i n in  (PPHA) puri- 
fied as previously  descr ibed m a, and 1.0 ~c of t hymid ine -  
2-HC (New Eng land  Nuclear,  Corp., Boston,  Mass., USA) 
were added  to each vial and mixed wi th  2.0 ml serum 
conta in ing  107 leukocytes.  4 6 cul tures for each P P H A  
dose were set  up and incuba ted  at  37 ~ in a 'Dubnof f '  
wa te r  ba th  sha ldng  gent ly  a t  42 s t rokes  per  minute .  A 
flow of 2 cubic feet  per  hour  of a 20% Oz, 30/0 CO 2, 77% 
N 2 gas mix tu re  was ma in ta ined  th rough  the  ins t rumen t .  
Shaking disperses metabol ic  p roduc t s  t h a t  resul t  in 
damag ing  acid condit ions,  if allowed to accumula te  in 
the  cell layer. Gasing also aides in the  ma in t a inance  of 
the  p H  by  keeping the  CO 2 pressure  cons tan t .  Asept ic  
condi t ions  were observed th roughout .  The cul tures  were 
t e r m i n a t e d  af ter  48 h by centr i fuging the  leukocytes  a t  
625 g for 1.0 rain. The packed leukocytes  were washed  
twice wi th  12.0 ml of 0 .14M NaC1 and 3 t imes  wi th  
12.0 ml  of 1:5 wa te r -e thano l  mix tu re  (v/v). They  were 
then  dissoIved in 1.0 ml of concen t ra t ed  a m m o n i a  by 
hea t ing  in sealed tubes  for 1 h a t  90 ~ An al iquot  was 
used for DNA de te rmina t ions  by a spec t rof luoromet r ic  
m e t h o d  4 and the  remaining  solution was p la t ed  on pre- 
weighed stainless steel p lanchets .  The dry  weight  of the  
cells was de t e rmined  by  reweighing the  p lanche t s  fol- 
lowing dry ing  under  an iR- l amp .  The incorpora ted  thy-  
midine-2-~4C was counted  wi th  a low background  counte r  
(Beckman I n s t r u m e n t s  Co., Fuller ton,  California, USA).  
The count ing  t imes  were calculated wi th  the  aid of the  
previously  descr ibed n o m o g r a m  5, to assure a 99~ con- 
f idence t h a t  the  tolerable  f ract ional  error  is not  grea ter  
t h a n  0.05. 

Results and discussion. The da ta  were expressed in 3 
d i f ferent  ways:  (a) as the  to ta l  ne t  counts  per  minu te  
(CPM) of ~4C incorpora ted  into the cells of each cul ture ;  
(b) as CPM/mg of dry  weight  and (c) as CPM/mg of DNA. 

P lo t t ing  the  incorpora ted  a m o u n t  of thymidine-2-14C 
agains t  the  dose of P P H A  resul ted  in super imposib le  
bell shaped  curves regardless  of the  m e t h o d  used to  
express  the  data .  This is because the  to ta l  CPM was 
found to be l inearly re la ted  to the  to ta l  d ry  weigh t  
( r -  0.89) and to the  to ta l  DNA (r 0.98) per  culture.  
Repl ica te  cul tures showed good ag reemen t  in the i r  14C 
uptake,  being usually wi th in  • 10% of the  mean.  Much 
greater  var ia t ion  was encoun te red  be tween  cor responding  
cul tures of d i f ferent  exper iments ,  p robab ly  because of 
var ia t ions  in the  n u m b e r  of l ymphocy te s  in each cul ture  
and of differences in the  h u m a n  sera t h a t  were used. To 
facil i tate compar ison  of d a t a  f rom dif ferent  assays, we 
normal ized the  results  by  express ing t h e m  as the  per  cent  
of max imal  response  observed  in each assay. The nor- 
malized da t a  f rom 23 assays of P P H A  are l isted in the  
Table and are p lo t t ed  semi logar i thmical ly  agains t  the  
dose of P P H A  on the  accompany ing  Figure. The repro- 
ducibi l i ty  of this  assay m e t h o d  is evident .  No effect  is 
discernible below 0.0002 mg of P P H A / m l  of culture.  The 
response increases a t  h igher  doses reaching a m a x i m u m  
at 0.005 mg and  decreases the rea f t e r  to control  values  
at  1.0 mg of P P H A / m l  of culture.  These da t a  clearly 
d e m o n s t r a t e  t h a t  there  is an o p t i m u m  dose of P P H A  
for max ima l  response  of the  l ymphocy te s  and  t h a t  a t  
high doses the  P P H A  is toxic.  In  contras t ,  MAcKINNEy 6 
and BOYLSTON et al. 7 did no t  observe this  toxic  effect  
using an impure  commercia l  p repara t ion  (Difco PHA-P) ,  
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Response of normal human blood lymphocytes to various doses of phytohemagglutinin 
mg of PPHA/ml of culture 

15.4. 1969 

Assay 0.0000 0.0001 0.0002 0.0005 0.001 0.002 0.005 0.01 0.02 0.05 0.1 0.2 0.5 1.0 
Number (eontrols~ 

Percentage of maximal response (incorporation of Tdr-2-14C into DNA) 

1 0.3 �9 0.4 2.8 9.2 36.6 80.5 83.1 100 74.1 60.1 33.1 7.8 2.6 0.5 
2 0.9 1.2 5.6 39.4 58.7 100 46.8 26.9 30,2 20.4 6.2 1.2 
3 2.0 2.0 17.6 66.6 100 78.4 53.9 44.5 25.1 20.7 5.9 1.2 
4 3.6 2.5 3.2 14.3 48.9 74.8 100 94.2 57.7 35.9 23,0 5.4 1.8 0.4 
5 0.2 44.8 93.2 100 82.1 43.2 30.1 11.1 9.3 0.2 0.1 
6 0.2 0.2 0.4 8.1 27.4 71.6 91.4 100 75.4 66.8 52.6 10.9 0.7 0.1 
7 2.2 2.8 3.2 13.6 53.1 100 56.5 50.9 32.6 14.5 8.1 1.2 0.6 
8 1.4 1.1 12.6 100 95.2 51.7 30.4 0.8 
9 4.3 5.2 11.2 18.6 52.2 88.6 100 87.0 58.6 44.8 30.6 8.9 2.9 0.9 

10 0,2 0.3 1,1 5.8 29.9 68,1 100 94,5 73.8 47.8 28.8 10.7 2.1 0.3 
11 1.4 1.5 1.4 5.2 34.2 98.8 100 67.7 56.7 58.0 32.6 11.3 2.7 0.5 
12 1.5 1.3 1.8 13.0 44.3 84.1 85.1 100 58.9 35.7 21.5 5.1 0.8 0.2 
13 0.3 0.3 0.5 5.2 32.0 75.5 86.3 100 64.2 53.7 16.0 6.8 0.5 0.1 
14 0.4 0.9 1.2 13.8 68.8 99.6 100 98.8 84.0 52.2 51.7 19.0 6.2 1.2 
15 1.1 1.3 3.8 17.6 54.5 91.7 100 91.7 64.5 40.1 17.7 6.4 2.7 1.4 
16 0.4 1.8 9,0 16.0 31.8 61.6 100 76.9 57.1 32.1 18.9 13.2 6.6 5.6 
17 21.6 63.9 94.8 100 98.7 74.4 53.6 30.5 12.7 0.3 0.0 
18 0.5 0.6 0.7 3.0 21.7 74.9 100 91.5 71.3 44.8 11.0 2.6 0.3 0.1 
19 0.4 0.6 0.5 1.3 9.9 65.9 100 69.2 58.8 33.5 11.8 1.7 0.2 0.1 
20 0.5 0.3 0,5 3.6 21.0 58.7 100 88.4 69.0 42.9 24.9 13.1 0.9 0.2 
21 1.4 7.9 13.7 68.8 100 96.0 81.1 31.7 20.7 
22 0.1 7.4 59.6 84.6 100 71.0 44.9 33.4 23.5 
23 1.7 0.6 1,1 6.8 43.2 94.4 100 82.1 52.7 29.1 10.6 3.7 1.6 1.2 

Mean 1.1 1.3 2.7 9.3 35.2 76.8 95.9 87.8 

S.E, 0.2 0.3 0.8 1.3 3.9 3.4 2.0 2.6 

62.4 42.7 24.8 9.9 2.3 0.8 

2.5 2.3 2.4 1.2 0.5 0.3 

Each value in this table represents the mean of 4-6 replicate cultures. 

p r o b a b l y  because  t h e y  did n o t  use  suf f ic ien t ly  h igh  doses.  
O u r  a s s a y s  of Difco  P H A - P  s h o w  a n  o p t i m u m  dose  a t  
0.02 m g / m l  of c u l t u r e  a n d  no  r e s p o n s e  a t  5 . 0 m g / m l  
i n d i c a t i n g  t h a t  i t  is toxic .  W e  h a v e  s imi l a r ly  f o u n d  t h a t  
Difco P H A - M  a n d  B u r r o u g h s  W e l l c o m e  P H A  are  t ox i c  
a t  h i g h  doses,  w h i c h  is a lso  s u g g e s t e d  b y  d a t a  r e p o r t e d  
b y  o t h e r s  s'9. W e  h a v e  f o u n d  t h a t  t h e  o p t i m u m  doses  of 
all c o m m e r c i a l  p r e p a r a t i o n s  are  h i g h e r  t h a n  t h a t  of  
P P H A  a n d  t h e r e f o r e  a re  n o t  as  p u r e  as  P P H A .  T h e  
t o x i c i t y  a t  h i g h  doses  is a p r o p e r t y  of  t h e  p h y t o h e m a g -  
g lu t i n in  molecule ,  b u t  s ince P P H A  h a s  severa l  d i f f e r en t  
t y p e s  of s u b u n i t s ,  i t  is n o t  c lear  w h e t h e r  it  is due  to  t h e  
m i t o g e n i c  s u b u n i t  or  to  a s e p a r a t e  tox ic  s u b u n i t  2. T h i s  
tox ic  effect  is of u t m o s t  i m p o r t a n c e  a n d  shou l d  be  b o r n e  
in m i n d  w h e n  t h e  m i t o g e n i c i t y  of  v a r i o u s  p r e p a r a t i o n s  
is c o m p a r e d .  I f  we  beg in  w i t h  a n  i m p u r e  p r e p a r a t i o n  
c o n t a i n i n g  o n l y  1% P P H A  a n d  p u r i f y  it  to  t h e  p o i n t  t h a t  
t h e  p r o d u c t  is 100% P P H A  a n d  t h e n  a s s a y  b o t h  a t  a 
dose  of 0 .5 /ml  of cu l tu re ,  we  wil l  o b t a i n  m a x i m a l  m i t o -  
gen ic i ty  w i t h  t h e  i m p u r e  b u t  no  r e s p o n s e  w i t h  t h e  p u r i -  
fied. O n  t h e  o t h e r  h a n d ,  t h e  h e m a g g l u t i n a t i o n  t i t e r  of  t h e  
pur i f i ed  p r e p a r a t i o n  will  be  100 t i m e s  h i ghe r  t h a n  t h a t  
of  t h e  i m p u r e .  I f  we~are  u n a w a r e  of t h e  t ox i c  effect  of 
p h y t o h e m a g g l u t i n i n ,  we  m i g h t  r e a c h  t h e  e r r o n e o u s  con-  
c lus ion  t h a t  t he  pu r i f i ed  p r e p a r a t i o n  is h e m a g g l u t i n a t i n g  
b u t  n o t  m i t o g e n i c  a n d  t h a t  w e  h a v e  s e p a r a t e d  t h e  
2 ac t iv i t ies .  H o w e v e r ,  a c o m p l e t e  d o s e - r e s p o n s e  a s s a y  
w o u l d  h a v e  c lear ly  d e m o n s t r a t e d  m a x i m u m  m i t o g e n i c i t y  
of t h e  pur i f i ed  p r e p a r a t i o n  a t  0,005 m g / m l  a n d  no  m i t o -  
gen ic i ty  of t h e  i m p u r e  p r e p a r a t i o n  a t  t h i s  level. O u r  

conc lu s ion  w o u l d  t h u s  be t h a t  a 100 fold pur i f i ca t ion ,  b u t  
no  s e p a r a t i o n  of  t h e  2 ac t iv i t i e s  w a s  achieved .  I t  is 
a p p a r e n t  t h a t  co r r ec t  e v a l u a t i o n  of t h e  r e su l t s  of m i t o -  
genic  a s s a y s  r e q u i r e s  k n o w l e d g e  of  t he  o p t i m u m  dose  of 
t he  a s s a y e d  p r e p a r a t i o n .  T h e  r e p r o d u c i b i l i t y  of  t h e  
m e t h o d  desc r ibed  he re  m a k e s  poss ib le  t h e  a s s a y  of t h e  
m i t o g e n i c  a c t i v i t y  of  v a r i o u s  p r e p a r a t i o n s  of p h y t o -  
h e m a g g l u t i n i n  w i t h  a h igh  degree  of a c c u r a c y  10. 

Zusammen/assung. E s  w i r d  eine r e p r o d u z i e r b a r e ,  pr/ i-  
zise M e t h o d e  zur  U n t e r s u c h u n g  m i t o g e n e t i s c h e r  E igen-  
s c h a f t e n  y o n  P h y t o h ~ i m a g g l u t i n i n p r / i p a r a t e n  beschr ie -  
ben ,  die M e t h o d e  b e r u h t  auf  d e m  E i n b a u  y o n  rad io -  
a k t i v e n  T h y m i d i n  in D N S .  
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