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S t i m u l a t i o n  o f  I m m u n e  R e s p o n s e  b y  P o l y m a n n u r o n i c - G u l u r o n i c  A c i d  i n  M i c e  

N a t u r a l  and  syn the t ic  polynucleot ides  (PN) are  known 
to s t imula te  i m m u n e  response in mice immunized  wi th  
sheep red blood cells (SRBC)1. W e  prev ious ly  suggested 
t h a t  polyanions  general ly  m a y  enhance  i m m u n e  response, 
and t h a t  t he  s t imula t ing  ac t i v i t y  of P N  on i m m u n e  res- 
ponse, m a y  be re la ted  to  the i r  polyanionie  charac te r  2. 
WACKER et  al. s h a v e  repor ted  t h a t  alginic acid, (polyman-  
nuronic-guluronic  acid) also a polyanion,  inhibi ts  cell-free 
pro te in  synthesis  b u t  s t imula tes  app rox ima te ly  twofold  
i m m u n e  response towards  S R B C  in vi t ro.  

Accord ing  to  BRAUN et  al. z s ingle-s t randed P N  s t imu-  
la te  i m m u n e  response in v i t ro  b u t  no t  in v ivo.  However ,  
double-s t randed  P N  enhance  i m m u n e  response in v ivo.  
These differences m a y  be  due to  the  known fact  t h a t  
double-s t randed  P N  are  more  res is tent  to enzymat i c  de- 
g rada t ion  t h a n  s ingle-s t randed PN.  F r o m  these  results  
one can  suggest  t h a t  polyanions  which s t imula te  i m m u n e  
response in v i t ro  do  no t  necessari ly enhance  i m m u n e  res- 
ponse in v ivo.  

I n  th is  repor t  we describe the  inf luence of po lymannu-  
ronic-guluronic  acid (pMG) on the  p r imary  i m m u n e  res- 
ponse in mice.  6-8 week-old female  N M R I / H A N  mice were 
inocula ted  i.p. wi th  S R B C  suspended in 0.5 ml  of 0 .15M 
phospha te  buffered sal ine (PBS).  pMG (alginic acid, pur-  
chased f rom C. 1ROTH, OHG,  Karlsruhe)  suspended in 
0.5 ml  of P B S  was in jec ted  i.p. or  i .v.  19S p laque- fo rming  
cells (PFCs) in the  spleen were assayed according to  
L'AGE-STEHR and HERZENBERG 4 a t  t imes  indica ted  af ter  
immun iza t i on  of mice.  T i m e  course exper iments  (Figure 
1) show t h a t  4 m g  pMG per  mouse  enhance  PFC-res-  
ponse in mice  inoculated wi th  subop t ima l  S R B C  doses 
(2 × 10 s SRBC/mouse) .  

This  effect  is dependen t  on the  pMG dose admin is te red  
(Figure 2). 4 days  af ter  an t igen  inocula t ion a 44fold en- 
hancemen t  of i m m u n e  response was observed wi th  4 mg  
pMG/mouse .  A s ignif icant  enhancemen t  of PFCs  was 
not iced  even  when  0.4 m g  of pMG per  mouse  was in- 
jected.  

Resul t s  in t he  Tab le  c lear ly  demons t r a t e  t h a t  a di rect  
con tac t  of  S R B C  and pMG was not  a r equ i r emen t  for the  
a d j u v a n t  ac t ion  of this  polyanion.  The  s t imula t ion  of 
PFC-response  was more  effect ive giving an t igen  and poly-  
anion by  the  same route,  bu t  s ignif icant  s t imula t ion  of 
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pM6trnou~ pMG/mouse 
Fig. 2. The effect of various doses of polymannuronic-guluronic acid 
(pMG) on the number of antibody-forming spleen cells (plaque- 
forming cells) in mice. Groups of mice were injected with graded 
amounts of pMG i.p., 15 min after inoculation of mice with 2 × 106 
sheep red blood cells. Plaque-forming cells (PFC) were assayed 4 days 
after antigen inoculation. (6 mice per group). 
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Fig. 1. Time course study of the effect of polymannuronic-guluronic 
acid (pMG) on PFC-response. Mice were injected with 4 mg pMG 
15 rain prior to SRBC inoculation (O). Controls (O) and pMG-treated 
animals were inoculated with 2 × 10* SRBC i.p. Each point repre- 
sents average values of 6-8 mice. The standard errors are shown by 
the vertical bars. 

Effect of route on adjuvant action of polymannuronie-guluronic acid 
(piG) 

Route of SRBC Route of pMG PFC/Spleen +S.E.  
average 

- - 2 6  2 0  

i.p. 2 × 106 - 520 160 

i.p. 2 × I0* Lp. 4 mg 16,500 4,300 

i.p. 2 x 106 i.v. 4 mg 11,600 2,400 

Mice were injected with pMG 15 min prior to sheep red blood cell 
(SRBC) inoculations. Plaque-forming cells (PFC) were assayed 4 
days after SRBC inoculation (6 mice per group). 
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i m m u n e  response took  place  also when  an t igen  and poly-  
anion were g iven  b y  di f ferent  routes.  

JOHNSON et  al. 5 h a v e  repor ted  tha t  polyr iboadenyl ic-  
polyr ibour idyl ic  acid enhances  i m m u n e  response only 
wehn i t  is g iven  close to the  t i m e  of an t igen  inject ion.  
According to  Figure  3, under  our  expe r imen ta l  conditions,  
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Fig. 3. The effect of timing on the adjuvant action of polymannuro- 
nie-guluronic acid (pMG). Groups of mice (6 mice per group) were in- 
jected with 4 mg pMG per mouse at various times prior or after anti- 
gen inoculation. Controls (©) and pMG-treated (@) mice were inocu- 
lated with 2 × 10 e sheep red blood cells per mouse. Plaque-forming 
cells (PFC) were assayed 4 days after antigen inoculation. 

using pMG instead of polyr iboadenyl ic -polyr ibour idyl ic  
acid as a d j u v a n t  and  S R B C  instead of bovine-7-globul in  
as ant igen,  s imilar  bu t  not  ident ical  results were observed.  
pMG enhances  i m m u n e  response, when given 6 h or 15 min  
pr ior  to the  ant igen  inoculat ion.  However ,  pMG given  1 
day  af ter  immuniza t ion  causes s ignif icant  enhancemen t  of 
PFC-response.  pMG in jec ted  1 or  2 days  before S R B C  in- 
ocula t ion  has  no s ignif icant  effect  on PFC-response.  I t  is 
of in teres t  to note  t h a t  pMG did no t  cause increase in 
spleen weight  and erythropoes is  in the  spleen as observed  
wi th  py ran  copolymere,  a ca rboxy la te  po lymere  ~ and 
polyacryl ic  acid S, bo th  known to s t imula te  i m m u n e  res- 
ponse in mice towards  SRBC.  BRAUN et al. 1 discussed 
possible modes  of ac t ion  of  polynucleot ides  on an t ibody  
format ion.  W e  recent ly  ~ discussed possible modes  of ac- 
t ion  of polyanions  on i m m u n e  response a t  cel lular  and  a t  
subcel lular  level,  bu t  expe r imen ta l  d a t a  ava i lab le  a t  pre- 
sent  do not  ye t  pe rmi t  in te rpre ta t ion  of the  effects ob- 
served. 

Zusammen[assung. Bei  Miiusen, die m i t  subop t ima ten  
Ant igendosen  ge impf t  wurden,  e rh6hte  P o l y m a n n u r o n -  
GuluronsAure (Algins~ure) die Anzahl  der  19S-ant ik6rper-  
b i ldenden Zellen in der  Milz bis auf  das  44-fache. 
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Einf lus s  der  Ionenst~ irke  auf  d a s  I m m u n p r t i z i p i t a t i o n s v e r m 6 g e n  y o n  A m p h i b i e n - A n t i k 6 r p e r n  

Ant igen -An t ik6 rpe r -Komplexe  lassen sich methodisch  
einfach und dennoch  spezifisch als Pr i iz ipi ta te  du t ch  das 
Verfahren der  Immund i f fus ion  nachweisen 1. Von sero- 
logischen Arbe i t en  m i t  an t ik6rperha l t igen  Warmbl i i t e r -  
seren ist  j edoch  bekannt ,  dass de r  Ablauf  yon  Ant igen-  
An t ik6 rpe r -Reak t ionen  in v i t ro  yon  der  Ionenst~irke des 
Reakt ionsmi l ieus  beeinf lusst  werden  kann  ~-*. Das  zu- 
nehmende  a l lgemeine  Interesse  fiir die Immunit~i tsent-  
wick lung  bei  Ka l tb l i i t e rn  er forder t  daher  die Kenn tn i s  
einer eventue l len  Abhi ingigkei t  des Immundi f fus ions-  
ergebnisses von  der  Ionenst i i rke s des ve rwende t en  Puf-  
fermil ieus,  wenn  s ta r t  Warmbl f i t e r -Ant ik6rpe r  Amphi -  
b ien-Ant ik6rper  v e r w e n d e t  werden.  

Der  Vergleich yon Kan inchen-Ant ik6 rpe rn  und  Erd -  
k r6 ten-Ant ik6rpern  in ihrem Immunpr~iz ipi ta t ionsver-  
ha l ten  m i t  R inde ra lbumin  als Ant igen  in 0uch te r lony -  
P l a t t en  (0,85% Ion-Agar  in S6rensen-Phosphatpuffer  m i t  

Ionenst / t rke I = 0,150; 0,100; 0,050; 0,025; 0,005 oder  
in A q u a  bidest i l lata ,  d.i. I = 0,000) ergab unterschied-  
liche Abh~ingigkeiten v o n d e r  jeweils  vor l iegenden Ionen-  
st~rke. W~hrend  n~ml ich  das Auf t r e t en  yon  Rinder -  
a lbumin-Kan inchen-Ant ik6 rpe rp r~z ip i t a t en  ohne wesent-  
l iche Untersch iede  fiber den  gesamten  I -Bere ich  yon  
0,000-0,150 ve r t e i l t  war,  t r a t en  op t ima le  Pr~z ip i ta te  m i t  
den  Kr6 ten-Ant ik6rpe rn  nu t  in zwei verschiedenen Berei-  
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Prtizipitationslinien nach einer Reaktion yon Krt}ten-Antik~rpern (1) 
bzw. Kaninchen-AntikSrpern (2) mit Rinderalbumin verschiedener 
Konzentrationen. 


