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Growth and survival of A. velutinana on diets with L-methionine supplemented with DL-lanthionine and L-cysteine 

EXPERIENTIA 32/12 

Sulphur amino acids (mg/100 g diet) Total 
larvae 

Percent survival to Male (avg.) Females (avg.) 

Larval- Pupal- Days to Pharate 
pupal adult larval- adult 
eedysis ecdysis pupal period 

ecdysis (days) 

Days to 
larval- 
pupal 
ecdysis 

Pharate 
adult 
period 
(days) 

100 Methionine 56 
25 Methionine + 631 lanthionine 58 
25 Methionine + 241 cysteine 55 
25 Methionine 53 

96.4 �9 94.6 ~ 26.2 ~ 7.2 �9 
81.0 b 78.9 u 33.8 b 7.8 �9 
92.7 ~ 92.7 ~ 25.8 ~ 7.5 �9 

27.1 ~ 
35.6 b 
26.5 ~ 

7.5 ~ 
8.1 ~ 
7.9 �9 

~, b Values not followed by same letter are significantly different (p < 0.05). 

l an th ionine  and  because of t he  possible non-ut i l iza t ion  
of the  D-isomer, one and a hal f  t imes  of the  calcula ted 
a m o u n t  of l an th ionine  was used. 

Lan th ion ine  par t ia l ly  spared  the  d ie ta ry  meth ion ine  
r equ i r emen t  of A. velutinana larvae (Table), bu t  larval  
survival  and  g rowth  on the  lan th ionine  supp l emen ted  
die t  were s ignif icant ly  poor  compared  to  non-supple-  
m e n t e d  me th ion ine  (100 mg/100 g diet) and  cys te ine  
supp lemen ted  meth ion ine  diets.  The r ep lacemen t  of 
cyste ine and  o ther  member s  of the  cys ta th ion ine  p a t h -  
w a y  by  lan th ionine  for par t ia l  spar ing of d ie t a ry  meth io-  
nine was in comple te  ag reemen t  wi th  the  s t u d y  in which  

lan th ionine  suppor t ed  the  g rowth  of ra t s  on cyst(e)ine 
deficient  diets  7. The convers ion of cyst(e)ine to  lanthio-  
nine in B. mori has  also been repor ted  *~ The par t ia l  
spar ing of d ie t a ry  meth ion ine  by  a n o n - m e m b e r  of the  
cys ta th ion ine  p a t h w ay ,  suggests  the  possibi l i ty  of me tab -  
olism of su lphur  amino  acids by  routes  o ther  t han  the  
cys ta th ion ine  p a t h w ay .  Rad iomet r i c  s tudies  wi th  asS- 
meth ion ine  and  3~S-cyst(e)ine in B. mori 9,*~ A. pernyi 9 
and A. velutinana** also suppor t  the  above suggestion.  

11 G. K. SHARMA, G. C. ROCK and E. HODGSON, J. Insect Physiol. 18, 
1333 (1972). 

S o m e  P r o p e r t i e s  of C h o l i n e s t e r a s e  of the  P lant  N e m a t o d e  Aphelenchoides ritzema-boosi 
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Summary. Act iv i ty  and  proper t ies  of chol inesterase  f rom Aphelenchoides ritzema-boosi, a p lan t  feeding nematode ,  were 
inves t iga ted  by  tes t ing  the  reac t ion  of the  enzyme wi th  d i f ferent  subs t ra tes  and inhibi tors .  Bu tyry l th iocho l ine  was a 
be t t e r  subs t r a t e  t h a n  propionyl-  and acetyl thiochol ine.  W h e n  compared  wi th  m a m m a l i a n  e ry th rocy te  and p lasma  
cholinesterase,  the  n e m a t o d e  enzyme was found to be ex t r eme ly  insensi t ive t owards  a n u m b e r  of wel l -known organo- 
phosphorus  and c a r b a m a t e  inhibi tors .  

In  con t r a s t  to a n u m b e r  of paras i t ic  n e m a t o d e  species 
in animals,  such as Ascaris, Haemonchus, Nippostrongylus 
and o thers  1, p l an t  n e m a t o d e s  have  no t  ye t  been t e s t ed  
for the  presence  of cholinesterase(s).  The mos t  likely 
reason for this  lack of in fo rmat ion  is the  minu te  size of 
these organisms connec ted  wi th  difficulties in p ropaga t -  
ing t h e m  in quant i t i es  sufficient  for enzyme analysis  and  
character isa t ion .  By  es tabl ishing a mass  cul ture of 
Aphelenchoides ritzema-boosi on tobacco foliage, we have  
now been successful in ob ta in ing  enough nema todes  for 
some in vi t ro  s tudies  using d i f ferent  subs t ra tes  and in- 
hibitors.  

Materials and methods. The nema tode  suspension which  
resul ted  f rom washing  the  foliage wi th  disti l led wa te r  
was sub jec ted  to  homogenisa t ion  in an all-glass Po t t e r -  
E lveh j em  homogeniser  in the  presence  of some quar t z  
sand. The organic t issue was t h e n  fu r ther  d i s in tegra ted  
in an ul t rasonic  wa te r  ba th .  The whi te  mi lky suspension 
was f inal ly cent r i fuged at  3000 g for 15 min  and the  
s u p e r n a t a n t  s tored deep-f rozen in 2-ml-port ions.  Before 
the  ac tua l  t es t s  enzyme working solutions were f reshly  
p repa red  by  'dissolving'  a f rozen por t ion  ill an appro-  
pr ia te  a m o u n t  of p h o s p h a t e  buffer  p H  8.0 (1/15 M). A 

pro te in  concen t ra t ion  of 100-300 t*g/ml working solut ion 
was found to  be conven ien t  for the  exper iments .  Cholin- 
esterase act ivi t ies  were de t e rmined  wi th  the  procedure  
of ELLMANN and coworkers  2, using th iochol ines ters  as 
subs t ra tes  and dithio-bis-nitrobenzoic acid (DTNB) as 
su l fhydryl  reagent .  

Results. The resul ts  p resen ted  in Table 1 d e m o n s t r a t e  
t h a t  t he  chol ines terase  of dphelenchoides ritzema-boosi 
hydrolyses  bu ty ry l th iocho l ine  (BSCh) more  rapid  t h a n  
propionyl th iochol ine  (PSCh) and ace ty l th iochol ine  
(ASCh). For  BSCh and  PSCh Kin-values were graphica l ly  
de t e rmined  to be 4.8 • 10-~ M and  1.3 • 10 -a M, respec- 
t ively.  For  ASCh the  L ineweaver -Burk  p lo t  did no t  give 
a s t ra igh t  line which  m a y  indica te  t h a t  two enzymes  are 
involved in the  hydrolys is  of th is  par t icu lar  subs t ra te .  
There  was no inhibi t ion by  excess of subs t r a t e  up to a 

1 A. SILVER, in The Biology o] Cholinesterases (North-Holland Publ. 
Company, Amsterdam Oxford, American Elsevier Publ. Com- 
pany, Inc., New York 1974). 

2 G. L. ]~LLMAN, D. K. COURTNEY, V. ANDRES and R. M. ]TEATHER- 
STONE, Biocheln. Pharmae. 7, 88 (1961). 
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Table 1. Cholinesterase activity determined in homogenates of the 
plant nematode Aphelenchoides ritzema-boosi with 3 different sub- 
strates 

Substrate nmoles SHfinin/mg protein produced with 
concentration (M) ASCh PSCh BSCh 

1.25 • 10 -4 0.74 0.71 1.41 
2.50 • 10 .4 1.16 1.13 2.11 
5.00 7, 10 -4 1.54 1.94 3.17 
1.00 • 1() -3 2.22 2.96 4.05 
2.00 • 10 -3 3.34 4.50 4.89 

The total volume of the reaction mixture was 3 ml, the incubation 
temperature 20~ The amounts of sulfhydryl groups produced 
during an incubation period of 10 rain were obtained from a cali- 
bration curve in which absorbance (412 rim) was plotted against 
amount of reduced gluthathione. 

Table 2. Is0-values obtained with purified bovine erythrocyte acetyl- 
cholinesterase (ACHE), human plasma cholinesterase (ChE), and 
nematode ehelinesterase (N-ChE) using different carbamates 'and 
organophosphates as inhibitors 

tnhibitors I~0-values (M) with 
AChE ChE N-ChE 

c o n c e n t r a t i o n  of 2 • 10 s M ASCh.  Again ,  t h i s  f ind ing  
ind ica tes  t h a t  t h e  cho l ines t e r  h y d r o l y s i n g  e n z y m e  of 
Aphelenchoides is n o t  a t yp i ca l  ace ty l cho l ines t e ra se .  

I n  c o m b i n a t i o n  w i t h  t h e  o p t i m u m  s u b s t r a t e  BSCh,  a 
f u r t h e r  c h a r a c t e r i z a t i o n  of t he  n e m a t o d e  e n z y m e  w a s  
car r ied  o u t  b y  c o m p a r i n g  i ts  i n h i b i t i o n  w i t h  t h a t  of 2 
o t h e r  t y p e s  of cho l ines t e rases ,  e .g.  e r y t h r o c y t e  ace ty l -  
cho l ines t e r a se  a n d  h u m a n  p l a s m a  p s e u d o c h o l i n e s t e r a s e ,  
u s ing  a n u m b e r  of  w e l l - k n o w n  c a r b a m a t e  a n d  o r gano -  
p h o s p h o r u s  insect ic ides  as i nh ib i to r s .  The  r e su l t s  (Table  2) 
d e m o n s t r a t e  t h a t  t he  n e m a t o d e  e n z y m e  is e x t r e m e l y  
in sens i t i ve  to  m a n y  i n h i b i t o r s  w h e n  c o m p a r e d  w i t h  t h e  
b e t t e r  k n o w n  t y p e s  of c h o l i n e s t e r a s e s  f r o m  m a m m a l s .  
E v e n  eser ine  w h i c h  is a p o t e n t  i n h i b i t o r  of m o s t  chol in-  
e s te rases  in v i t r o  r e qu i r e s  a c o n c e n t r a t i o n  of a p p r o x i -  
m a t e l y  10 -4 M to  inh ib i t  t h e  e n z y m e  b y  50%.  O n l y  
p a r a o x o n  r e su l t ed  in i nh ib i t i on  v a l u e s  c o m p a r a b l e  to  
t h o s e  o b t a i n e d  w i t h  the  t w o  o t h e r  enzymes .  

I t  is t oo  ea r ly  to  conc lude  f r o m  t h e  f i rs t  s t ud i e s  on  t h e  
cho l ines t e ra se  of a p l a n t  n e m a t o d e  species  t h a t  t h e  en t i r e  
g r o u p  of t he se  o r g a n i s m s  c o n t a i n s  a t y p e  of e n z y m e  
u n i q u e  w i t h  r e g a r d  to  s u b s t r a t e  spec i f ic i ty  a n d  i nh ib i t i on  
p rope r t i e s .  T h e  p r e s e n t  f ind ings ,  h o w e v e r ,  m a y  well  
in i t ia te  f u r t h e r  i n v e s t i g a t i o n s  on  a d d i t i o n a l  species,  s ince 
a modi f i ed  e n z y m e  o f t en  c o n s t i t u t e s  a t a r g e t  for m o r e  
select ive c o n t r o l  agen t s .  

Eserine 7• s 1• -7 8•  -5 
Aldicarb 2 • 10 -6 2 • 10 -g >10 4 
Carbaryl 3 • 10 ~ 1 x 10 -a >10 -4 
Dioxacarb 5 x 10 -6 1 • 10 -'5 >10 -4 
Carbofuran 5 x 10 -8 4 • 10 "'~ 6 • 10 -s 
Monocrotophos 2 x 10 ,5 8 X 10 -7 ~>10 -4 
Dichlorvos 8 x 10 -7 7 • 10 -s 3 • 10 7 
Paraoxon 5 • 10 s 1 • 10 -s 4 • 10 -s 

The Is0-vaiues were determined by an automated cholinesterase 
inhibition procedure (for details see G. Voss3). Enzymes and in- 
hibitors were pre-ineubated at 37~ for 20 min and then reacted 
with the preferred substrates. 

a G. Voss, it1 Advances in Auton*ated Anatysis (Technicon Int. 
Congr., Chicago 1969; Mediad Inc., White Plains, N. Y. 1970). 
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Summary. S e r u m  r i b o n u c l e a s e  a c t i v i t y  be fore  a n d  a f t e r  p h y s i c a l  exercise  in h e a l t h y  p e r s o n s  w a s  e s t i m a t e d .  I t  is f o u n d  
t h a t  a w o r k  load of 6000 k g m / 5  m i n  inc reased  r ibonuc lease  a c t i v i t y  m e a s u r e d  a t  p H  8.5 a n d  decreased  the  a c t i v i t y  of the  
s a m e  e n z y m e  m e a s u r e d  a t  p H  7.0 in t h e  p re sence  of Z n S O  4. T h e  o b s e r v e d  c h a n g e s  were  m o r e  p r o n o u n c e d  in u n t r a i n e d  
t h a n  in t r a i n e d  pe r sons .  

I t  is c o m m o n l y  k n o w n  t h a t  p h y s i c a l  a c t i v i t y  causes  a 
v a r i e t y  of b i o c h e m i c a l  c h a n g e s  in t h e  blood.  F o r  e x a m p l e ,  
i t  h a s  been  d e m o n s t r a t e d  t h a t  t h e  a c t i v i t y  of seve ra l  
e n z y m e s  in t h e  b lood  s e r u m  w a s  a f fec ted  b y  exercise  1. 
C h a n g e s  in a c t i v i t y  of A1AT, A s p A T ,  C P K ,  M D H ,  L D H  
fo l lowing  p h y s i c a l  exerc ise  h a v e  been  r e p o r t e d  ~-5. As  
t he se  c h a n g e s  were  u s u a l l y  less p r o n o u n c e d  in t r a i n e d  
t h a n  u n t r a i n e d  sub jec t s ,  t h e  e s t i m a t i o n s  of e n z y m e  ac- 
t i v i t i e s  be fore  a n d  a f t e r  exercise  m a y  p r o v i d e  i n f o r m a -  
t i o n  a b o u t  t h e  p h y s i c a l  f i tness  of  ind iv idua l s .  

R e c e n t l y  ALBANESE e t  al. s,7 h a v e  s u g g e s t e d  t h a t  t h e  
m e a s u r e m e n t  of s e r u m  r i b o n u c l e a s e  a c t i v i t y  before  a n d  
a f t e r  exerc ise  m a y  ind i ca t e  to w h a t  e x t e n t  an o r g a n i s m  

1 The abbreviations used are: AIAT, alanine aminotransferase; 
AspAT, aspartate alninotransferase; CPK, creatine phosphoki- 
nase; LDH, lactate dehydrogenase; MDH, malate dehydrogenase; 
RNA, ribonucleie acid; RNAase, ribonuclease. 

2 W. M. FOWLER, S. R. CItOWDHURY, C. M. PEARSON, G. GARDNER 
and R. BRATTON, .T. appl. Physiol. 77, 943 (1962). 
G. W. GARDNER, •. BRATTON, S. t~. CHOWDIIURY, W. ~[. I2OWLt~2R 
and C. M. PEARSON, J. Sports reed. phys. Fitn. 4, 103 (1964). 

4 K. F. SWAIMAN and E. A. AWAD, Neurology 74, 977 (1964). 
5 H. A. SCtILANG and G. H. KIRKPATRICK, Aria..1. reed. Sci. 242, 

122 (1961). 

6 A. A. ALBANESE arid J. D. HOGKETT, Fed. Proc. 24, 172 (1965). 
A. A. ALBANESE, L. A. ORTO and D. N. ZAVATTARO, Nutr. Rep. 
Int. 3, 165 (1971). 


