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The Function of the E n d o s y m b i o t i c  Bacteria  of Blattoidea 

Some aspec ts  of t h e  f u n c t i o n  of t h e  e n d o s y m b i o t i c  
bac t e r i a  ot Blattoidea are a l r eady  known,  since i t  is possible  
to  depr ive  t he  insec ts  of t h e i r  own s y m b i o n t s t - 3 ,  a n d  to  
cu l t i va t e  t he  mic roo rgan i sms  4, and  t h u s  to  s t u d y  sepa- 
r a t e ly  b o t h  t he  m e t a b o l i s m  of t he  bac ter ia ,  and  of t he  
host .  I t  was shown  t h a t  t he  s y m b i o n t s  possess two enzymes  
of t he  t r i c a rboxy l i c  acid cycle:  L-mala te :  MAD:  oxydo-  
r educ tase  (1.1.1.37) a n d  threo-I)~-isoci t rate:  N A D P  
oxydoreduc t a se  (1.1.1.42)~, ~ wh ich  are  u t i l ized b y  t he  fa t  
b o d y  i ts  own  me tabo l i sm.  Two o the r  enzymes  of t h e  
endosymbion t s ,  u r a t e :  oxygen  oxydoreduc t a se  (1.7.3.3.) 
and  guan ine  a m i n o h y d r o l a s e  (3.5.4.3.) m a y  be cons idered  
useful  to  t he  insect  d u r i n g  t he  l a rva l  s tages  7, s. 

I n  th i s  work,  t he  o x y d a t i v e  a c t i v i t y  of n o r m a l  and  
aposymbio t i c  fa t  bodies  was assayed  in presence  of 
d i f fe rent  subs t ra tes .  T he  ac t iv i t i e s  of t he  succ ina te  oxidase  
complex  and  f e r rocy toch rome  C: oxygen  oxydoreduc t a se  
(1.9.3.1) were also de t e rmined .  Moreover  t he  concen t ra -  
t i on  of A T P  a n d  g lucose -6 -phospha te  (G-6-P) were 
va lued .  The  e x p e r i m e n t s  were car r ied  ou t  on Nauphoeta 
cinerea Oliver.  

I n  order  to  p roduce  apos ym bi o t i c  s t ra ins ,  200 fer t i l ized 
females  were in jec ted  w i t h  1 m g  of m e t h o x y p h e n y l p e n -  
ic i l l inate  of t e t r acyc l ine  9. All b roods  b o r n  be t w een  t he  
50 th  and  t he  100th day  of t he  a n t i b i o t i c  t r e a t m e n t  were 
a p o s y m b i o t i c ;  t he  con t ro l  and  t h e  a p o s y m b i o t i c  s t r a ins  
were fed dai ly  w i t h  chopped  l e t tuce  mixed  w i t h  Mer i tene  
(Fa rbe r  Ltd . )  and  b r a n  (3:1:1 w/w). T he  e x p e r i m e n t s  
were car r ied  ou t  on female  n y m p h s  only.  The  a b d o m i n a l  
fa t  body  was r e m o v e d  b y  v e n t r a l  incision.  The  insec ts  h a d  
p rev ious ly  been  b locked  in t he i r  mo to r i a l  a c t i v i t y  b y  
re f r ige ra t ion  a t  + 4  ~ for 20 min.  All  t he  ope ra t ions  were 
car r ied  ou t  in a cold room.  The  samples  used for t he  t e s t s  
of c o n c e n t r a t i o n  of A T P  and  of G-6-P  were k e p t  a t  --  80 ~ 

The  h o m o g e n i z a t i o n  was car r ied  ou t  (glass-teflon 
Po t t e r )  in sucrose 0.25 3/I c o n t a i n i n g  IK2HPO 4 10.6 m M  
(pH 7.4). The  h o m o g e n a t e s  were cen t r i fuged  a t  121 • g • 10 
ra in  a t  0 ~ ; t he  f a t  ~n t he  uppe r  p a r t  of t e s t - t u b e  and  t he  
p rec ip i t a t e  were r emoved .  The  r e m a i n i n g  s u p e r n a t a n t  
was cen t r i fuged  a t  5090 • g for 20 ra in  a t  0 ~ m i t o c h o n d r i a  
and  bac t e r i a  were found  to be p r e s en t  in  t he  p rec ip i t a t e  
(P) of t he  n o r m a l  insects :  in t he  a p o s y m b i o t i c  p repa ra -  
t ions  (P')  were found  only  m i t o c h o n d r i a  as p roved  f rom 
microscopic  e x a m i n a t i o n ,  a f te r  f i xa t ion  and  s t a in ing  ~~ 
Moreover  t h e  p rec ip i t a tes  were i n c u b a t e d  w i t h  a so lu t ion  
(1 :1 :2  v /v)  of p h o s p h a t e  buf fe r  (0.2 M ;  p H  7.6), Na  
succ ina te  (0.2 M) a n d  n e o t e t r a z o l i u m  cloride (1 m g /ml ) ;  
t he  b a c t e r i a  showed one or more  po la r  spots  due  to  t he  
f o r m a t i o n  of mic roc rys ta l s  of f o r m a z a n ~ ;  t he  m i t o c h o n -  
dr ia  were un i fo rmly  s ta ined .  E x a m i n a t i o n  of t he  super-  
n a t a n t s  (S) and  (S') car r ied  ou t  b y  phase  c o n t r a s t  
showed only  a few drops  of fat .  

Oxygen  u p t a k e  in presence  of d i f fe ren t  s u b s t r a t e s  and  
t he  succ ina te  ox idase  a c t i v i t y  were t e s t ed  m a n o m e t r i c a l l y  
in  a W a r b u r g  a p p a r a t u s  a t  + 3 7  ~ (Tables  I a n d  II) .  The  
s u b s t r a t e s  were added  to  t he  side a r m  of t he  flasks.  Af te r  
t e m p e r a t u r e  equ i l ib ra t ion ,  t he  r eac t ion  was s t a r t ed  b y  
t i p p i n g  t h e  c o n t e n t s  b y  side arm.  C y t o c h r o m e  oxidase  
a c t i v i t y  was t e s t ed  b y  SMITH'S ~2 s p e c t r o p h o t o m e t r i c  
m e t h o d ;  0.30 ml  of buf fe r  p h o s p h a t e  were p laced  in a 
c u v e t t e  w i t h  0.21 ml  of f e r rocy toch rome  C 1% (Sigma - 
Type  I I I )  a n d  2.49 m l  of w a t e r ;  a f te r  equ i l i b r a t i on  a t  
37~ 30 bd of (P) or (P')  were added.  The  c y t o c h r o m e  C 
was dissolved in 0.01 M p o t a s s i u m  p h o s p h a t e  buffer  p H  
7.0 and  reduced  w i t h  p o t a s s i u m  asco rba te ;  t h e  excess 
a scorba te  was r e m o v e d  b y  dia lys is  aga ins t  0.01 M 
p h o s p h a t e  buffer  p H  7.0. The  read ings  of t he  d e c r e m e n t  
of t he  O.D. (at  550 nm)  were t a k e n  eve ry  15 sec for 2 
ra in :  in  t h i s  lapse of t i m e  t he  d e c r e m e n t s  were found  
to  be  cons t an t .  Las t ly  t h e  c y t o c h r o m e  C so lu t ion  was 
oxidized w i t h  30 ~l of p o t a s s i u m  fe r r icyan ide  0.1 M.  The  
p ro t e in  concen t r a t i on ,  in  cuve t te ,  was  a p p r o x i m a t e l y  
2 mg/ml .  For  d e t e r m i n a t i o n  of A T P  and  G-6-P, t h e  fa t  
b o d y  was g round  in a m o r t a r  w i t h  t r i e t h a n o l a m m i n e  
0.05 M (pH 7.6; 3 ml /g  f a t  body) ;  t he  h o m o g e n a t e  was 
cen t r i fuged  for 1 h a t  200,000 •  t he  s u p e r n a t a n t  was 
depro te in ized  w i t h  HC104 (6%),  cen t r i fuged  for 10 m i n  
a t  13,300 •  and  neu t r a l i zed  w i t h  5 3/I IK2CO a. A T P  and  
G-6-P c o n c e n t r a t i o n  were t e s t ed  b y  a mod i f i ca t ion  of t he  
LAMPRECHT and  TRAUTSCttOLD 13 me thod ,  record ing  O.D. 
v a r i a t i o n  (at  366 rim) i n d i c a t i n g  r e d u c t i o n  of T P N +  to  
T P N H  in a r eac t ion  s y s t e m  c o n t a i n i n g :  t r i e t hano l -  
a m m i n e  0.05 M (2.000 ml) ;  ~ - T P N +  7 •  -a M (0.1 ml) ;  
MgCle 0.1 M (0.175 ml) ;  0.5 ml  of s u p e r n a t a n t  (prot .  
cone. ~_ 10 mg/ml) .  3 m i n  a f t e r  a d d i t i o n  of t h e  sample ,  
0.01 ml  G-6-P-D (t3oehringer  ; 20 b~g p ro t . /ml )  were added,  
and  a f te r  a f u r t h e r  5 m i n  0.01 ml  of G-6-P-D.  The  a c t i v i t y  
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Table  I 

P P '  S S' P q -  S P ' +  S ' a  

Endogenous  03 up take  0.6 • 10 .4 0.5 • 10 .4 2.2 • 10 .4 1.9 • 10 4 0.8 • 10 -4 1.1 • 10 -4 
Glucose (15.0 [xM) 3.8 • 10 _8 1.2 • 10 4 2.1 • 10 -4 2.4 • 10 -4 4.2 • 10 -3 8.8 • 10 -4 
Glueose-6-P (18.0 [zM) 3.1 • 10 -a 1.6 • 10 .4 2.1 • 10 4 1.9 • 10 4 4.6 • 10 .3 9.9 • 10 .4 
~ -ke tog lu ta ra te  (23.0 ~M) 7.6 • 10 ~ 4.8 • 10 .3 1.9 • 10 .4 1.5 • 10 .4 4.1 • 10 .3 3.0 • 10 .3 
Isoci t ra te  (16.0 ~zM) 5.9 • 10 -2 3.6 • 10 3 1.7 • 10 4 1.5 • 10 -4 3.1 • 10 2 2.6 • 10 ~ 

P, precipi ta te  of normal  fat  body  homogenate ,  containing endosymbiot ie  bac ter ia  and mi tochondr ia ;  P ' ,  precipi ta te  of aposymbiot ic  fat  body  
homogena te  containing only mi tochondr ia ;  S, supe rna tan t  of normal  fat  body  homogena te ;  S', supe rna t an t  of aposymbiot ic  fat  body  homo- 
genate.  [zM O2]mg prot . /min ,  in presence of MgCI2, 10 [xM; KC1, 200 ~xM; Sorensea phosphate  buffer,  48 ~M,  p H  = 7.2; homogenate ,  0.5 ml 
(prot. cone. __ 20 mg/ml) .  Volume of liquid = 2.8 ml. �9 P : S  and P ' : S '  = 1:1 v /v .  
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was recorded  for 1 m i n  and  s u b s e q u e n t l y  0.2 ml  glucose 
(0.5 M) and  0.025 ml  exocinase  (S igma ;  15 ~g p ro t . /ml )  
were added.  The  a c t i v i t y  was r ecorded  for a f u r t h e r  
15 m i n :  a t  t h i s  t i m e  0.025 ml  of exocinase  were added.  
The  p r o t e i n  c o n t e n t  of t he  samples  was d e t e r m i n e d  b y  
GORNALL'S et al. ~ m e t hod .  

The  ox ida t i ve  a c t i v i t y  of t h e  p r e p a r a t i o n  in absence  of 
exogenous  s u b s t r a t e s  is g rea te r  in  t he  s u p e r n a t a n t s  
(Table  I). I n  t h e  presence  of glucose a n d  G-6-13, t h e  
oxygen  u p t a k e  increases  g rea t ly  in  p r e p a r a t i o n s  con- 
t a i n i n g  b a c t e r i a  a n d  m i t o c h o n d r i a  (P);  a h ighe r  r a t e  of 
a c t i v i t y  is to  be  found  w h e n  s u p e r n a t a n t s  and  p rec ip i t a t e s  
are  pooled (13 - -  S); co r r e spond ing  i n c r e m e n t s  in  apo-  
s y m b i o t i c  p r e p a r a t i o n s  (P ')  a n d  (P '  + S') are v e r y  high,  
b u t  t he  abso lu t e  va lues  for oxygen  c o n s u m p t i o n  are 
neve r the l e s s  v e r y  small .  These  resu l t s  agree  w i t h  t h e  
e x p e r i m e n t a l  d a t a  p r e v i o u s l y  o b t a i n e d  ~5,16 wh ich  showed  
g rea te r  aerobic  u t i l i za t ion  of glucose b y  t he  symbio t i c  
f a t  b o d y  t h a n  b y  t he  a p o s y m b i o t i c  one. The  c o m p a r i s o n  
of t he  d a t a  of s y m b i o t i c  and  a p o s y m b i o t i c  p r e p a r a t i o n s  
could ind ica t e  t h a t  t he  bac t e r i a  also possess t he  e n z y m a t i c  
pool  for t h e  anae rob i c  m e t a b o l i s m  of glucose. In  fac t  (P), 
wh ich  con t a in s  m i t o c h o n d r i a  a n d  bac te r ia ,  is able  to 
ut i l ize  ae rob ica l ly  glucose and  G-6-P,  whi le  (P'),  on  t h e  
con t r a ry ,  is on ly  j u s t  able  to  oxidize  these  subs t ra tes .  
F u r t h e r m o r e  (P '  + S') c o n t a i n i n g  fa t  b o d y  m i t o c h o n d r i a  
a n d  e x t r a m i t o c h o n d r i a l  enzymes  of t h e  glycol i th ic  
p a t h w a y ,  ut i l izes  ae rob ica l ly  t he  two  a b o v e - m e n t i o n e d  
subs t ra t e s .  T h u s  t h e  h ighe r  c o n c e n t r a t i o n  of G-6 -P  
(Table  I I )  f ound  in s y m b i o t i c  f a t  bodies,  in compar i son  to 
a p o s y m b i o t i c  ones, cou ld  be  i n t e r p r e t e d  in t e r m s  of t he  
h igh  eff ic iency of t he  g lycol i th ie  p a t h w a y  of t he  bac ter ia .  

The  a d d i t i o n  of e k e t o g l u t a r a t e  or of i soci t ra te ,  causes a 
r e m a r k a b l e  i n c r e m e n t  in  t h e  oxygen  u p t a k e  of (P) a n d  
(13'), and  t he  abso lu te  va lues  o b t a i n e d  w i t h  s y m b i o t i c  
p r e p a r a t i o n s  are severa l  t imes  g rea te r  t h a n  those  o b t a i n e d  
w i t h  homologous  a p o s y m b i o t i c  p r epa ra t i ons .  These  
resul t s  m a y  sugges t  a h ighe r  q u a n t i t a t i v e  eff ic iency of t h e  
t r i ca rboxy l i c  acid cycle in  n o r m a l  fa t  bodies,  owing to t he  
presence  of bac t e r i a ;  t h i s  m e t a b o l i c  p a t h w a y  is also pre-  
sent ,  however ,  in t h e  a p o s y m b i o t i c  f a t  body,  w h i c h  does 

Table II 

in  fac t  possess in b o t h  t rophoc i t e s  and  bac te r ioc i t es  i t s  
own  m i t o c h o n d r i a l  c o m p l e m e n t .  I n  p resence  of e-keto-  
g l u t a r a t e  a n d  isoci t ra te ,  t h e  oxygen  u p t a k e  of (P + S) 
a n d  (P '  + S') is lower t h a n  t h a t  of P a n d  P '  r e spec t ive ly  ; 
t he  lower m i t o c h o n d r i a l  c o n c e n t r a t i o n  is p r o b a b l y  t he  
cause  of t h i s  dec rement .  (13 + S) shows far  g rea te r  
a c t i v i t y  t h a n  (13' + S'). The  a c t i v i t y  of (S) a n d  (S') 
appea r s  to  be c o n s t a n t  w i t h  all  t h e  s u b s t r a t e s  exper i -  
men t ed .  

The  a c t i v i t y  va lues  of suecinic  oxidase  and  of cyto-  
ch rome  oxidase  (Table  II) ,  are m a n y  t imes  h ighe r  in  t he  
symbio t i c  p repa ra t ions ,  t h u s  con f i rming  t he  h y p o t h e s i s  of 
t he  mi toChondr ia l  f unc t i on  of t he  symbion t s .  The  h igh  
e n z y m a t i c  a c t i v i t y  is cor re la ted  w i t h  a g rea te r  concen t r a -  
t i on  of A T P  in t he  symbio t i c  fa t  b o d y  (Table  II) .  

F r o m  the  d a t a  of TARVER a n d  13IERRF. 5, Of DUBOWSKY 
a n d  PIERRE 6 and  f rom the  d a t a  here  descr ibed,  emerges  
the  general  cons ide ra t ion  t h a t  s y m b i o n t  bac ter ia ,  bes ides  
ca r ry ing  ou t  g lycogen m e t a b o l i s m 1 6  are able  to  pe r fo rm  
some f u n d a m e n t a l  m i t o c h o n d r i a l  func t ions .  

The  absence  of e n d o s y m b i o n t s  no t  on ly  depr ives  t he  
insect  of t he  e n z y m a t i c  pool  and  of t he  me t abo l i t e s  of t he  
b a c t e r i a  themse lves ,  b u t  ha s  a n e g a t i v e  inf luence  on  t h e  
f u n d a m e n t a l  m e t a b o l i c  processes  of t he  hos t - insec t ,  which ,  
in  t he  absence  of exogenous  supp ly  f rom the  bac te r ia ,  is 
no longer  able  to  sa t i s fy  t he  energe t ic  needs  of i ts  own 
organism.  The  cons iderab le  pa tho log ica l  modi f i ca t ions  
of t h e  a p o s y m b i o t i c  f a t  b o d y  and  of t he  a p o s y m b i o t i c  
i nd iv idua l s  t h e m s e l v e s  could the re fo re  poss ib ly  be  
r e l a t ed  to t h e  d i f f icu l ty  of t he  t i ssue  to  m a i n t a i n  a n  
a d e q u a t e  m e t a b o l i c  level.  

Riassunto. I b a t t e r i  s i m b i o n t i  endoce l lu la r i  dei B l a t t o i -  
dei svolgono a t t i v i t ~  p ropr ie  dei m i t o c o n d r i  oss idando  
a t t i v a m e n t e  l ' e -ke tog lu t a r a to ,  l ' i soc i t ra to ,  i n c r e m e n t a n d o  
l ' a t t i v i t ~  succino-ossidasica,  c i tocromo-C ossidasica  e la 
concen t r az ione  di  A T P  nel  tessuo ospi te  r i spe t to  a quello 
apos imbio t ico .  I1 m e t a b o l i s m o  del  glucoso e del glucoso-6- 
fosfato ~ eff ic iente  solo in p resenza  dei s imbion t i .  La  
concen t r az ione  di glucoso-6-fosfato ~ maggiore  nel  
t e s su to  s imbiot ico .  

U. LAUDANI, G. P. FRIZZI, C. ROGGI and  
A. MONTANI 

Symbiotic fat body Aposymbiotic fat body 

Succinate oxidase ~ 8.9 • 10 ~ 7.2 • 10 .3 
Cytochrome oxidase b 6.1 • 10 2 8.2 • 10 .3 
ATP c 3.6 • 10 .3 1.6 • 10 -a 
G-6-P a 1.3 • 10 .2 7.4 • 10 -a 

Activity in [zM 02/mg prot./min, in presence of Sorensen phosphate 
buffer, 48 ~zM, pH 7.6; EDTA, 300 ~zM; Na succinate, 27 [aM; 
cyt'ochrome C, 1 mg; (P) or (P') o.5 ml. (prot. conc. _~ 20 mg/ml). 
Volume of liquid = 3.0 ml. b Activity in [xM cytochrome C oxidized 
per min/mg of protein. ~ ~tM ATP/mg protein, a ~M G-6-P/mgprotein. 
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l~ber den Nikot ins tof fwechse l  be im Schwein  

Das s t a rke  In te resse  an  der  p h a r m a k o l o g i s c h e n  W i r k u n g  
yon  N i k o t i n  bzw. T a b a k r a n c h  h a t  zn zah t re iehen  U n t e r -  
s u c h u n g e n  t iber  den  Stoffwechsel  des N iko t in s  gef i ihr t  
(Hamste r ,  R a t t e  1, ~, Meerschweinchen ,  Maus, K a n i n c h e n  2, 
H u n d  3, K a t z e  ~ u n d  Menschh).  Ri ickschl t isse  aus  der  
p h a r m a k o l o g i s c h e n  W i r k u n g  yon  S u b s t a n z e n  a m  Tier  auf  

den  Menschen  sche inen  in m a n c h e r  H i n s i c h t  be im  Schwein  
besonders  gu t  m6gl ich  zu sein% E s  is t  d a h e r  wi inschens-  
wert ,  s u c h  die W i r k u n g  yon  T a b a k r a u c h  a m  Schwein  zu 
pri ifen.  Dies e rschien  b i sher  n i c h t  s innvol l ,  da  n a c h  
U n t e r s u c h u n g e n  yon  WZRLE u n d  M~LLER ~ das  Schwein  
n i c h t  zum A b b a u  v o n  N i k o t i n  in  der  Lage sein soll. W i t  


