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SEROLOGICAL STUDIES OF MOTH PROTEINS WITH SPECIAL 

REFERENCE TO SPECIFIC IMMUNE BODIES AND 

THEIR PHYLOGENETIC SIGNIFICANCE

INTRODUCTION

The s i g n i f i c a n c e  a t t a c h e d  to  im m u n o lo g ic a l r e a c t i o n s  and  e s p e c i a l l y  

to  t h e  s o - c a l l e d  s p e c i f i c  immune body i n  im m u n o lo g ica l r e a c t i o n s  o f  v a r ­

io u s  b a c t e r i a  h a s  been  p r e s e n te d  by K rum ireide and N oble ( 1 2 ) ,  H e id e lb e rg e r  

and  A very  ( 8 ) ,  G unn ison  and  S h o en h o lz  ( 6 ) ,  H itc h c o c k  (1 1 ) ,  Sugg and N e i l l  

( 2 0 ) ,  L a n c e f le ld  ( 1 6 ) ,  and  o t h e r s .  The p r e s e n c e  o f  t h e s e  b o d ie s  i n  t h e  

h ig h e r  fo rm s h a s  b een  d e m o n s tra te d  by L a n d s te ln e r  (15) i n  h i s  work on 

h o r s e  s a l i v a .

A s p e c i f i c  Immune body h a s  been  i s o l a t e d  from  c o l l e c t i o n s  o f  F e l t l a  

d u c e n s  W lk. b e lo n g in g  to  t h e  f a m ily  P h a la e n id a e . The w r i t e r  h a s  d e m o n s tra ­

t e d  t h a t  th e  p r e c i p i t i n  r e a c t i o n  c a n  be u se d  to  d e te rm in e  a  p h y lo g e n e t ic  

r e l a t i o n s h i p  betw een  m em bers o f  t h i s  g ro u p .

T h e re  h a s  been  l i t t l e  work done  on  t h e  s p e c i f i c  immune b o d ie s  

o c c u r r in g  in  members o f  v a r io u s  p h y la  o f  t h e  a n im a l kingdom  and no a v a i l ­

a b l e  l i t e r a t u r e  a s  r e g a r d s  such  w ork on i n s e c t s .

Krum wiede and  N oble  (12 ) d e s c r ib e d  a  r a p i d  m ethod f o r  t h e  p r o d u c t io n  

o f  p r e c i p i t i n  a n t ig e n  from  b a c t e r i a .  H e id e lb e rg e r  an d  A v ery  (8 ) de­

s c r i b e d  a  m ethod u se d  i n  o b t a in in g  th e  s o lu b le  s p e c i f i c  s u b s ta n c e  from  

Pneum ococcus i n  w hich  th e y  i s o l a t e d  t h e  s o lu b le  s p e c i f i c  s u b s ta n c e  by 

th e  c o n c e n t r a t io n  o f  b r o th  c u l t u r e s ,  p r e c i p i t a t i o n  w ith  a l c o h o l ,  r e p e a te d
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r e - s o l u t i o n  and  p r e c i p i t a t i o n .  T h is  was fo llo w e d  by  a  c a r e f u l  s e r i e s  

o f  f r a c t i o n a l  p r e c i p i t a t i o n s  w ith  a lc o h o l  o r  a c e to n e  a f t e r  a c i d i f i c a t i o n  

o f  t h e  s o l u t i o n  w ith  a c e t i c  a c id  and  r e p e a te d  f r a c t i o n a l  p r e c i p i t a t i o n  

w ith  ammonium s u lp h a t e  and  d i a l y s i s  o f  t h e  aq u eo u s  s o l u t i o n  o f  th e  

a c t i v e  f r a c t i o n s .  T h e i r  m a t e r i a l  c o n ta in e d  1 .2  p e r  c e n t  o f  n i t r o g e n  

and  y ie ld e d  79 p e r  c e n t  o f  r e d u c in g  s u g a r s  on h y d r o ly s i s .  The m a t e r i a l  

g av e  a  s p e c i f i c  r e a c t i o n  in  a  d i l u t i o n  a s  h ig h  a s  1 :5 ,0 0 0 ,0 0 0 .

L a n d s te in e r  and L evene (14) o b ta in e d  an  a c t i v e  s u b s ta n c e  from  

d r i e d  h o r s e  k id n e y s  w hich  i n h i b i t e d  h e m o ly s is  i n  h ig h  d i l u t i o n s .  B a l ls  

(2 ) fo u n d  a  c o n s id e r a b le  d e g re e  o f  s p e c i f i c i t y  i n  i d e n t i f y i n g  c e r t a i n  

y e a s t s  w ith  t h e  p r e c i p i t i n  t e s t .  He s u g g e s te d  t h a t  a  g ro u p in g  o f  n e a r ly  

r e l a t e d  s p e c i e s  c o u ld  b e  made by t h i s  m e th o d . The p r e c i p i t i n  r e a c t i o n  

was fo u n d  t o  b e  h ig h ly  s p e c i f i c  f o r  two ty p e s  o f  B a c i l l u s  b o tu l ln u s  van 

Ermengem and  f o r  th e  s u b -g ro u p s  w i th in  th o s e  ty p e s  by  G unn ison  and 

S c h o e n h o lz  ( 6 ) .

H ek toen  (10 ) w orked w ith  th e  p r e c i p i t i n  r e a c t i o n  on  body c o n s t i ­

t u e n t s  and  fo u n d  t h a t  serum  p r o t e i n s ,  h e m o g lo b in , and  s p e c i f i c  p r e ­

c ip i t i n o g e n  i n  serum  w ere  fo u n d  to  b e  s p e c i f i c  f o r  t h e  s p e c i e s .  L and- 

s t e i n e r  and  L evene (14) w ork ing  on  a l c o h o l i c  e x t r a c t s  fro m  h o r s e  k id n e y s  

o b ta in e d  a  w a te r  s o lu b le  s u b s ta n c e  w hich  th e y  p u r i f i e d  w i th  p y r id i n e ,  

c h lo ro fo rm , and  a l c o h o l .  The f i n a l  r e s i d u e  was h y d ro ly z e d  w ith  s u lp h u r ic  

a c id  and th e  aq u eo u s  s o l u t i o n  o f  th e  p r o d u c t  o f  h y d r o ly s i s  was t i t r a t e d  

w ith  F e h l in g 1S s o l u t i o n  g iv in g  a  r e d u c t io n  c o r re s p o n d in g  t o  28 mg. o f  

g lu c o s e .  H itc h c o c k  (11 ) i n  h i s  work on t h e  s e p a r a t i o n  o f  a  s e r o l o g ic a l
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g ro u p  d e s c r ib e d  a  m ethod in  w h ich  h e  u s e d  sodium  h y d ro x id e  to  e x t r a c t  

t h e  a n t i g e n ic  s u b s ta n c e  from  s t r e p t o c o c c i .  Ando ( I )  u se d  a  m o d if ic a t io n  

o f  H e id e lb e r g e r ’ s  and A v e ry 's  m ethod i n  w ork ing  w ith  s t r e p to c o c c u s  

v i r i d a n s  S c h o tm u lle r ,  B a c i l l u s  d y s e n te r l a e  S h ig a , and  B a c i l l u s  m a l le i  

H o e f le r  and  S c h u tz  and s u g g e s te d  i t s  u s e  i n  th e  d ia g n o s is  o f  g la n d e rs *  

E n d e rs  (5 ) fo u n d  a  t y p e - s p e c i f i c  s u b s ta n c e  i n  th e  a u t o l y t i c  p r o d u c ts  

o f  Type I  pneum ococci d i s t i n c t  from  th e  s p e c i f i c  c a rb o h y d ra te s *  He d i s ­

t i n g u i s h e d  i t  fro m  th e  c a rb o h y d r a te s  by  th e  f a c t  t h a t  i t  w as n o t  s t a b l e  

when b o i le d  i n  w eak ly  a l k a l i n e  s o lu t io n *  T i l l e t ,  G o e b e l, and  A very (21) 

w orked on  t h e  c h e m ic a l  and  im m u n o lo g ica l p r o p e r t i e s  o f  a  s p e c i e s - s p e c i f i c  

c a rb o h y d r a te  o f  pneum ococci*  They su sp en d e d  th e  o rg a n ism s  i n  50 cc* o f  

s a l i n e  and b ro k e  them  down by r e p e a t e d l y  f r e e z in g  and  th a w in g  th em . The 

f i n a l  s o lu t i o n  a f t e r  t r e a tm e n t  w ith  a c e t i c  a c id  and sodium  h y d ro x id e  

c o n ta in e d  f r a c t i o n  C w hich  was found  to  b e  n o n - s p e c i f i c .

Sugg and N e i l l  (2 0 ) d e s c r ib e d  a  m ethod f o r  th e  e x t r a c t i o n  o f  a n t i ­

g e n s  i n  t h e i r  s t u d i e s  on  th e  r e l a t i o n s h i p s  among th e  pneum ococci i n  w hich  

th e  a n t ig e n  was p r e p a r e d  by b o i l i n g  c e l l s  i n  *05 n o rm al HCl and  a d d in g  

a c e t i c  a c id  to  p r e c i p i t a t e  th e  p r o t e i n s .  The a c t i v e  s u b s ta n c e  was th e n  

p r e c i p i t a t e d  w ith  a lc o h o l*

L a n d s te in e r  ( 1 5 ) ,  w ork ing  on h o r s e  s a l i v a ,  o b ta in e d  an  a c t i v e  su b ­

s ta n c e  by  t r e a tm e n t  w i th  a c id  and a c e to n e  and  f r a c t i o n a t i o n  w ith  a lc o h o l ,  

w h ich  g av e  a  weak b i u r e t  r e a c t i o n  an d  on h y d r o ly s i s  y i e ld e d  48,5%  re d u c in g

s u g a r .
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Z ozaya and  Wood (24 ) found  t h a t  t h e  p o ly s a c c h a r id e  an d  th e  " n u c le o -  

p r o t e l n "  o b ta in e d  from  d i f f e r e n t  ty p e s  o f  m e n in g o c o c c i, g o n o c o c c i, and 

M ic ro c o cc u s  e a t a r r h a l i s  P f e i f f e r ,  had  s i m i l a r  im m u n o lo g ica l p r o p e r t i e s  

and  w ere n o t  t y p e - s p e c i f i c .  They a l s o  fo u n d  t h a t  th e  c a r b o h y d r a te -  

p r e c i p i t a b l e  s u b s ta n c e  i n  immune s e r a  a p p e a re d  i n  th e  f o u r t h  m onth o r  

m ore i n  t h e  im m u n iz a tio n  o f  a n im a ls .

Z ozaya (22 ) showed t h a t  p o ly s a c c h a r id e s  ca n  be  r e n d e r e d  a n t i g e n ic  

by h a p to g e n ic  a d s o r p t io n  upon a  c o l l o i d  c a r r i e r .  W ith t h e  p o ly s a c c h a r id e  

o f  Type I I I  pneum ococci h e  was u n a b le  w ith  h i s  m ethod o f  im m u n iza tio n  o f  

r a b b i t s  i n  s i x  w eeks t o  p ro d u c e  an y  d e t e c t a b l e  p r o t e c t i v e  a n t i b o d ie s ,  

b u t  was a b le  t o  p ro d u c e  a n t i c a r b o h y d r a t e  a n t i b o d i e s .  A l l  o f  t h e  b a c t e r i a l  

c a rb o h y d r a te s  w ere n o n - a n t lg e n lc  when u s e d  a lo n e .  Z ozaya (23) a l s o  fo u n d  

t h a t  th e  s y n t h e t i c  p o ly s a c c h a r id e  p ro d u c e d  by  L e u co n o sto c  m e s e n te r io id e s  

(C ien k o w sk i) Van Tiegheen from  s a c c h a r o s e ,  r e a c t e d  lm m u n o lo g ic a lly  w i th  

a n t i s e r a  from  p n eu m o co cc i, some o f  th e  S a lm o n e lla  and  some o f  th e  ty p e s  

o f  S tr e p to c o c c u s  v l r l d a n s  B a rg e n . He s a y s  f u r t h e r ,  " t h i s  im m u n o lo g ica l 

r e l a t i o n s h i p  i s  in d e p e n d e n t o f  th e  s p e c i f i c  a n t i p o ly s a c c h a r i d e  a n t i ­

b o d ie s  o f  t h e s e  s e r a ,  s u g g e s t in g  t h e  e x i s t e n c e  o f  a  d i s t i n c t  a n tib o d y  

p ro d u c e d  by a n  a c t i v e  g ro u p  o f  t h e  s p e c i f i c  b a c t e r i a  p o ly s a c c h a r id e ,  

w hich  i s  s i m i l a r  o r  i d e n t i c a l  to  th e  a c t i v e  g roup  o f  th e  d e x t r a n  p o ly ­

s a c c h a r id e . "  "T h e se  f in d i n g s  w a r ra n t  th e  g e n e r a l i z a t i o n  t h a t  a n t ig e n s  

n e e d  n o t  be  o f  a  com plex  p r o t e i n  n a tu r e ,  b u t  t h a t  some s u b s ta n c e  o f  a  

c o l l o i d  n a tu r e  i s  r e s p o n s i b le  f o r  a n t i g e n i c i t y .  The c o l l o i d  may in  

c e r t a i n  c a s e s  b e  a  p r o t e i n ,  b u t  an y  c o l l o i d  w hich  can  a d s o rb  th e  s p e c i f i c
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p r i n c i p l e  can  s u f f i c e .  The p h y s ic a l  a t ta c h m e n t  o f  th e  s p e c i f i c  

p r i n c i p l e  to  th e  c o l l o i d  c a r r i e r  m akes t h e  c o m b in a tio n  a n  a n t i g e n .

In  t h e  c a s e  o f  p u re  p r o t e i n s ,  we no d o u b t h a v e  a  s p e c i a l  r a d i c a l  in  

th e  w h o le  m o le c u le  w hich  i s  th e  a c t i v e  g ro u p  and  g iv e s  t h e  a n t ib o d y  

i t s  s p e c i f i c i t y . "

H e i ld e lb e r g e r  and  K e n d a ll  (9 ) found  f r a c t i o n s  w h ich  y ie ld e d  

s p e c i f i c  p r e c i p i t a t e s  w i th  Type I I I  an tip n e u m o c o c c u s  h o r s e  serum  b u t  

f a i l e d  to  p r e c i p i t a t e  hom ologous r a b b i t  a n t i s e r a ,  g iv in g  r i s e  o n ly  to  

s p e c i f i c  i n h i b i t i o n .

L a n c e f ie ld  (16 ) showed t h a t  th e  h e m o ly tic  s t r e p to c o c c i  can  be  

d i f f e r e n t i a t e d  s e r o l o g i c a l l y  by m eans o f  t h e  p r e c i p i t i n  r e a c t i o n  in to  

d i s t i n c t  and  s h a r p ly  d e f in e d  g ro u p s  w hich  a r e  n o t  d i s c l o s e d  by th e  

a g g l u t i n a t i o n  r e a c t i o n .  She u sed  h e a t  and  h y d r o c h lo r ic  a c id  e x t r a c t s  

o f  t h e  m ic ro o rg a n ism s  and  th e  s e r a  o f  r a b b i t s  im m unized w ith  f o r m a l ln -  

I z e d  c u l t u r e s .

MATERIALS AHD METHODS

The m o ths b e lo n g in g  t o  t h e  f a m i ly  P h a la e n id a e  (N o e tu id a e )*  w ere 

o b ta in e d  fro m  th e  D ep artm en t o f  E n tom ology , M ontana A g r i c u l t u r a l  E x p e r i­

m ent S t a t i o n ,  and  w ere  c o l l e c t e d  i n  t h e  s t a t i o n  l i g h t  t r a p s  i n  v a r io u s  

p a r t s  o f  M o n tan a . The sp ec im en s  u se d  w ere  checked  to  g en u s  and s p e c ie s  

by  D r. H. E . W all o f  t h e  D ep artm en t o f  E n tom o logy . The s p e c i e s  u sed  

w e re :

Euxoa a lb l p e n n i s  G r t .

♦ L e p id o p te ra
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Euzoa g u a d r ld e n ta t a  G.&R.

Euzoa t r l s t i c u l a  M orr•

F e l t l a  v e n e r a b l l l s  a r l d a  C k l l e 

F e l t l a  d u c e n s  Wlk.

F e l t l a  yan eo u v e r e n s l s G r t .

S ld em la  d e v a s t a to r  B race  

A g r o t la  y p a l lo n  I t o t t e 

A g r o t l s  o r th o g o n la  M orre 

S p a e l o t l s  h a v l l a e  G r te 

P r o t a g r o t l a  n lv e lv e n o s a  G r te 

S ta e r ln th u s  c e r i s y l  K irb y  

Y a n essa  o a rd u l  L e 

Scotogram m a t r l f o l l l  R o t t e 

E u m lc h tls  Io d a  S t k r e 

H ypocoena r u f a s t r l g a t a  P a c k e 

A u to g rap h a  b r a s s i e a e  R i le y  

A u to g ra p h s  c a l l f o m i c a  S p e y e re 

H e l i o t h l s  o b s o l e t e  F a b re 

C h o r iz a g r o t l s  a u z l l l a r l s  G r t e

The sp e c im en s  w hich  h a d  n o t  b e e n  h e ld  lo n g  enough t o  become d ry  w ere 

d r i e d  i n  an  oven  w ith  th e  te m p e ra tu re  a t  57* C» o r  Io w e re O nly th e  

t h o r a c e s  o f  t h e  m oths w ere u se d  i n  t h e  e x p e r im e n ts  b e c a u s e  o f  th e  f a c t  

t h a t  t h e  g r e a t e s t  d e v e lo p m en t o f  m u sc le s  o c c u r s  in  t h i s  body d i v l s l o n e 

The l e g s  and  w ings w ere rem oved to  a v o id  t h e  c h i t in o u s  m a t e r i a l  o f  w h ich
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th e y  c h i e f l y  c o n s i s t .  The abdomen was rem oved to  av o id  t h e  p o s s i b i l i t y  

o f  i n t e r f e r e n c e  o f  f a t s ,  o i l s ,  and i n t e s t i n a l  c o n te n t s  w i th  t h e  r e ­

a c t i o n s .  The h ead  was rem oved i n  o r d e r  t o  a v o id  th e  p o s s i b i l i t y  o f  

t h e  p r e s e n c e  o f  an  o rg a n  s p e c i f i c  s u b s ta n c e  w hich m ig h t i n t e r f e r e  w ith  

th e  r e a c t i o n  o f  th e  s p e c i e s  s p e c i f i c  s u b s ta n c e .

In  o r d e r  to  rem ove th e  a p p e n d ag e s  from  th e  th o r a x ,  each  m oth was 

h e ld  w ith  t h e  th o r a x  b e tw een  th e  thumb and  f o r e - f i n g e r  and  r o l l e d  in  

su c h  a  m anner t h a t  t h e  ap p en d ag es  w ere  b ro k en  o f f .  R o l l in g  i n  f r o n t  o f  

a n  e l e c t r i c  f a n  g r e a t l y  f a c i l i t a t e d  th e  m r k .

E x p e rim en t w i th  P h y s io lo g ic a l  S a l in e  E x t r a c t

The th o r a c e s  w ere  g round  up  a s  f i n e  a s  p o s s ib l e  w ith  a  m o r ta r  and 

p e s t l e .  The g round  m a t e r i a l  was e x t r a c t e d  w ith  p h y s io l o g i c a l  s a l i n e  

f o r  two days i n  t h e  r e f r i g e r a t o r  a t  a  te m p e ra tu re  o f  3* t o  6* C. b e fo r e  

each  i n n o c u l a t i o n .  The d e t a i l s  o f  t h e  r a b b i t  im m u n iz a tio n  a r e  g iv e n  

i n  T a b le  I .

The r a b b i t s  w ere b le d  a s e p t i c a l l y  fro m  th e  h e a r t  s i x  d a y s  a f t e r  

th e  l a s t  i n n o c u l a t i o n .  The serum  was s e p a r a te d  i n to  s t e r i l e  tu b e s  and 

p la c e d  i n  th e  r e f r i g e r a t o r .
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TABLE I

RABBIT IMMUNIZATION

Number o f  i n n o c u la t i o n  and  am ount o f  inocu lum
F h a la e n id a e

Iuxoa
a lb ip e n n i s

Euxoa
q u a d r id e n ta t a

Euxoa 
t r i s t i c u l a

F e l t i a
v e n e r a b i l i s  a r i

•  Ol

F e l t i a
d u cen s o v

F e l t i a
v a n c o u v e re n s is

S idem ia

♦ R a b b it  No. 3  d ie d  a f t e r  th e  f i r s t  in n o c u la t io n

P h y s io lo g ic a l  s a l i n e  (*85# N aC l) e x t r a c t s  o f  th e  11 specim ens 

l i s t e d  i n  T a b le  I I  w ere  made by p la c in g  100 mg. o f  t h e  g ro u n d  th o r a c e s  

and  2 c c .  o f  s a l i n e  i n  w eighed  c e n t r i f u g e  t u b e s .  T h ese  w ere  k e p t  i n  th e  

r e f r i g e r a t o r  f o r  24 h o u rs  a f t e r  w hich  th e y  w ere  c e n t r i f u g e d  and a s  much 

a s  p o s s ib l e  o f  th e  s u p e r n a ta n t  l i q u i d  p i p e t t e d  i n t o  l a b e l l e d  t u b e s .  The 

r e s i d u e s  w ere  th o ro u g h ly  d r i e d  and  w e ighed  to  d e te rm in e  t h e  l o s s  in  

w e ig h t Id iic h  was c o n s id e re d  a s  th e  w e ig h t o f  t h e  m a t e r i a l  e x t r a c t e d .  The 

d i l u t i o n s  w ere made from  th e s e  w e ig h ts  w i th  c o r r e c t i o n s  f o r  th e  w e ig h t 

o f  t h e  sodium  c h l o r i d e .

Tubes i n  w h ich  th e  r e a c t i o n s  w ere r e a d  w ere made from  g l a s s  tu b in g  

h a v in g  an  i n s i d e  d ia m e te r  o f  4  mm. a n d  a  l e n g th  o f  6 cm. A p p ro x im a te ly  

0 .1 5  c c .  o f  s e ru n  was ru n  i n t o  th e  b o tto m  o f  a  tu b e  and  t h e  same amount
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o f  d i l u t e d  e x t r a c t  r u n  i n  ab o v e  th e  se ru m , c a r e  b e in g  ta k e n  t o  o b ta in  

a  p r e c i s e  l i n e  o f  c o n ta c t  be tw een  t h e  two f l u i d s .

B ecause  o f  t h e  f a c t  t h a t  th e  s e r a  and  e x t r a c t  d i l u t i o n s  w ere k e p t  

i n  th e  r e f r i g e r a t o r ,  t h e  r e a c t i o n s  w ere r e a d  a t  t h e  end o f  th e  f i r s t  

and second  h o u rs  a f t e r  b e in g  s e t  up*

EXPERIMENTAL DATA

The r e s u l t s  o f  th e  p r e c i p i t i n  r e a c t i o n s  a r e  g iv e n  i n  T a b le s  I I ,  

I I I ,  17 , and  7 .  I n  each  t a b l e ,  th e  se rum  a g a in s t  w h ich  t h e  e x t r a c t s  

o f  t h e  s p e c i e s  l i s t e d  w ere ru n  i s  d e s ig n a te d  a s  th e  a n tis e ru m *

In  r e c o r d in g  th e  r e a c t i o n s ,  a  p r o f u s e  p r e c i p i t a t e  was r e a d  a s  

f o u r  p l u s ,  a  d i s t i n c t  r i n g  was r e a d  a s  t h r e e  p l u s ,  an d  t h e  l i g h t e r  r in g s  

a s  two and  o n e  p l u s .  A r e a c t i o n  i n  w h ich  a  d e f i n i t e  r i n g  was n o t  form ed 

b u t  in  w hich  a  s l i g h t  p r e c i p i t a t e  was p e r c e p ta b l e  was r e c o r d e d  a s  a  

p lu s -m in u s  r e a c t i o n .



TABLE II
PRECIPITIN REACTIONS

S u b -fa m ily S p e a ie s
Undi I- 

ute<
D i lu t io n  o f  E x t r a c t

T -IO 1 -2 0 1 -4 0 1 -8 0 1 -100 1 -160 1 -2 0 0 1 -5 0 0

A g ro tin a e F e l t i a * -H-H H H H H

( a n t is e ru m ) d u cen s -H-H H H +

H e l io th in a e H e l i o t h i s -H-H H H H+ + *
o b s o le t e H H H H H H H H -

A g ro tin a e Euzoa H H H H ± - w
q u a d r id e n ta t e H H H H H+ ± ±

A g ro tin a e F e l t i a  Y e n e r a b i l i s H++

a r i d a H H + Si*

H ad en in ae Scotogram m a H H H H mm

t r l f o l i l H H H H + ±

C u c u l l in a e E u m ie h tis H H H H - —

Io d a H H H H + - -

A c ro n y c tin a e S id em ia H+ + •»

d e v a s t a to r H H H+ -

A c ro n y c tin a e Hypocoena r u - H H H H - - —

f a s t r i g a t a H H H H ± - -

P lu s i ih a e A u to g rap h a ++++ — -

b r a s s i c a e - -H-H- H+ t -

F am ily S m e rin th u s
S p h in g id a e c e r i s y i  K irb y 4-H- +++ -

F am ily V an essa
N ym phalidae c a rd u i  L . •* - -

♦ S ig n s  i n  u p p e r  p a r t  o f  s p a c e  a r e  r e a d in g s  f o r  1 s t  h r . ,  lo w er p a r t  f o r  2 n d . h r .



TABLE III
PRECIPITIN REACTIONS

S u b - fa m ily  S p e c ie s

D i lu t io n  o f  E x t r a c t
I  - 1 ,0 0 0 I  -  5 ,0 0 0 I  -  10 ,000

1 s t*  h r*  2 n d .h r* l s t . h r .  2 n d .h r . l s t . h r .  2 n d .h r .

Z7

A g ro t in a e

A c ro n y c tin a e

A g ro t in a e

A c ro n y c tin a e

A n tise ru m  I
Euxoa

a lb i p e n n i s -H-H- ++++ +- H +*• 4—

2
Euxoa

q u a d r id e n ta t a H-H HH ■fw

S
Euxoa

t r i s t i c u l a H H  HH H +- H

4
F e l t i a  v e n e r a -  

b i l i s  a r i d a HH  HH 4-

5
F e l t i a

ducens HH  HH "f 1 - _

6
F e l t i a  Van­

c o u v e r  en s  i s HH  HH + —

7
S idem ia

d e v a s t a to r HH H++

8
A g r o t is

y p s i lo n HH H-H- — +

9
A g r o t is

o r th o g o n ia H H  HH H  H 4— +—

10
S p a e lo t i s  

h a v i I a e H-H- H H

11
P r o t a g r o t i s

n iv e iv e n o s a H H  -HH

5

/



TABLE 17
PRECIPITIN REACTIONS

D i l u t i o n  ojE* E x t r a c t D i lu t io n  o f E x t r a c t

S p e c ie s
I  -  1 0 ,0 0 0 I  -  1 1 ,0 0 0 I  -  1 .0 0 0 I  - 5 ,0 0 0 I - I C ,0 0 0

ls t i ir .2 n c L lin l s t . h r .  2 n d .h r . ls r t .h r . 2 n d .h r l s t . h r .  2nd.hr. IsU ir . BndJrr.

I
Euxoa

a lb lp e n n i s I -H-H H++ H H

A n ti­
serum  2

Euxoa
q u a d r id e n ta ta ++ -H-H- 2 HH HH H H _

3
Euxoa

t r i s t i c u l a ++ ++ 3 HH HH H H H

4
F e l t i a  v e n e r a -  

b i l i s  a r i d a
A n ti ­
serum  4 H H - HH +"f H + - 4*4*

5
F e l t i a

d u cen s 5 HH HH H H + - + -

6
F e l t i a  v a n -  

c o u v e re n s is «* +— 6 HH HH H H

7
S idem ia

d e r a s t a t o r mm mm 7 HH HH H H

8
A g r o t is

y p s i lo n mm 8 H H HH H ++

9
A g r o t is

o r th o g o n ia ++ ++ mm mm 9 +H+ H++ ++ H H

10
S p a e lo t i s

h a T i la e mm mm 10 HH HH H H _

11
P r o t a g r o t i s

n iT e iT e n o s a — mm mm 11 HH +Hf H H



TABLE 17 (Continued)
PRECIPITIN REACTIONS

D i l u t i o n  o f E x t r a c t

S p e c ie s

H i Ul OOO I  -  1 0 .0 0 0
ist.hr* 2 n d .h r . l s t . h r .  2 n d . h r .

I
Euzoa

a l b i p e n n i s ++++ -H-H

2
S uzoa

q u a d r id e n ta t a ++++ -H-H — -K-

3
Euxoa

t r i s t i c u l a ++++ -H-H _

4
F e l t i a  v e n e r a -  

b i l i s  a r i d a ++++ HH _

A n ti­
serum 5

F e l t i a
d u cen s ++++ H H -  H

6
F e l t i a  Van­

c o u v e r  en s  i s -H-H- H H

7
S id em ia

d e v a s t a to r ++++ H H

8
A g r o t is

y p s i lo n ++++ H++ _

9
A g r o t is

o r th o g o n ia -H-H- H++ H

10
S p a e l o t i s  

h a v i I a e -H-H H H _

U
P r o t a g r o t i s

n iv e iv e n o s a -H-H- H H



TABLE V.
PRECIPITIN REACTIONS

D i lu t io n  o f  E x t r a c t D i lu t io n  o f  E x t r a c t
I -  5.000 I -  10.000 I ■* 5.000 I - 10.000 I -  11.000

S p e c ie s 1 s t . h r .  2nd ̂ ir. l s t J i r . 2 n d .h r . L s t .h r .2 n d .h r , 1 s t  J ir^ncU hr, l s t . h r . 2 n d .h r .

I
Euxoa 

a lb i n e n n i s -H- I -H -H +- +- — *

2
Euxoa

q u a d r id e n ta t a +— 2 H H +- +-

3
Euxoa

t r i s t i c u l a +- -H +- -H 3 -H H H  +++ ■»

4
F e l t i a  v e n e r a -  

b i l i s  a r i d a + +- 4 H H H  H •  m

5
F e l t i a

d u c e n s +- 5 H H H  H
A n t i ­
serum  6

F e l t i a  Van­
c o u v e r  en s  i s -H- H +— H 6 H H H  H

7
S id em ia

d e v a s t a to r +- +W * +-
A n t i ­
serum  7 -Hf -H+ H  H • +##

8
A g r o t is

y p s i lo n +- H 8 H H H  ++

9
A g r o t is

o r th o g o n ia -H- H H H 9 H +-H H  -H+ +- H

IO
S p a e lo t i s

h a v i l a e +- IO H H +*• -Hf

11
P r o t a g r o t i s

n iv e iv e n o s a - - - - 11 H H
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The r e a c t i o n s  r e c o r d e d  i n  T a b le  I I  a r e  t h e  r e s u l t s  o f  r e a c t i o n s  

o f  e x t r a c t s  ru n  a g a in s t  th e  serum  from  th e  r a b b i t  im m unized a g a i n s t  

t h e  e x t r a c t  o f  F e l t l a  d u cen s  o f  th e  f a m i ly  P h a la e n id a e #  The n e g a t iv e  

r e a c t i o n s  o f  a  s p h in x  m o th , S m e rin th u s  o e r i s y l  o f  th e  f a m i ly  S p h in g id a e , 

and  o f  a  b u t t e r f l y ,  V anessa  c a rd u i  o f  th e  f a m i ly  N ym phalidae, i n  d i l u ­

t i o n s  o f  1 -2 0  o r  a b o v e , p o in t  to  a  d e f i n i t e  s e r o l o g i c a l  d i f f e r e n c e  

be tw een  th e  f a m i l i e s *

The p o s i t i v e  r e a c t i o n s  o f  F e l t i a  d u cen s  and F e l t l a  v e n e r a b l l i s  

a r i d a  i n  th e  d i l u t i o n  o f  1 -2 0 0  w h ile  th e  r e p r e s e n t a t i v e s  o f  th e  o t h e r  

f a m i l i e s  showed no p o s i t i v e  r e a c t i o n s  i n  th e  d i l u t i o n ,  p o i n t  to  a  s e r o ­

l o g i c a l  d i f f e r e n c e  betw een  th e  s u b - f a m i l ie s  i n  t h e  f a m ily  P h a la e n id a e .

The e x t r a c t  o f  Euxoa q u a d r ld e n ta t a  gave a  p lu s -m in u s  r e a c t i o n  i n  th e  d i l u ­

t i o n  o f  1 -1 6 0  w h ich  shows i t s  c lo s e  r e l a t i o n s h i p  t o  th e  o t h e r  tw o g e n e ra  

o f  t h i s  f a m i ly .  The f a c t  t h a t  H e l io t h i s  o b s o l e t e ,  w hich i s  p la c e d  i n  t h e  

s u b - f a m i ly  H e l io th in a e  by B a rn e s  and McDunnough (3 ) gave  a  tw o -p lu s  r e ­

a c t i o n  i n  1-160^ p o i n t s  to  th e  f a c t  t h a t  t h i s  s p e c i e s  and p o s s ib l y  t h e  

s u b - f a m i ly  H e l io th in a e  a r e  c l o s e l y  r e l a t e d  t o  th e  s p e c ie s  s tu d i e d  o f  th e  

s u b - f a m i ly  A g ro tin a e *  D roud t i n  S e i t z  (19 ) s a y s  t h a t  a l th o u g h  i n  h i s  

w ork h e  h a s  s e p a r a te d  t h i s  s m a l l ,  w e l l  d e f in e d  g ro u p  i n to  th e  s u b - f a m ily

H e l i o t h in a e ,  i t s  r i g h t  p l a c e  i s  i n  th e  s u b - f a m i ly  A g r o t in a e .  H . o b s o le te
(7 )

i s  p la c e d  in  th e  s u b - f a m i ly  A g ro tin a e  by  Hampson /a n d  a ls o  by  B a m e s  and 

McDunnough ( 3 ) ,  b u t  McDunnough e x c lu d e s  i t  from  A g ro tin a e  i n  h i s  r e v i s i o n  

o f  t h e  A g ro t id  m oths ( 1 7 ) .
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The r e a c t i o n s  I n  T a b le  I I I  w ere ru n  a g a i n s t  th e  serum  o f  t h e  r a b b i t  

im m unized a g a in s t  th e  e x t r a c t  o f  B . a l b i p e n n i s  w h ich  i s  p la c e d  i n  t h e  

s u b - f a m i ly  A g r o t in a e .  The e x t r a c t  o f  E . a lb i p e n n i s  gave  a  tw o -p lu s  r e ­

a c t i o n  a g a i n s t  i t s  a n t i s e ru m  i n  t h e  d i l u t i o n  o f  1-5000« A l l  o f  th e  o t h e r  

s p e c i e s  s tu d i e d  w h ich  hav e  b e e n  p la c e d  i n  t h i s  s u b - f a m i ly  by  B arn es  and 

McDunnough (3 ) a l s o  g av e  r e a c t i o n s  i n  t h i s  d i l u t i o n .  3 ,  d e v a s t a to r  and 

P r o t a g r o t l s  n iv e iv e n o s a  w h ich  a r e  p la c e d  i n  t h e  s u b - f a m i ly  A c ro n y c tin a e  

d id  n o t  r e a c t  i n  t h i s  d i l u t i o n .  P .  n iv e iv e n o s a , w hich  was p la c e d  in  t h e  

s u b - f a m i ly  A g ro t in a e  by b o th  B arn e s  and McDunnough (3) and  by D roud t in  

S e i t z  (1 9 ) ,  d id  n o t  r e a c t  ab o v e  1 -1 0 0 0 . T h is  l a c k  o f  r e a c t i o n  w ould 

i n d i c a t e  t h a t  t h e  change  from  th e  s u b - f a m i ly  A g ro t in a e  t o  t h e  s u b - f a m ily  

A c ro n y c tin a e  i s  a  c o r r e c t  o n e .

P r o t a g r o t l s  n iv e iv e n o s a  w hich  was p la c e d  in  t h e  s u b - f a m i ly  A g ro tin a e  

by  B arn es  and  McDunnough (3 ) and i s  now p la c e d  i n  th e  s u b - f a m i ly  A crony- 

c t i n a e  by  McDunnough (18) d id  n o t  r e a c t  abo v e  1-1000  a g a i n s t  t h e  serum  

o f  E . a lb i p e n n i s  w hich  i s  p la c e d  i n  t h e  s u b - f a m i ly  A g ro t in a e  (T a b le  I I I ) .  

McDunnough (18 ) s a y s  t h a t  t h e  genus P r o t a g r o t l s  f a l l s ,  on g e n e t a l i a ,  

n e a r  S id e m ia . I t s  r e a c t i o n  was s i m i l a r  t o  t h a t  o f  S .  d e v a s t a to r  a g a in s t  

t h e  same se rum , b u t  a g a in s t  th e  serum  o f  S_. d e v a s t a to r  (T a b le  V ), 

l l v e lv e n o s a  d id  n o t  r e a c t i o n  above  1 -5 0 0 0 . T h is  r a i s e s  t h e  q u e s t io n  a s  

to  w h e th e r  o r  n o t  i t  b e lo n g s  to  e i t h e r  s u b - f a m i ly .

The e x t r a c t  o f  A g r o t l s  o r th o g o n la  was p o s i t i v e  i n  t h e  h ig h e s t  d i ­

l u t i o n s  a g a in s t  t h e  a n t i s e r a  o f  F . v e n e r a b i l i s  a r i d a , E . d u c e n s , and
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S . d e v a s t a t o r * I t  gave  a  s l i g h t l y  p o s i t i v e  r e a c t i o n  w ith  th e  a n tis e ru m  

o f  E . a l h i p e n n i s .  The e x t r a c t  o f  E . t r i s t i e u l a  gave  p o s i t i v e  r e a c t i o n s  

i n  th e  h i g h e s t  d i l u t i o n s  a g a in s t  th e  a n t i s e r a  o f  E . a l h i p e n n i s ,  F . v a n e r a -  

b l l i s  a r i d a ,  S . q u a d r id e n ta t a ,  an d  s l i g h t l y  p o s i t i v e  r e a c t i o n s  w ith  t h e  

a n t i s e r a  o f  F . V ancouvere n s i s , and  S . d e v a s t a t o r .  The in c o n s i s t e n c y  o f  

t h e  r e s u l t s  from  th e s e  two e x t r a c t s  was a t  f i r s t  th o u g h t  p o s s ib l y  due to  

i n a c c u r a t e  w e ig h in g  o r  d i l u t i n g  o f  t h e  e x t r a c t s .  H ow ever, t h e s e  p o in t s  

w ere  c h e c k e d , and  th e  same r e a c t i o n s  r e - o c c u r r e d .

T a b le  T I g iv e s  t h e  r e s u l t s  o f  r e a c t i o n s  o f  e x t r a c t s  ru n  a g a in s t  

s e r a  o b ta in e d  fro m  r a b b i t s  im m unized a g a i n s t  e x t r a c t s  o f  A . c a l i f o r n i c a ,

E . a l h i p e n n i s ,  and  C h o r lz a g r o t i s  a u x l l l a r l s .

E . a l h i p e n n i s .  w h ich  i s  p la c e d  i n  th e  s u b - f a m ily  A g ro tIn a e , gave  

a  f o u r - p lu s  r e a c t i o n  i n  t h e  h ig h e s t  d i l u t i o n  a g a in s t  t h e  a n t is e ru m  o f  

A. C a l i f o r n i a  w hich  a c c o r d in g  to  Barnes and  McDunnough (3 ) i s  p la c e d  i n  

t h e  s u b - f a m i ly  P l u s l i n a e ,  T h is  e x t r a c t  a l s o  was t h e  o n ly  one  r e a c t i n g  

a g a i n s t  i t s  own a n t i s e r u m  i n  th e  d i l u t i o n  o f  1 -2 0 ,0 0 0 , M o re -o v e r, 

a g a i n s t  t h e  a n t i s e ru m  o f  C h o r lz a g r o t i s  a u x l l l a r l s  i t  was t h e  o n ly  e x t r a c t  

r e a c t i n g  i n  t h e  d i l u t i o n  o f  1 - 2 0 ,0 0 0 .

T hese  r e a c t i o n s  do n o t  te n d  to  f o l lo w  th e  d i f f e r e n t i a t i o n  o b ta in e d  

i n  th e  p r e v io u s  r e a c t i o n s .  H ydrogen io n  c o n c e n t r a t io n  d e te r m in a t io n s  

w ere ru n  on a l l  f i v e  e x t r a c t s  by m eans o f  a  p o te n t io m e te r  to  d e te rm in e  

w h e th e r  o r  n o t  t h i s  f a c t o r  was c a u s in g  a  d is c r e p a n c y  i n  t h e  r e a c t i o n s .

The d e te r m in a t io n s  a r e  g iv e n  i n  T a b le  7 1 1 .
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TART.Te VI

TITRATION OF SERA

1-1,000 
Tat.hr.2nd.hr.

1-5,000
I at.hr.2nd.hr.

1-10,000 
lat.hr.2nd-hr.

S a l in e
la t.h r.Chaika

Iu to g ra p h a  
c a l i f o m i c a  I -H-H- -H-H

Suzoa
a lb i p e n n i s  2 -H-H- -H-H H H 4» w

3 h o r iz a g r o t i s  
a u x i l i a r i s  3 -H-H H H H H «*» e*

PRECIPITIN REACTIONS

Sub­
fa m ily

1 -5 ,0 0 0
I s t e  2 n d . 
hr. hr.

1 -1 0 ,0 0 0  
1 s t .  2nd .
hr. hr.

1 -2 0 ,0 0 0  
1 s t .  2 n d .
hr.

1 -4 0 ,0 0 0  
1 s t .  2 n d .
hr. hr.

P l u s l i n a e
A n tise ru m  

A. c a l i f o m i c a  I -H-H- H+ HH + H+

A g ro t in a e B e  a lb i p e n n i s  2 H H Hf HH- ■ + H

A g ro tin a e Oh, a u x i l i a r i s  3 HH H  H+ _ _

A c ro n y c tin a
S id em ia

e d e v a s t a to r  4 H H

A g ro tln a e
Euzoa

t r i s t i c u l a  5 +H+

1 -1 0 ,
l s t . h r . ea•

O
 rU

1 -1 5 ,0 0 0
l s t . h r . 2 n d . h r .

1 -2 0 ,0 0 0
l s t . h r . 2 n d . h r .

1 -4 0 ,0 0 0
l s t . h r . 2 n d . h r .

I . _

A n tise rum  2 . H H H H Hf- H-H- H  H

3 . + +

4 . —

5 . + + -  -

1 -1 0 O 8 i - i s p o o 1 -2 0 ,0 0 0 1 -4 0 ,0 0 0
l s t . h r . 2 n d .h r . l s t . h r . 2 n d . h r . l s t . h r . 2 n d . h r . l s t . h r . 2 n d . h r .

I . — — w mm mm mm mm

2 . H++ +H+ H+ H H + +

A n tise ru m  3 . ;++ H H  H + H

4 . H H

5 . H H — — ------=---------- ----------1
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TABLE V II

HYDROGEN ION DETERMINATIONS ON EXTRACTS 
(POTMTI (METRIC)

E x t r a c t s M i l l i v o l t s PH

A u to g ra p h s  c a l i f o m i c a I 5 4 .5 4 .9 3

Boxoa a lb i p e n n i s 2 56 4 .9 3

C h o r i z a g r o t i s  a u x l l i a r l s 3 57 4 .9 4

S id e m ia  d e v a s t a to r 4 57 4 .9 4

Euxoa t r i s t i c u l a 5 5 6 .5 4 .9 3

N o te : The e x t r a c t s  w ere a llo w e d  to  r e a c h  room  te m p e ra tu re

b e f o r e  th e s e  r e a d in g s  w ere m ade .

E x t r a c t s M i l l i v o l t s

A u to g ra p h s  C a l i f o r n i a  I 53 4 .8 8

Euxoa a lb i p e n n i s  2 56 4 .9 3

C h o r i z a g r o t i s  a u x i l i a r i s  3 57 4 .9 4

S id em ia  d e v a s t a to r  4 57 4 .9 4

Euxoa t r i s t i c u l a  5 57 4 .9 4

N o te :  T h ese  r e a d in g s  wer e  ta k e n  a f t e r  th e e x t r a c t s  h ad

rem a in e d  a t  room te m p e ra tu re  f o r  two h o u r s .
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S in c e  th e  g r e a t e s t  d i f f e r e n c e  be tw een  th e  hydrogen  io n  concen­

t r a t i o n s  i s  o n ly  0 .0 6  i t  i s  u n l i k e l y  t h a t  t h i s  f a c t o r  c a u s e d  th e  

v a r i e t i o n  i n  r e a c t i o n s .  Due t o  th e  l a c k  o f  m a t e r i a l  i t  was n o t  p o s s ib l e  

to  ru n  n i t r o g e n  d e te r m in a t io n s  on t h e s e  d i l u t e d  e x t r a c t s  a c c o rd in g  to  

th e  m ethod o u t l i n e d  by D a ja n l ( 4 ) .  I t  i s  v e ry  p ro b a b le  t h a t  su ch  de­

d e te r m in a t io n s  w ould e x p la in  t h e  d i f f e r e n c e s  i n  r e a c t i o n .

E x p e rim en t w ith  a l c o h o l i c  i n s o l u b l e  p o r t i o n  o f  e x t r a c t

In  an  e x p e rim e n t to  o b t a i n  t h e  s p e c i f i c  immune b o d y , 10 g r .  o f  

c ru s h e d  th o r a c e s  o f  F . d u cen s was e x t r a c t e d  f o r  two d a y s  w ith  I  l i t e r  

o f  d i s t i l l e d  w a te r .  A t t h e  end o f  th e  f i r s t  day  th e  so a k e d  m a t e r i a l  

was re g ro u n d  t o  b re a k  up a s  many o f  th e  c e l l s  a s  p o s s i b l e .  A t th e  end 

o f  t h e  seco n d  d ay  th e  s u s p e n s io n  was c e n t r i f u g e d  and  2& vo lum es o f  95 p e r  

c e n t  e t h y l  a lc o h o l  added  to  t h e  s u p e r n a t a n t  l i q u i d .  T h is  m ix tu re  was 

a llo w e d  to  s ta n d  i n  th e  r e f r i g e r a t o r  f o r  two d a y s  a f t e r  w h ich  th e  p r e ­

c i p i t a t e  was re c o v e re d  by  c e n t r i f u g a t i o n .  The p r e c i p i t a t e  was d r ie d  

i n  a  vacuum  d e s s i c a t o r  o v e r  s u lp h u r ic  a c id  and d i l u t i o n s  made by w eigh­

in g  o u t a  known am ount o f  t h e  d r ie d  m a t e r i a l .

T h is  m a t e r i a l  was d i s s o lv e d  i n  p h y s io lo g ic a l  s q l i n e  and  ru n  a g a i n s t  

t h e  a n t i s e ru m  o f  F . v e n e r a b i l i s  a r i d a  and gave  d e f i n i t e  r e a c t i o n s  i n  d i ­

l u t i o n s  a s  h ig h  a s  1 - 5 ,0 0 0 ,0 0 0 .

In  an a t te m p t  to  show th e  p r e s e n c e  o f  g lu c o s e  i n  t h i s  a lc o h o l ic  

p r e c i p i t a t e d  m a t e r i a l ,  15 g r .  o f  g round  th o r a c e s  o f  m is c e l la n e o u s  

P h a la e n id s  was e x t r a c t e d  w ith  I  l i t e r  o f  p h y s io l o g i c a l  s a l i n e  s o lu t i o n  

f o r  36 h o u rs  a t  a  t e m p e ra tu re  o f  3" to  6 6 C. The s u s p e n s io n  was c e n t r l -
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fu g e d , l i t e r s  o f  95  p e r  c e n t  e t h y l  a l c o h o l  ad d ed , and  th e  m ix tu re  

p la c e d  i n  t h e  r e f r i g e r a t o r  (3 e to  6» 0 . )  f o r  24 h o u rs  a f t e r  w hich th e  

p r e c i p i t a t e  was r e c o v e r e d  by c e n t r i f u g i n g .  The t o t a l  y i e l d  was .4 5 0  g r .  

a f t e r  d r y in g .  T h ree  h u n d re d  and  f i f t y  m i l l ig r a m s  o f  th e  d r i e d ,  g round  

m a t e r i a l  was h y d ro ly z e d  w ith  35 c c .  o f  3  p e r  c e n t  HgSO4 f o r  24  h o u rs  a t  

100* C. The p r o t e i n s  w ere  th e n  p r e c i p i t a t e d  w ith  sodium  t u n g s t a t e .

The r e s u l t i n g  c l e a r  l i q u i d  was p la c e d  i n  a  p o la r o s c o p e  and  was found  to  

c a u se  no r e f r a c t i o n  o f  l i g h t .  Twenty one  and  n i n e - t e n t h s  c u b ic  c e n t i ­

m e te r s  o f  th e  m a t e r i a l  c a u se d  no r e d u c t io n  when ru n  a g a i n s t  3  c c .  o f  a  

q u a n t i t a t i v e  B e n e d i c t 's  s o l u t i o n  o f  w hich  25 c c .  was re d u c e d  by  4 4 .1 5  mgm. 

o f  g lu c o s e  when s t a n d a r d iz e d .

In  a  seco n d  e x p e rim e n t c ru s h e d  th o r a c e s  o f  A. c a l i f o m i c a  w ere 

t r e a t e d  a s  above  and r e a c t i o n s  ru n  w ith  d i l u t i o n s  o f  th e  m a t e r i a l  a g a in s t  

th e  s e r a  o f  E . a l b i p e n n i s ,  Gh.  a u x l H a r i s ,  an d  S . d e v a s t a t o r .  The r e ­

a c t i o n s  a r e  g iv e n  i n  T a b le  V I I I .

TABLE V I I I  

PRECIPITIN REACTIONS

1-^000 1 -5 ,0 0 0 1-10,000 1-20^000 1-40V300 I-SO1QOC
A n tise ru m  

A. c a l i f o m i c a  I ++++ HH +H+ H  -HH H  HH - +H -  I

E . a lb i p e n n i s  2 -H-H- H  HH H  HH + +H

Ch. a u x i l i a r i s  3 -H-H +-H ++H H  -HH - H *

S . d e v a s t a t o r  4 HH +H -HH ++H H++ - H *
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The d e f i n i t e  r e a c t i o n  i n  th e  a l c o h o l i c  p r e c i p i t a t e d  e x t r a c t  o f  

—* .S&A.lf o r n l c a  I n  t h e  d i l u t i o n  o f  1—4 0 ,0 0 0  an d  i t s  s l i g h t  r e a c t i o n  in  

th e  d i l u t i o n  o f  1 -8 0 ,0 0 0  a g a in s t  i t s  oen  serum  w h ile  i t  d id  n o t  r e ­

a c t  i n  t h e s e  d i l u t i o n s  a g a i n s t  th e  o t h e r  s e r a  shows t h a t  a  h ig h e r  de­

g r e e  o i d i f f e r e n t i a t i o n  may be o b ta in e d  w ith  t h e  a l c o h o l i c  p r e c i p i t a t e d  

e x t r a c t  th a n  w ith  t h e  s a l i n e  e x t r a c t .  A . c a l l f o m i c a  i s  p la c e d  i n  th e  

s u b - f a m i ly  P l u s i i n a e  w h ich  i s  th e  f i f t h  s u b - f a m i ly  f o l lo w in g  th e  su b ­

f a m i ly  A c ro n y c tin a e  by B a rn e s  and McDunnough ( 3 ) .  B. a l b i p e n n i s .  G.

- u^ - . ^ alr A,3* nnd J3. t r i s t l  c u la  a r e  p la c e d  i n  t h e  s u b - f a m i ly  A g ro tin a e  

and  S . d e v a s t a to r  in  t h e  s u b - f a m i ly  A c r o n y c tin a e .

GENERAL DISCUSSION

The re m a rk a b le  d ev e lo p m en t o f  th e  c h e m is try  o f  s p e c i f i c  immune 

b o d ie s ,  and  th e  a p p l i c a t i o n  o f  im m u n o lo g ic a l r e a c t i o n s  i n  th e  d e te r m in a t io n  

o f  r e l a t i o n s h i p s  betw een  s p e c i e s  o f  v a r io u s  o rg a n ism s  h a s  b ro u g h t  to  t h e  

hand  o f  t h e  s y s t e m a t l s t  a  new and  e x a c t  m ethod o f  d e te rm in in g  p h y lo ­

g e n e t i c  r e l a t i o n s h i p s  w hich  sh o u ld  i n  tim e  overshadow  th e  lo n g  u s e d , and  

o f t e n  q u e s t io n e d ,  m o rp h o lo g ic a l  c h a r a c t e r s .  I t  i s  o f  c o u rs e  n e c e s s a ry  

t o  u s e  th e  r e s u l t s  o f  p r e c i p i t i n  r e a c t i o n s  and  th e  m o rp h o lo g ic a l  c h a r a c t e r s  

t o g e t h e r ,  b u t  th e  r e a c t i o n s  can b e  u se d  i n  d e c id in g  r e l a t i o n s h i p s  w hich 

a r e  q u e s t io n a b le  when b a s e d  s o l e l y  upon some m o rp h o lo g ic a l  c h a r a c t e r i s t i c .

The taxonom y o f  th e  m oths and  t h e i r  r e l a t i o n s h i p s  a r e  w orked o u t  

by v a r io u s  a u th o r s  u s in g  d i f f e r e n t  m o rp h o lo g ic a l  c h a r a c t e r s  ( s e e  p a g e s  17 

and  1 8 ) ,  w ith  th e  r e s u l t  t h a t  names o f  s p e c i e  hav e  been c h a n g e d . S p e c ie s  

h a v e  b een  t r a n s f e r e e  from  one g enus to  a n o th e r ,  and  g e n e ra  h a v e  been
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changed  from  o n e  au b - f a m i ly  to  a n o th e r .  The s e r o l o g i c a l  r e a c t i o n s  c a n , 

w ith o u t  d o u b t ,  b e  u se d  i n  d e c id in g  th e  c o r r e c tn e s s  o f  t h e s e  c h a n g e s .

The e x te n t  o f  v a r i a t i o n  o f  t h e  p r e c i p i t i n  r e a c t i o n s  n e c e s s a r y  to  

show d e f i n i t e  d i f f e r e n c e s  betw een  spec im en s o r  c lo s e  r e l a t i o n s h i p s  be­

tw een  them  c o u ld  b e s t  b e  d e te rm in e d  a f t e r  ru n n in g  a  l a r g e  num ber o f  r e ­

a c t i o n s .  H ow ever, t h e  tw o -p lu s  r e a c t i o n  o f  H. o b s o le te  (T a b le  I I )  in  

t h e  d i l u t i o n  o f  1 -1 6 0  a g a in s t  th e  serum  o f  t h e  r a b b i t  im m unized a g a in s t  

th e  e x t r a c t  o f  JF. d ucens show s i t s  c lo s e  r e l a t i o n s h i p  t o  t h e  s u b - f a m ily  

A g r o t in a e .  T h is  r e l a t i o n s h i p  h a s  bean  b o rn e  o u t  by th e  s y s t e m a t i s t s  

( s e e  p a g e  1 7 ) .  The r e a c t i o n s  o f  a l l  o f  t h e  s p e c ie s  p la c e d  i n  t h e  su b ­

f a m i ly  A g ro t in a e  in  t h e  d i l u t i o n  o f  1 - 5 ,0 0 0  (T ab le  I I I )  to  t h e  e x c lu s io n  

o f  t h e  r e a c t i o n s  o f  t h e  two s p e c i e s  p la c e d  i n  t h e  s u b - f a m i ly  A c ro n y c tin a e  

i n  t h i s  d i l u t i o n  show t h a t  th e  r e a d in g  o f  a  p lu s -m in u s  r e a c t i o n  i s  p o s s i b l e  

and  i s  d e f i n i t e l y  o p p o s a b le  to  a  n e g a t iv e  r e a c t i o n .  The f o u r - p lu s  r e ­

a c t i o n  o f  B . q u a d r id e n ta t a  i n  t h e  d i l u t i o n  o f  1 -1 0 ,0 0 0  a g a i n s t  th e  homo­

lo g o u s  serum  i s  an  e x c e l l e n t  r e a d in g  a g a i n s t  th e  tw o -p lu s  and p lu s -m in u s  

r e a c t i o n s  o f  th e  o t h e r  s p e c ie s  w hich  r e a c t e d  i n  t h i s  d i l u t i o n  (T a b le  1 7 ) .

SUMMARY AND CONCLUSIONS

1 .  S e r o lo g ic a l  s t u d i e s  ( p r e c i p i t i n  r e a c t i o n )  w ere m ade o f  14 g e n e ra  

and  20 s p e c i e s  o f  m o th s  p la c e d  i n  6 s u b - f a m i l i e s  o f  th e  f a m i ly  P h a la e n id a e .  

R e a c t io n s  w ere a l s o  ru n  u s in g  sp ec im en s  from  th e  f a m i l i e s  S p h in g id a e  and 

N y m p h a lld ae .

2 .  A s p e c i f i c  immune body was i s o l a t e d  from  c o l l e c t i o n s  o f  F . d u cen s 

w h ich  gav e  d e f i n i t e  r e a c t i o n  in  d i l u t i o n s  a s  h ig h  a s  1 - 5 ,0 0 0 ,0 0 0 .
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3» The s p e c i f i c  immune s u b s ta n c e  w h ich  was i s o l a t e d  was n o t  h y d ro ­

ly z a b l e  to  r e d u c in g  s u g a r s  a s  shown by i t s  f a i l u r e  to  a f f e c t  p o l a r i z e d  

l i g h t  o r  to  r e d u c e  q u a n t i t a t i v e  B e n e d ic t1S s o lu t i o n  a f t e r  t r e a tm e n t  w i th  

H2SO4  a t  100" Ce f o r  24  h o u r s e

4e E x p la n a t io n s  o f  th e  r e a c t i o n s  a r e  p r e s e n te d  a lo n g  w ith  t h e  p l a c e ­

m ent o f  t h e  v a r io u s  s p e c i e s  a c c o rd in g  t o  a  num ber o f  a u t h o r i t i e s e

Se I t  i s  e v id e n t  fro m  th e  r e a c t i o n s  o f  t h e  above  m e n tio n e d  s p e c i ­

mens t h a t  th e  p r e c i p i t i n  r e a c t i o n  may b e  u se d  i n  d e te r m in in g  a  p h y lo ­

g e n e t i c  r e l a t i o n s h i p  betw een  g e n e ra  and s u b - f a m i l i e s  o f  t h e  f a m ily

Pbalaanidae.
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4 .  D a J a n i,  S . W. C h e m is try  o f  t h e  h e a t  c o a g u la t io n  o f  p r o t e i n s .

(G lo b u lin  from  hemp s e e d ) ♦ U n p u b lish e d  t h e s i s .  M a s te r  

o f  S c ie n c e  D egree i n  C h e m is try , M ontana S t a t e  C o l le g e .

1 9 3 3 .

5 .  E n d e rs ,  Jo h n  F .  A ty p e  s p e c i f i c  s u b s ta n c e  d i s t i n c t  fro m  th e  s p e c i ­

f i c  c a rb o h y d r a te s  in  Pneum ococcus Type I*  J o u r .  E zp . M ed. 

5 2 :2 3 5 . 1 9 3 0 .

6 .  G u n n iso n , J .  P » , an d  ShoenhoI z , P .  S tu d ie s  on th e  s e r o l o g i c a l

c l a s s i f i c a t i o n  o f  B . b o t u l i n u s .  J o u r .  Imm. 1 3 :2 3 7 . 19 2 7 .

7 .  Hampson, S i r  G eorge F . C a ta lo g u e  o f  t h e  N o o tu id a e  i n  th e  c o l l e c t i o n

o f  t h e  B r i t i s h  Museum. V o l.  IV . P g .  6 5 7 . 1 9 0 3 . T a y lo r  & 

F r a n c i s .  L ondon.

8 .  H e id e lb e r g e r , M ., and  A very , 0 .  T . The s o lu b le  s p e c i f i c  s u b s ta n c e

o f  P neum ococcus. J o u r .  E xp . M ed. 3 8 :7 3 . 1 9 2 3 .

9 .  H e id e lb e rg e r ,  M ic h a e l and  K e n d a l l ,  F o r r e s t  E . S tu d ie s  on  p r e c i p i t i n

r e a c t i o n .  P r e c i p i t a t i n g  h a p te n s ;  s p e c ie s  d i f f e r e n c e s  i n  a n t i ­

b o d ie s .  J o u r .  j$xp. M ed. 5 7 :3 ,  3 7 3 . 1 9 3 3 .
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IOe H e k to e n , Ludwig* O b s e rv a t io n s  w ith  t h e  p r e c i p i t i n  r e a c t io n *

J o u r .  Bnm. 1 4 :1 .  1 9 2 7 .

1 1 . H i tc h c o c k , C. H . S tu d ie s  on  i n d i f f e r e n t  s t r e p to c o c c i*  I  S e p a ra ­
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3 9 3 . 1 9 2 8 .

1 2 . Krum weide, C h as . J r . ,  and  N o b le , C. w. A r a p id  m ethod  f o r  th e

p r o d u c t io n  o f  p r e c i p i t i n  a n t ig e n  from  b a c t e r i a :  An

a t te m p t  to  a p p ly  i t  to  t h e  d e te r m in a t io n  o f  t h e  ty p e  o f  
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1 3 . L a n d s te in e r ,  K .,  an d  L evene, P .  A . O b s e rv a t io n s  on  th e  s p e c i f i c
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1 9 2 5 .
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15« L a n d s te in e r ,  K . N o te  on  th e  g r o u p - s p e c i f i c  s u b s ta n c e  o f  h o r s e  
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M ed. 5 7 :4 ,  5 7 1 . 19 3 3 .

1 7 . McDunnough, J .  H . A g e n e r ic  r e v i s i o n  o f  N orth  A m erican  A g ro tid

m o th s . N a t io n a l  Museum o f  Canada B u i . 5 5 . 1 9 2 8 .
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( L e p id . ) .  C anad ian  E n to m o lo g is t  L IZ , 6 4 , 1 9 2 7 .
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1 9 . S e i t z ,  A d a lb e r t .  The M a c r o le p id o p te ra  o f  th e  W o rld . I I  D iv i­

s i o n :  The M a c r o le p t id o p te r a  o f  th e  A m erican R e g io n .

7 .  Volume : Noe tu i f o r m e s .  P g .  3 3 0 . 1 9 2 3 .

2 0 . Sugg, Jo h n  Y ., an d  N e i l l ,  Jam es M. S tu d ie s  on  im m u n o lo g ica l

r e l a t i o n s h i p s  among t h e  P n eu m o co cc i. J o u r .  E xp . M ed. 5 3 : 

5 2 7 . 1 9 3 1 .

21* T i l l e t ,  W illia m  S . ,  G o e b e l, W a lth e r  F . ,  and A very , Osw ald T* 

C hem ical and im m u n o lo g ica l p r o p e r t i e s  o f  a  s p e c i e s -  

s p e c i f i c  c a rb o h y d r a te  o f  P neu m o co cc i. J o u r .  E xp . Med. 

5 2 :8 9 5 . 1 9 3 0 .

2 2 . Z o zay a , J o s e .  C a rb o h y d ra te s  a b s o rb e d  on  c o l l o i d s  a s  a n t i g e n s .

J o u r .  E xp . Med. 5 5 :3 ,  3 2 5 . 1 9 3 2 .

2 3 . _________________.  Im m uno log ica l r e a c t i o n s  betw een  d e x t  r a n  p o ly ­

s a c c h a r id e  and  some b a c t e r i a l  a n t i s e r a .  J o u r .  E xp . Med. 

5 5 :3 ,  3 5 3 . 1 9 3 2 .

2 4 . Z o zay a , J o s e ,  an d  Wood, J .  E . S tu d y  o f  c a rb o h y d r a te  and  p r o t e i n
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1 9 3 2 .
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