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A SEROLOGICAL METHOD USED IN THE INVESTIGATION OF THE PREDATORS 

OF THE PUPAL STAGE OF THE WINTER MOTH, OPEROPHTERA BRVMATA 

(L.) (HYDRIOMENIDAE) 

J.H. FRANK Quaestiones entomologicae 
Hope Department of Entomology 3 : 95 — 105 1967 
University Museum, Oxford* 

A method is described for producing antibodies to winter moth pupae antigens in experi­
mental rabbits. This method proved useful in estimating the extent of feeding by certain predatory 
beetles on winter moth pupae when more direct methods were impracticable. 

The populations of oak-defol iat ing Lepidoptera in a study a r e a at 
Wytham Wood, B e r k s h i r e , England have been under inves t iga t ion for a 
number of y e a r s by Var l ey and Gradwel l ( I960, 1963a, 1963b). One of 
the m o s t abundant of these spec ies is the winter mo th , which is in the 
pupal s tage underground between the end of May and the end of November . 
These pupae suffer a high m o r t a l i t y . Var l ey and Gradwel l (1963a) s u g ­
gested that the p r inc ipa l c a u s e s of this m o r t a l i t y migh t be m o l e s , m i c e , 
and p r e d a t o r y b e e t l e s , p a r t i c u l a r l y spec ies of the ca rab id genera 
Pterostichus and Abax and the staphylinid Philonthus decorus (Gr. ) . L a b o r a t o r y 
feeding t e s t s (Frank 1967) s iowed that s e v e r a l spec ies of Pterostichus, 
Abax parallelepipedus ( P i l l , a n d M i t t . ) a n d Philonthus decorus w e r e a b l e t o p e n e t ­
r a t e t h e c o c o o n a n d in tegument of the winter m o t h pupae and eat the con­
t e n t s . In o rde r to evaluate the number of pupae taken by each spec ies of 
p r eda to r a se ro log ica l technique has b e e n u s e d , based on that of D e m p s t e r 
(I960) but with s e v e r a l d i f fe rences . 

This is not an exhaust ive study of s e ro log ica l me thods applied to 
ecology, but ind ica tes techniques which m a y be of u s e to those wishing 
to study p r e d a t o r - p r e y r e l a t i o n s h i p s , and i s a sequel to West (1950). 
Crowle (1961) and Wieme (1965) a r e useful r e f e r e n c e w o r k s . 

Success ive inject ions of a foreign p ro t e in into a m a m m a l i a n blood 
s t r e a m lead to the format ion of ant ibody a s d e s c r i b e d by Nossa l l (1964) 
and Spe i r s (1964). These ant ibodies m a y be highly specific to individual 
an t igens . Usual ly a given ant igen induces m a x i m a l antibody format ion 
when i t i s p u r e . If immuni sa t ion is done with a m i x t u r e of s e v e r a l an t i ­
gens it is l e s s l ikely that an antibody will be fo rmed aga ins t any given 
ant igen. 

E x p e r i m e n t a l an ima l s injected with 'winter mo th p r o t e i n s migh t 
the re fo re be expected to produce ant ibodies specific to the p ro te ins p r e ­
sen t . Winter mo th p ro te ins der ived from p r e d a t o r gu ts , if una l t e r ed 
by enzymat ic ac t ion , should give an i m m u n e r e a c t i o n with the ant ibody. 
A white p r e c i p i t a t e , sui table p recau t ions having been taken , would be 
proof of this r e a c t i o n . 

* Present address: Department of Entomology, University of Alberta, Edmonton, Alberta. 



Sero log ica l Method 

96 

PREPARATION OF MATERIALS 

The account given h e r e r e l a t e s the s teps u sed in the p r e p a r a t i o n of 
an a n t i s e r u m in expe r imen ta l r abb i t s to win te r mo th pupal ant igen . The 
ex t rac t ion of p r e d a t o r gut contents and the t es t ing of t he se aga ins t the 
p r e p a r e d a n t i s e r u m a r e r ecoun ted . After the r e s u l t s of th is e x p e r i m e n t , 
I have explained the r e a s o n s for some of the p r o c e s s e s and ment ioned 
some of the a l t e rna t i ve me thods ava i l ab l e . 

Collection of Predator Meals 

Overnight ca tches f rom pitfall t r a p s in the study a r e a w e r e m a d e 
twice a week in the s u m m e r and au tumn of 1964 and 1965. P o s s i b l e p r e ­
d a t o r s w e r e r e m o v e d from the t r a p s and ki l led with ethyl ace t a t e vapour . 

Immedia t e ly upon r e t u r n to the l a b o r a t o r y the c r o p s of these poss ib le 
p r e d a t o r s w e r e r e m o v e d and s m e a r e d onto f i l ter p a p e r s . The fi l ter 
p a p e r s w e r e label led with da te , spec ies and sex of the a n i m a l s , and 
s to red in a d e s i c c a t o r over phosphorus pentoxide . It i s s ta ted that such 
s m e a r s have been s to red for over 2 y e a r s without d e t e r i o r a t i o n (Hall 
etal. 1953). 

The Experimental Mammals 

T h r e e adult m a l e r abb i t s w e r e obtained as expe r imen ta l a n i m a l s , 
and a s e r i e s of inject ions given. Ma tu re an ima l s a r e u s u a l l y be t t e r an t i ­
body p r o d u c e r s than young o n e s . P ro longed i m m u n i s a t i o n should be 
avoided because of i n c r e a s e in the chance of antibody format ion aga ins t 
m i n o r i m p u r i t i e s , and because of the r i s k of product ion of s e r a with l e s s 
speci f ic i ty . 

Preparation of Antigen 

Winter moth l a r v a e w e r e al lowed to pupate in pea t in r e a r i n g cages 
in the l a b o r a t o r y . Within a few weeks of pupat ion, heal thy pupae w e r e 
r e m o v e d f rom the i r cocoons and weighed. 

One g of pupae a t a t ime was c r u s h e d by pes t l e and m o r t a r in 25 m l 
of 0. 9% sodium ch lor ide solut ion. The contents of the m o r t a r w e r e 
washed into a f la t -bo t tomed f lask, and a few drops of M / 1 0 0 0 po ta s s ium 
cyanide w e r e added to p r ec ip i t a t e m e l a n i n s (Demps te r I960) . The f lask 
was left for 24 hr in a r e f r i g e r a t o r a t 5 C. The contents of the flask w e r e 
then divided equal ly be tween 2 centr i fuge tubes and centr i fuged for 1 hr 
at 2500 r p m , and app rox ima te ly 1400 g. The c l e a r l iquid was then pa s sed 
through a Seitz EK s t e r i l i s i n g f i l ter pad and col lec ted in a th ick-wal led 
f lask with a s ide a r m to which a f i l ter pump was fi t ted. The tota l volume 
of sa l ine used in c rush ing the pupae and washing the m o r t a r , f la t -bot ­
tomed f lask, and centr i fuge tubes was 50 m l . 

P r i o r to f i l t ra t ion the f i l t e r -pad ho lde r , th ick-wal led flask, and a 
f r e e z e - d r y i n g f lask had been s t e r i l i s e d by au toc lav ing . The liquid in 
the th ick-wal led f lask was f r e e z e - d r i e d us ing l iquid a i r . The f r e e z e -
d r i ed m a t e r i a l was s t o r e d in a s t e r i l e , s toppered tube in a r e f r i g e r a t o r 
un t i l needed . When sufficient ant igen had been f r e e z e - d r i e d i t w a s pooled 
in o r d e r to m i n i m i s e va r i a t ion and r e - s t o r e d . 

C a r e i n the p r e p a r a t i o n of the ant igen is n e c e s s a r y to avoid dena tu r -
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ing the p ro te ins p r e s e n t . N o r m a l methods of drying m a y cause a change 
in the p ro te in s t r u c t u r e . S te r i l e equipment is n e c e s s a r y to p reven t b a c ­
t e r i a l a t t ack and acc iden ta l in t roduct ion of fore ign p ro te in . 

Production of Antiserum 

Approx imate ly 0. 2 g of the f r e e z e - d r i e d ant igen was r econs t i tu t ed 
with 10 m l of d i s t i l l ed wa te r , and the pH was buffered at 6. 8 by the ad ­
dition of disodium hydrogen phosphate and dihydrogen sodium phosphate . 
To the solution was added an equal volume of a m i x t u r e of the emuls i fy­
ing agent A r l a c e l 'A' and a light oi l , Bayol ' F 1 , in the r a t io 3 : 17. The 
l iquids were thoroughly emulsi f ied by drawing into and expell ing f rom a 
fine g lass p ipe t te . The emuls ion was divided into t h r e e p o r t i o n s , a s 
a c c u r a t e l y as pos s ib l e , and injected subcutaneously into the expe r imen ta l 
an ima l s at four s i t e s : over each scapula and over each flank. All the 
equipment was autoclaved before u s e , including the hypodermic sy r inges 
and '20 gauge1 n e e d l e s . 

A n i n t e r v a l o f a w e e k w a s left before the second s e r i e s of in jec t ions , 
whena bacto-adjuvant was u sed . This ant igen had the s a m e composi t ion 
as that p rev ious ly injected but contained, in addi t ion, a suspens ion of 
ki l led, d r i ed Mycobacterium butyricum . This enhances the i m m u n e r e s p o n s e 
(Freund ct al. 1948). A th i rd and a fourth s e r i e s of inject ions was given 
at i n t e rva l s of one week and us ing incomple te adjuvant, i . e . without 
Mycobacterium butyricum . 

After a fur ther week rabb i t no. 1 was s t a r v e d for a day in an a t t empt 
to e l imina te some lipid m a t e r i a l f rom the blood s t r e a m , and was then 
bled from the e a r . The r e a s o n for a t t empt ing to get r id of d i s so lved 
l ipids in the blood is that t he se migh t s e p a r a t e on s tanding and thus ob ­
s c u r e the r eac t i on . A sma l l cut was m a d e in the p o s t e r i o r edge of the 
ear under s t e r i l e condit ions and 5 m l of blood w e r e r u n i n t o a 'Lus t e ro id 1 

plas t ic centr i fuge tube . Lus t e ro id is a non-wet table c o m m e r c i a l p las t i c 
to which blood will not r ead i ly a d h e r e . The blood was al lowed to clot at 
r o o m t e m p e r a t u r e for one hour , and then the s e r u m 'was centr i fuged for 
one hour a t 2500 r p m to p rec ip i t a t e f ibr in and blood c o r p u s c l e s . The 
c l ea r s e r u m was then decanted into a s toppered p la s t i c tube . 

The following day a l l t h r e e r abb i t s w e r e given a fifth s e r i e s of in ­
j ec t i ons . On the s ix thday after the inject ions all the r abb i t s w e r e s t a rved 
for 24 h o u r s , and on the seventh day a l l t h r e e w e r e bled from the e a r . 
The s e r u m was t r e a t e d as p rev ious ly , decanted into label led p las t i c 
tubes and s t o r e d in a r e f r i g e r a t o r . 

F u r t h e r inject ions w e r e g ivena t i n t e rva l s of 6 weeks to keep up the 
level of immuni ty . Exsanguinat ion was done eve ry 3 weeks because it 
was found that the s e r u m tended to d e t e r i o r a t e after being r e m o v e d from 
and r e p l a c e d in the r e f r i g e r a t o r s e v e r a l t i m e s . 

METHODS OF TEST 

Preliminary Test 
A v e r y s m a l l volume of the c l ea r s e r u m was al lowed to run up shor t 

lengths of g l a s s cap i l l a ry tubing of 1 m m in t e rna l d i a m e t e r and about 3 
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cm long, and the lower ends of the tubes w e r e pushed into p las t i c ine . A 
s m a l l quantity of f r e e z e - d r i e d ant igen was recons t i tu ted with dis t i l led 
wa te r , taken up in a m i c r o p i p e t t e , and l aye red careful ly on top of the 
s e r u m in the cap i l l a ry tubes . The tops of the tubes were then sea led 
with p las t i c ine and the tubes were al lowed to s tand a t room t e m p e r a t u r e . 
In l e s s than 10 m i n a white p rec ip i t a t e had formed at the s e r u m ant igen 
i n t e r f ace . This was taken to indicate that the rabbi t had formed an t i ­
bodies aga ins t the winter moth ant igen. 

The Precipitin Test 

Gamma globulins 

Var ious methods have been used by different w o r k e r s to t e s t the 
immune r eac t i on between ant igen and antibody and some of these a r e 
ment ioned in the d i s cus s ion . Bas ica l ly , the d r i ed p reda to r gut s m e a r s 
a r e r econs t i tu t ed with d is t i l led water and r e a c t e d with ei ther whole an t i ­
s e r u m or a gamma globulin ex t rac t of the s e r u m . All immunoglobul ins 
a r e an t ibod ies , but gamma globulins const i tu te m o r e than 90% of immuno­
globul ins , a t l e a s t in human s e r u m (Wieme 1965). Because s e v e r a l 
ant ibodies a r e l ikely to be produced to the s e v e r a l components of the 
wate r soluble p ro te in f rom winter moth pupae , it i s m o s t probable that 
some of t he se will be gamma globul ins . By us ing a solution of the gam­
m a globulins alone f rom the immune s e r u m , a c l e a r e r liquid is produced 
in which immune r eac t i ons a r e l e s s l ikely to be obscu red . 

Method used 

The method used in the following expe r imen t s was mode l led on that 
u sed by R . A . Webb and G. P . Gladstone a t the Sir William Dunn School 
of Pathology, Oxford. An aga r of the following compos i t ion was m a d e 
up: 'Bacto A g a r ' 3 .0 g, sodium chlor ide 1.7 g, barbi tone 1.48 g, gly­
cine 4 . 5 g, d i s t i l l ed wate r 180 m l . The chemica l s were weighed out in­
to a l a rge beake r , and the d is t i l l ed wate r was added and s t i r r e d wel l . 
Difficulty was exper i enced in gett ing the barbi tone to d i s so lve , so the 
beaker and contents w e r e autoclaved for about 10 min , which proved ef­
fect ive in d isso lv ing the ba rb i t one . Twenty m l of a 10" M solution of 
m e r t h i o l a t e ( th iomersa l ) we re added as an ant ib io t ic , and the agar was 
then f i l t e red through s t e r i l e cotton wool and s to red in s t e r i l e s c r e w -
topped j a r s kept in an oven at 50 C. It was found that the agar tended to 
d e t e r i o r a t e if kept for m o r e than 10 d ay s . 

An appa ra tu s was m a d e up cons is t ing of a level l ing table onto which 
was fitted a p e r s p e x t r a y . This t r a y held eight g lass m i c r o s c o p e s l ides 
s ide by s ide , and eight holes w e r e punched through the t r a y , one under 
the posi t ion of each s l ide and sl ightly towards one end. The s ides of the 
t r a y w e r e of such height that when t h e m i c r o s c o p e s l ides w e r e in posi t ion 
1 m m of the r i m was exposed, and thus a layer of agar of depth 1 m m 
could be poured over the s l i d e s . 

Two r o s e t t e s , each containing a c e n t r a l and six p e r i p h e r a l we l l -
c u t t e r s w e r e fixed into another p iece of p e r s p e x which was of such con­
s t ruc t ion that it would run along the longitudinal r i m s of the t r a y , and 
could be p r e s s e d down over each sl ide to cut wel ls in the a g a r . The 
p e r i p h e r a l c u t t e r s of each r o s e t t e w e r e each a t a d i s tance of 7. 5 m m 
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f rom the c e n t r a l one , and each cut a c i r c u l a r wel l of d i a m e t e r 2 m m . 
The aga r r ema in ing in the wel ls was sucked out b y a g lass pipet te a t tached 
to a f i l ter pump. 

In opera t ion the aga r i s poured over 8 s l ides of s t anda rd t h i c k n e s s , 
al lowed to solidify, and then the wells a r e cut and the i r c e n t r e s sucked 
out. Antibody is put into the c e n t r a l well of each r o s e t t e , and ant igen 
into some or a l l of the outer wel ls by m e a n s of g l a s s m i c r o p i p e t t e s . The 
t r a y of s l ides is al lowed to stand in a w a t e r - s a t u r a t e d a t m o s p h e r e for 
the p r ec ip i t a t e s to develop. After t h i s , cuts a r e m a d e careful ly through 
the aga r a t the edges of each s l ide , and the s l ides a r e r e m o v e d f rom the 
t r a y . The s l ides and agar l a y e r s on t h e m a r e placed i n p e t r i d i shes con­
taining 0. 9% sodium chlor ide solution for 24 h r . Staining i s done for 
about 30 sec in a 5% solut ion of amido b lack in60% alcohol , and the s ta in 
is different iated for about 24 h r in a 2% solution of ace t i c acid in d is t i l led 
wa te r . The s l ides a r e then washed in tap water to r e m o v e the ac id . A 
photographic r e c o r d of the p rec ip i t a t e l ines m a y be m a d e a t th is s t age , 
and a v isual a s s e s s m e n t of the s t reng th and posi t ion of the l ines is m a d e . 

The agar is now dr ied in situ on the m i c r o s c o p e s l ides in an oven at 
50 C. Al t e rna t ive ly the l aye r of a g a r m a y be s e p a r a t e d f rom the m i c r o ­
scope sl ide and dr ied on a l an t e rn s l ide for d i r ec t p ro jec t ion , or d r i ed 
on a stiff, g lossy c a r d for fi l ing. During the s taining p r o c e s s the s l ides 
m u s t be handled careful ly in o r d e r not to loosen or d a m a g e the a g a r . 
The re is some danger of spli t t ing of the agar dur ing the drying p r o c e s s . 
Incorpora t ion of g lyce ro l into the ace t ic acid so lu t ionused for des ta in ing 
will p reven t this but m a k e s the a g a r somewhat s t icky . Some v e r y faint 
p rec ip i t in l ines a r e l iable to d i sappear dur ing the drying p r o c e s s . 

Reconstitution ol predator meals and testing 
Str ips of f i l ter paper c a r r y i n g the p reda to r m e a l s w e r e cut out and 

put into 2 m l centr ifuge tubes , and 1 m l of 0.9% sodium ch lor ide was 
added. The tubes w e r e al lowed to s tand for s e v e r a l h o u r s a t r o o m t e m ­
p e r a t u r e and then placed in a r e f r i g e r a t o r overnight to al low solution of 
the m a t e r i a l . Before tes t ing they were al lowed to s tand at r o o m t e m ­
p e r a t u r e for 30 m i n . 

The p e r i p h e r a l wel ls of each r o s e t t e w e r e filled with ant igen by g lass 
m i c r o p i p e t t e s and the cen t r a l wel ls were filled with a n t i s e r u m by the 
s a m e method . The m i c r o p i p e t t e s and tubes w e r e s t e r i l i s e d for r e - u s e 
by boiling in dilute hydroch lo r i c ac id and washing in d is t i l l ed "water. 

Control tests 
Reconst i tu ted ant igens as well a s f resh m a t e r i a l f rom winter mo th 

pupae r e a c t e d with the p r e p a r e d a n t i s e r u m at full s t r eng th . In addit ion, 
f r esh m a t e r i a l f rom pupae of the spec ies Erannis autantiaria (Esper) and 
E. defoliaria (Clerck) r e a c t e d with the p r e p a r e d a n t i s e r u m , but m u c h l e s s 
s t rongly . A n t i s e r u m from rabbi t 3 gave m u c h the s t ronges t r e a c t i o n s . 

It was t h e n n e c e s s a r y to a s c e r t a i n whether the a n t i s e r u m would r e a c t 
with pro te in r e c o v e r e d from the guts of p r e d a t o r s , and to d i scove r how 
long it took for the enzymat ic ac t ion in the (predator) guts to dena tu re 
the p ro te in so that it would not give the p rec ip i t in r e s p o n s e . 

In o rde r to t e s t t h i s , a number of Abax parallelepipedus which had been 
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s t a r v e d for a week, w e r e confined in p las t i c c o n t a i n e r s , each with a 
winter m o t h pupa. Feed ing was obse rved , and when the g r e a t e r p a r t of 
the pupa had been de s t royed , the r e m a i n s of the pupa w e r e r e m o v e d f rom 
the conta iner and a note was m a d e of the date and t i m e . Two spec imens 
of Abax w e r e ki l led eve ry 24 hr after feeding, and the i r guts were r e ­
moved , s m e a r e d onto f i l ter pape r , d r i ed and s to r ed . F o r t e s t ing , after 
al lowing t ime for the soluble gut contents to d i s so lve , d rops of this liquid 
w e r e t e s t ed aga ins t winter moth pupal a n t i s e r u m . It was found that the 
guts of those Abax which had been ki l led 24 hr after feeding gave the 
s t ronges t p rec ip i t in r eac t ion , and the r eac t i on d imin ished rap id ly with 
t i m e , so that it was only jus t d i s ce rn ib l e for those individuals ki l led 96 
hr after feeding. 

Spec imens of Pterostichus melanarius (111.) gave r e s u l t s ident ica l to those 
obtained from Abax s pec imens and it was a s s u m e d that spec imens of 
Pterostichus madidus (F . ) did not differ in this r e s p e c t . 

Spec imens of both Abax and Philonthus decorus fed on l a r v a e and pupae 
of Phormia rcgina (Meigen) gave no p rec ip i t in r e ac t i on with winter moth 
pupal a n t i s e r u m , showing both the d i s s i m i l a r i t y of this d ip te rous and 
winter moth p ro te in , and that it is not m e r e l y the p r e s e n c e of food in the 
p r e d a t o r gut which c a u s e s the r eac t ion , but the p r e s e n c e of winter moth 
p ro t e in which i s of i m p o r t a n c e . 

The p rec ip i t in r e a c t i o n of winter mo th a n t i s e r u m with winter moth 
ant igen, the l a t t e r e i ther f r e sh or f r e e z e - d r i e d and r econs t i t u t ed , gave 
2 s t rong l ines of p r e c i p i t a t e , and occas iona l ly a th i rd , weak one, p r o b ­
ably indicat ing tha tan t ibody had been fo rmed a g a i n s t m o r e than one p r o ­
te in . This fo rmat ion of m o r e than one line m a y have been an a r t i f ac t 
(Crowle 1961) due to change in t e m p e r a t u r e during the r eac t i on or to 
high ant ibody concen t ra t ion but, s ince it o c c u r r e d m a n y t i m e s during the 
c o u r s e of the e x p e r i m e n t s the f o r m e r explanat ion s e e m s l ikely. The 
quanti ty of antibody fo rmed aga ins t any one of these p ro te ins would p r o ­
bably be l e s s than if a s ingle pu re p ro te in had been injected, but t h e r e 
w e r e obvious difficulties in a t t empt ing to s e p a r a t e the va r ious winter 
moth p ro t e in s and it was u n n e c e s s a r y to do th is for the pu rposes of this 
s tudy. In ac tua l t e s t s of p r e d a t o r gut con ten t s , of c o u r s e a l l l ines w e r e 
found to be weaker than when us ing pu re ant igen, it was often found that 
t h e r e was one s t rong l ine and a second b a r e l y d i s c e r n i b l e . 

The ant igen p r e p a r e d f rom pupae of Erannis spec ies gave only one 
line which was in the s a m e posi t ion a s the s t ronges t l ine formed by win­
t e r moth ant igen, but weaker than t h i s , when t e s t ed aga ins t winter moth 
pupal a n t i s e r u m . The appa ren t s i m i l a r i t y of t he se p ro t e in s shown by the 
s i m i l a r pos i t ion of the p rec ip i t in l ines s e e m s to s t r e s s the affinity of the 
gene ra Operophtera and Erannis. It should be poss ib le to d is t inguish r e p ­
r e s e n t a t i v e s of the two gene ra by the difference in p a t t e r n of the l ines 
in the p rec ip i t i n r e a c t i o n if the i r an t igens w e r e concen t ra t ed enough, 
but the ant igens r e c o v e r e d f rom p r e d a t o r guts w e r e di lu te . A l a rge 
amount of Erannis p ro t e in taken f rom a p r e d a t o r gut could be confused 
with a much s m a l l e r amount of winter moth p r o t e i n f r o m a s i m i l a r s o u r c e . 
In this expe r imen t it was n e c e s s a r y to cons ide r that a s m a l l p ropor t ion 
of the posi t ive r e a c t i o n s was due to gene ra r e l a t e d to Operophtera . The 
s m a l l n e s s of this p ropor t i on was p a r t l y because of the g rea t n u m e r i c a l 
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s u p e r i o r i t y of winter moth l a r v a e over those of r e l a t e d genera in 1964 
and 1965 at Wytham, and pa r t ly because Opcrophtcru ant igens gave much 
s t ronge r r eac t i ons with Opcrophtcra a n t i s e r u m than did those of r e l a t e d 
gene ra . These l a t t e r r e a c t i o n s , in m a n y c a s e s , w e r e probably not d e ­
tec ted . 

A f a c t e m e r g i n g i s t h a t Philonthus ducorus , Quedius lateralis ( F . ) a n d Nebria 
brcvicollis (F. ) fed on adult winter moth in November 1964, and subsequent ly 
t e s t ed aga ins t winter moth pupal a n t i s e r u m did not give any indicat ion 
of a p rec ip i t in r eac t i on . S imi la r ly , an ex t r ac t of adult winter moth p r e ­
pa red in D e c e m b e r 1965 did not r e a c t with pupal a n t i s e r u m , whils t f r e sh 
pupal ant igen p r e p a r e d on da tes up to the middle of November continued 
to give a s t rong r eac t i on . It m u s t be concluded that t h e r e is a r ap id 
change in p ro te in s t r u c t u r e jus t p r io r to adult e m e r g e n c e , or that the 
p ro te ins to which ant ibodies a r e formed lie in the pupal in tegument . The 
f o r m e r s e e m s to be the m o r e l ikely because the a n t i s e r u m was p r e p a r e d 
aga ins t the w a t e r - s o l u b l e p ro t e in s of the winter m o t h pupa, and the p r o ­
te ins of the pupal wall m u s t be highly inso lub le . 

The c r i t i c i s m that antibody m a y be fo rmed aga ins t plant m a t e r i a l 
in the gut of the winter moth l a r v a , and p r e s e n t in the pupa, and which 
m a y a l so be p r e s e n t in the guts of suspec ted p r e d a t o r s , thus giving an 
immune r e s p o n s e , can be d i s m i s s e d . The winter mo th l a r v a evacua tes 
i ts gut before pupation (Gradwel l ,per sonal communica t ion) . If this were 
not the ca se then va r ious plant m a t e r i a l s would have to be t e s t e d a g a i n s t 
the pupal a n t i s e r u m . 

It was found on tes t ing the p r e d a t o r gut contents with undiluted an t i ­
s e r u m , that other components of the s e r u m in addi t ion to gamma glob­
ulins tended to be deposi ted a round the antibody wel l , and t he se to some 
extent obscured the p rec ip i t a t e l i n e s . Because of t h i s , a solut ion of 
gammaglobu l ins was p r e p a r e d by adding a s a t u r a t e d so lu t ion of a m m o ­
nium sulphate to whole s e r u m (giving a concen t ra t ion of about 50%) to 
p rec ip i t a t e the g a m m a globul ins , which w e r e then centr i fuged down and 
r e d i s s o l v e d in 0. 9% sodium ch lo r ide . In a l l e x p e r i m e n t s whole s e r u m 
was put into the c e n t r a l well of one r o s e t t e of each s l ide , and g a m m a 
globulins into the cen t r a l well of the other r o s e t t e . This would indicate 
whether t h e r e w e r e any ant ibodies p r e s e n t which w e r e not gamma glob­
ul ins and it a l s o h e l p e d in or ienta t ing the s l ide after the s ta ining p r o c e s s . 

A plan of the d i s t r ibu t ion of the r e a g e n t s was d r a w n a t the beginning 
of each t e s t , and the p rec ip i t in l ines w e r e d rawn on this when they b e ­
c a m e appa ren t . I found it p r e fe rab l e to u s e only t h r e e of the outer wel ls 
of each r o s e t t e for the p rec ip i t in l ines to be at the i r c l e a r e s t . 

Absorption techniques 

An absorp t ion technique was used by D e m p s t e r (I960) to m a k e his 
a n t i s e r u m m o r e specific to the p ro te in of h i s p r ey s p e c i e s . He found 
that the p rec ip i t in r eac t ion of his p r e y s p e c i e s , Phytodecta olivacea F o r s t . 
was about 400 t i m e s as s t rong as the r eac t i on to the Phytodecta a n t i s e r u m 
of Coccinella septempunctata L. , which a l so o c c u r r e d in his s tudy a r e a . He 
the re fo re added jus t sufficient Coccinella m a t e r i a l to p r ec ip i t a t e the a n t i ­
bodies to i t , and then used the s e r u m for his p rec ip i t i n r e a c t i o n s . A 
sl ight exces s of Coccinella would g rea t ly r educe the sens i t iv i ty of the s e r -



102 Serologica l Method 

u m to Phytodecla. 

This method would have p r e s e n t e d p r o b l e m s in the p r e s e n t expe r i ­
m e n t because of the s e v e r a l r e l a t e d genera p r e s e n t . Adequate sensi t iv i ty 
was obtained without i t . After p rec ip i t a t ion from the s e r u m of antibody 
m a t e r i a l common to the winter moth and to the var ious spec ies of Erannis 
and other r e l a t e d genera p r e s e n t in the study a r e a , the ant ibodies r e ­
main ing in the s e r u m would probably produce v e r y weak r eac t ions with 
winter moth pupal an t igens . T h e r e would b e p r a c t i c a l difficulties in p e r ­
forming a c c u r a t e l y a s e r i e s of absorp t ion r e a c t i o n s . The population of 
Erannis in the study a r e a was much s m a l l e r than that of the winter moth 
so that i ts effects could be l a rge ly ignored . 

RESULTS 

Of 122 Abax parallelepipedus t aken dur ing the t ime the winter moth was 
in the pupal s ta te dur ing 1964 and 1965, 21 gave a posi t ive prec ip i t in 
r eac t ion , indicat ing that they had fed on winter moth pupae not m o r e than 
4 days before they were cap tu red . Six of 226 Philonthus decorus taken under 
s i m i l a r condit ions had fed not m o r e than 3 days before they were c a p ­
tu r ed . The per iod after which winter moth pupal r e m a i n s were no longer 
de tec tab le in Philonthus decorus was found to be 3 days , a sho r t e r t ime than 
for the ca rab id spec ies t e s t ed . This -is probably c o r r e l a t e d with the 
fact that the food of Philonthus decorus is inges ted in liquid form and is m o r e 
eas i ly d iges ted . T h r e e of 18 Pterostichus madidus and 1 of 5 Ptcrostichus 
melanarius had fed within 4 days on winter mo th pupae . No other spec ies 

of bee t le and no bee t le l a rvae gave posi t ive r e s u l t s , but a m a l e and a 
female of the vole Clethrionomys glareolus Schr . taken in May 1965 w e r e both 
shown to have fed on winter mo th . U s i n g t h e s e f igures and the population 
s i zes of the bee t l es it was poss ib le to e s t ima te the number of winter moth 
pupae taken in a unit a r e a by each spec ies of p r e d a t o r , the number of 
winter mo th pupae per uni t a r e a having a l r e a d y been e s t ima ted (F rank 
1967). 

DISCUSSION 

The winter mo th p ro te in giving the p rec ip i t in r eac t ion s e e m s to be 
a complex of s e v e r a l p ro te ins b e c a u s e , in wel l-def ined r e a c t i o n s , t h r ee 
d i s t inc t l ines of p r ec ip i t a t e could be seen . T h e r e a r e techniques for the 
s e p a r a t i o n of p ro te ins in such s y s t e m s . Moving boundary e l ec t ro p h o re s i s 
and zone e l e c t r o p h o r e s i s can be u s e d only when fa i r ly l a r g e quant i t ies 
of the r e a g e n t s a r e ava i l ab le . They al low p ro te ins to be dis t inguished 
by the r a t e a t which these m i g r a t e towards an e l ec t rode in a conducting 
solut ion. 

The method of I m m u n o e l e c t r o p h o r e s i s (Will iams I960) s e p a r a t e s 
the p rec ip i t in l ines of the va r ious p ro t e in s p r e s e n t . An agar plate is 
u sed with a c e n t r a l , longitudinal t rough filled with antibody. The antigen 
is p laced in two we l l s , one on ei ther side of the t rough, and the var ious 
p ro t e in s in the ant igen diffuse in a longitudinal d i r ec t ion because of e l e c -
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t r o d e s placed at e i ther end of the p la te . The antibody diffuses outwards 
towards the ant igen, and p rec ip i t in a r c s a r e fo rmed in va r ious posi t ions 
on the pla te depending upon the p ro te ins p r e s e n t . B y c o m p a r i n g the p o s i ­
t ions of the a r c s , it is poss ib le to d e t e r m i n e whether two ant igens a r e of 
the s a m e compos i t ion . This method would be of value in compar ing the 
p ro te ins p r e s e n t in c l o s e l y - r e l a t e d lep idopterous pupae, such as those 
of Erannis and Operophtera, in an ini t ia l s tudy. It would be too t ime con­
suming to use in rout ine sampl ing such as was done by s imple diffusion. 

In the p r e p a r a t i o n of the a n t i s e r u m the inco rpora t ion of the ant igen 
in a w a t e r - i n - o i l emuls ion p r e p a r e d f rom paraffin oil ( e . g . Bayol ' F ' ) 
and A r l a c e l (mannide monooleate) enhances and sus t a ins antibody fo r ­
mat ion and the a l t e r a t i on of sens i t i s a t ion m a y occur concomi tan t ly , but 
they appear to be d is t inc t (Freund et al. 1948). The immune r e s p o n s e is 
not potent ia ted when vegetable oil is subst i tu ted for paraffin oil , nor when 
the ant igen is a d m i n i s t e r e d in an o i l - i n - w a t e r emuls ion . 

Demps t e r (I960) used 0. 4% po ta s s ium a lum to p rec ip i t a t e the soluble 
pro te ins so that they should diffuse m o r e slowly into the blood s t r e a m 
of the rabbi t and thus sus ta in antibody fo rmat ion , a method d e s c r i b e d by 
P r o o m (1943). 

The fac tors in promot ing and sus ta in ing the i m m u n e r e s p o n s e a r e 
probably prolonged absorp t ion as wel l as the p ro tec t ion of an t igens aga ins t 
des t ruc t ion and e l iminat ion , favourable ce l lu la r r e ac t i ons about the an t i ­
genic depots , and the product ion of mul t ip le foci of ant ibody fo rmat ion 
in lymph nodes (Freund et al. 1948). 

The t e s t m e t h o d u s e d b y D e m p s t e r (I960) was to d raw a s m a l l volume 
of the s m e a r ex t r ac t into a c ap i l l a ry tube , followed by an equal volume 
of the a n t i s e r u m . Because of dens i ty d i f ferences an in te r face i s p roduced 
where a white p rec ip i t a t e of antibody combined with ant igen fo rms and 
is viewed by ind i rec t light aga ins t a b lack background . C la r i t y of the 
l iquids is e s sen t i a l for sa t i s fac to ry r e s u l t s . The method has s e v e r a l 
d i sadvan tages . The p rec ip i t a t e formed is not p e r m a n e n t , and for r e c o r ­
ding pu rposes i t is n e c e s s a r y to photograph the cap i l l a ry tubes and the i r 
con ten ts . The l ayer ing of the a n t i s e r a m u s t be done with e x t r e m e c a r e 
to obtain s h a r p in te r fac ia l d ivis ion. J a r r i n g of the tubes should be a -
voided; v e r y fine p r e c i p i t a t e s eas i ly become diffuse and m a y be los t due 
to c a r e l e s s n e s s . 

Oudin used a s i m i l a r method, but coated the i n t e r i o r of the tubes 
with a layer of agar (Will iams I960). A layer of p rec ip i t a t e f o rms in 
the agar and is l e s s e p h e m e r a l t h a n i n the f i r s t method d e s c r i b e d . When 
s e v e r a l ant igen - antibody s y s t e m s a r e p r e s e n t , s e v e r a l l a y e r s of p r e ­
cipi ta te form at different levels in the tube depending upon the r a t e s at 
which the ant igens diffuse into the a g a r . The d rawbacks a r e the difficul­
t ies inheren t in the l aye r ing of the l iquids and in the placing of the agar 
coating, and a l so in obtaining a p e r m a n e n t r e c o r d . 

Leone (1947) followed Boyden and Defalco (1943) in us ing a m o r e 
e labora te method which has some of the d rawbacks of the method used 
by Demps te r (I960), but gives a quanti ta t ive m e a s u r e m e n t . He used the 
Libby pho t ronre f l ec tomete r to m e a s u r e the turb id i ty of the p rec ip i t in 
r eac t ion (Libby 1938). H e r e i t is n e c e s s a r y to dilute the a n t i s e r a by an 
app rop r i a t e factor because of the weakness of the i n sec t an t igens . A 



104 Serologica l Method 

d isadvantage was that the exact p ro t e in concen t ra t ion had to be known in 
al l ant igen solut ions in o r d e r for the r e a c t i o n t i t r e s to be c o m p a r a b l e . 

The technique developed by Ouchter lony (Wil l iams I960) al lows an t i ­
gen and ant ibody to diffuse into an aga r - f i l l ed p e t r i dish which or ig ina l ly 
conta ins ne i ther r e a g e n t . Smal l wel ls a r e cut in the aga r and a few drops 
of the ant igen and antibody solut ions a r e placed in t h e s e . The ant igen 
and antibody diffuse outwards towards each other at r a t e s in p ropor t ion 
to t he i r concen t ra t ion and diffusion coeff ic ients . Where the ant igen en ­
coun te r s i t s specific antibody a l ine or p r ec ip i t a t e f o r m s . The l ines for 
different ant igens a r e d i s t inc t ly s e p a r a t e d because of d i f ferences in dif­
fusion r a t e . This c l ea r s e p a r a t i o n of l ines m a k e s it poss ib le to d i s t i n ­
guish m o r e r e a c t i o n s by this technique than with the Oudin t u b e s . 

Var ious modif ica t ions of this bas i c Ouchter lony concept have been 
u sed . Wadsworth (1957) devised a mic ro - immunod i f fus ion technique , 
which was fur ther modif ied by Crowle (1958), based on the u s e of a t e m ­
plate for cutting wel ls in the a g a r . F e i n b e r g (1964) fur ther modified this 
by floating a p a t t e r n - p e r f o r a t e d disc of thin, r ig id , t r a n s p a r e n t p las t ic 
onto mol t en a g a r , and then allowing the agar to solidify in contact with 
the d i s c . The disc is not subsequent ly r e m o v e d f rom the a g a r , and the 
r eagen t s a r e appl ied at the a p e r t u r e s of the d isc where agar is exposed. 
The difference be tween this method and that of Wadsworth and Crowle is 
that no holes a r e cut in the a g a r , and the d isc does not need to be of such 
th ickness as to supply wel ls to contain the r e a g e n t s . Ant igens and an t i ­
bodies l ie on the exposed aga r and will n o t u n d e r - r u n the d isc because of 
the effective sea l fo rmed . 

Another me thod u s e s a s i m i l a r technique to that of Wadsworth and 
Crowle , but with ce l lu lose ace ta t e ins tead of a g a r . The ce l lu lose a c e ­
ta te s t r i p s u sed c a n b e handled with l e s s r i s k of damage during the s t a in ­
ing p r o c e s s than can agar (Johnson et al. 1964). 
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