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of l ima  b e a n  root  cells. As in  snap  bean,  no  
e n d o d e r m a l  invas ion  of l ima  b e a n  roots was 
observed, a reac t ion  i n d i c a t i n g  a physical  
ba r r i e r  or poor  food source as i n  snap  bean.  
T h e  presence of h igher  q u a n t i t i e s  of 
phenols  associated wi th  necrosis in  the 
endodermis ,  as suggested by T o w n s e n d  (10), 
wou ld  seem un l ike ly  since no  di f ferent ia l  
necrosis was seen be tween  root  tissues. 
Ra ther ,  a s t rong necrot ic  reac t ion  was 
a p p a r e n t  in  all  tissues i nvaded  by the 
nematode .  T h e  necrosis may have been  
s imply  a w o u n d  reac t ion  that  was due  to 
des t ruc t ion  by the nematode ,  or perhaps  
diffusion of n e m a t o d e  enzymes, or diffusion 
of n e m a t o d e - i n d u c e d  elicitors to ad jacen t  
cells. T h e  last two exp l ana t i ons  wou l d  
seem p laus ib le  since necrosis was ev ident  
in  several cells beyond  those which had  
been  contacted  by the nematode .  T h e  
different  react ions to P. scribneri by snap  
b e a n  a n d  l ima bean  suggest tha t  differences 
in  pheno l i c  cons t i tuen ts  or quan t i t i e s  were 
involved  (2, 7, l 1). F u r t h e r  s tudy to 
d e t e r m i n e  chemical  characteristics is needed  
in  order  to e lucidate  the differences in  
ce l lu lar  reac t ion  of l ima  bean  a n d  snap  
bean  to P. scribneri. 
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Chemotactic Responses of Male Caenorhabditis elegans 
DAVID B. DUSENBERY I 

Abstract: Cultures of C. elegans containing a high proportion of males were subjected to 
chemotactic tests by using the method of countercurrent separation. The responses of males and 
hermaphrodites were determined. Both types of worms preferred Na+ over 1/2 Ca+2, CI- over 
NO3-; they were attracted to NaCI. OH-, cyclic AMP, pyridine, CO,, in borate buffer (pH 8.8); 
and avoided CO 2 in phosphate buffer (pH 6.0), D-tryptophan, and acid. It was thus concluded 
that male C. elegans have the same chemotactic responses that hermaphrodites of this species 
are known to have. Key Words: attraction, behavior, nematode, repulsion. 

I t  has long  been  supposed that  chemical  
s t imul i  play an  i m p o r t a n t  role in  the lives 
of nematodes ,  especially wi th  regard  to host 
and  mate  f ind ing  (1, 7). I n  spite of this 
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suppos i t ion ,  re la t ively  l i t t le  research has 
been  repor ted  on  the behav iora l  responses 
of nematodes  to ident i f ied  chemicals.  

Recent ly ,  a more  systematic analysis o[ 
the effectiveness of var ious chemicals  in  
a t t rac t ing  or r epe l l ing  the free-l iving soil 
n e m a t o d e  Caenorhabditis elegans has been  
performed.  W a r d  (8) f o u n d  that  this species 
was a t t rac ted  to Na  +, CI-, OH- ,  a n d  



Chemotaxis  in Male C. elegans: Dusenbery 353 

adenosine 3':5'-cyclic monophospha te  but  
not to the many  other chemicals tested. In  
addition, he suggested that  all four of the 
chemicals are detected by distinct receptors. 
Dusenbery (4) found an at tract ion to CO2 
(or at least one of the forms of CO~ in 
aqueous solution) in the presence of p H  8.8 
borate buffer, an avoidance of COx in p H  
6.0 phosphate  buffer, and an avoidance of 
acid. More recently, it has been found that  
C. elegans avoids D-t ryptophan and is at- 
tracted to pyridine (5, 6). 

Previous studies on C. elegans were all 
performed on hermaphrodi tes .  Therefore ,  a 
question arises as to whether  males of this 
species have s imilar  chemotactic behavior.  
Detailed anatomical  investigations of the 
sensory neuroana tomy of the head of C. 
elegans indicate that  males are nearly 
identical to hermaphrodi tes  except for one 
addi t ional  type of sensory ending (8). 

T h e  studies repor ted here demonstra te  
that  male C. elegans have all the chemo- 
tactic responses to defined chemicals that  
have been repor ted in hermaphrodi tes .  

M E T H O D S  AND M A T E R I A L S  

T h e  strain of C. elegans used (N2) and 
its methods of culture are those of Brenner 
(2). Male-containing cultures were generally 
started by int roducing approximate ly  5 
adul t  hermaphrodi tes  and 10 males to a 
petri  dish containing bacteria in a spot 
(approximately  1-cm diam) at the center. 
All the nematodes were generally found in 
the spot within 1 h. T h e i r  relatively high 
concentrat ion in the small spot was 
expected to increase the probabi l i ty  of 
mating.  After about  4 days at 20 C, each 
dish generally contained hundreds of adul t  
worms of which roughly 20% were males. 

T h e  chemotaxis experiments  were based 
on the method of countercurrent  separat ion 
(3). In this method,  a dense solution flows 
downward along the bo t tom side of an 
inclined tube, while a light solution, 
ttoating on the dense solution, flows upward  
along the top side. Several hundred  
nematodes are injected into the center of 
the tube. A response to an a t t ractant  or 
repel lent  carried in one of the solutions is 
determined by observing the propor t ion  of 
animals which emerge from the tube with 
that  solution. 

In  all experiments  repor ted  here, a pair  
of countercurrent  tubes ("a" and "b")  was 
run  in parallel with nematodes from the 
same popula t ion  in both  tubes, but  wi th  
the a t t ractant  distr ibution of the solutions 
reversed in the two tubes. An overall 
measure (R) of the response to the 
a t t ractant  was then defined as 100 (Ra' + 
Rb' -- 1), where R , '  is the fraction of worms 
from tube "a"  that  were found in the 
solution with the higher concentrat ion of 
at t ractant  and similarly for Rt,'. Th i s  
measure defines a scale on which +100 
corresponds to complete attraction, 0 
corresponds to no response, and - 1 0 0  
corresponds to complete avoidance. This  
scale is tile same measure as previously 
used (4). In  the present  series of experi- 
ments, hermaphrodi te  and male nematodes 
were counted separately, and separate 
responses were calculated for herma- 
phrodites and males f rom the same 
populat ion.  

In  all chemotaxis experiments,  0.5% 
methylcellulose (Fisher 1500 centipoise) 
was present in both  light and dense 
solutions to increase the nematodes '  
swimming ability. T h e  light solutions 
contained 10 tzg/ml of the dye Light  Green 
SF Yellowish to allow visualization of the 
flow patterns, and the dense solutions 
contained 2% sucrose to produce the 
density difference. In  addit ion to the 
previously ment ioned materials,  one of the 
following sets of stimulus chemicals and 
buffers was added, according to the 
part icular  exper iment  being performed.  
These were: (i) NaC1 (10ram Nacl in one 
solution; (ii) Na + vs. 1/2Ca +2 [10mM NaNO3 
in one solution and 5mM Ca(NO3)2 in the 
other. T h e  NaNO3 was treated as the 
stimulus in de te rmin ing  the sign of the 
response]; (iii) C1- vs. NO3 [10mM KC1 in 
one solution and 10mM KNO3 in the other. 
T h e  KC1 was treated as the stimulus in 
de termining the sign of the response]; (iv) 
O H -  [ lmM K O H  in one solution and 
50mM NaC1 in both. Under  these condi- 
tions there is no response to K ÷ (4)]; (v) 
cAMP [ l m M  adenosine 3':5'-cyclic mono- 
phosphate  in one solution and  5mM 
K2HPO4 + 5raM KH2PO4 in both  
solutions]; (vii) Pyridine [lmM pyridine in 
one solution and 5mM K2 HPO4 + 5ram 
KH~PO4 in bo th  solutions]; (vii) CO2 
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(borate) [ l m M  N a H C O 3  in  one  so lu t ion  
and  10mM sodium bora te  buffer of p H  8.8 
in  b o t h  solut ions];  (viii) CO2 (phosphate)  
[ h n M  N a H C O s  in  one  so lu t ion  a n d  2 5 m M  
potass ium phospha te  buffer of p H  6.0 in  
bo th  solut ions];  (ix) D - t r y p t o p h a n  [5mM 
D - t r y p t o p h a n  i n  one so lu t ion  a n d  5mM 
K2HPO4 + 5 m M  KH2PO4 in  bo th  solu- 
tions]; (x) H + (unbuffered)  [ lmM H N O a  in  
one  so lu t ion  a n d  50raM NaC1 in  both .  
U n d e r  these cond i t ions  there is no  response 
to NOs-  (4)]; (xi) H + (phosphate)  [6mM 
HNO3 in  one  so lu t ion  and  5 m M  K2HPO4 
+ 5 m M  KH2PO4 + 50raM NaC1 in  b o t h  
solut ions];  (xii) H + (citrate) [15ram HNO3 
in  one so lu t ion  and  10ram potass ium citrate 
buffer of p H  6.0 + 50raM NaC1 in  b o t h  
solut ions] .  

R E S U L T S  A N D  D I S C U S S I O N  

T h e  chemotac t ic  responses of males a nd  
he rmaphrod i t e s  f rom the same cul tures  to 
12 different  tests are presen ted  i n  T a b l e  1. 
I n  each test, the response of the males was 
near ly  as s t rong or s t ronger  t h a n  that  of 
the he rmaphrod i tes .  O n  the average, the 
males r e sponded  somewhat  more  s t rongly  
t h a n  the he rmaphrod i tes .  T h i s  difference 
may  resul t  f rom a greater  s w i m m i n g  ab i l i ty  
of the males (which are longer  for the i r  
thickness than  the hermaphrodi tes ) .  T h i s  
hypothesis  has been  tested by us ing  s t ra in  
E678, a m u t a n t  isolated by B r e n n e r  i n  
which  he rmaphrod i t e s  also have a greater  
l eng th  for a given thickness (2). 
H e r m a p h r o d i t e s  of this s t ra in  r e sponded  
more  s t rongly t h a n  N2 he rmaphrod i t e s  i n  
these same tests. T h u s ,  there is no  reason 
to conc lude  f rom these exper iments  tha t  
males are any  different  i n  the i r  sensory 
abi l i t ies  t h a n  he rmaphrod i tes .  T h i s  f ind ing  
is i n  accordance wi th  the observa t ion  tha t  
the sensory a n a t o m y  of b o t h  forms is 
s imi lar  (9). 
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TABLE 1. Chemotactic Responses of Caenorhab- 
ditis eh'gans. 

Response* 
Experiment Males Hermaphrodites 

NaCI + 100 + 100 
" + 100 +90 

Na+ vs. 1/2Ca+2 + 100 +98 
" + 100 + 92 

C1- vs~, NO 3- + 95 + 95 
+96 +88 

OH- + 75 + 79 
t, +44 +52 

cAMP +75 +96 
t, +82 +46 

Pyridine + 66 + 81 
it +73 +60 

C% (borate) +72 +9 
n +100 +78 
n +98 +63 

CO z (phosphate) --100 --95 
" --92 --57 
# --100 --100 

D-tryptophan --77 --87 
t, --71 --87 

H+ (unbuffered) --94 --92 
" --93 --66 

H+ (phosphate)  --I00 --71 
" --100 --86 

H +  ( c i t r a t e )  - - 1 0 0  - - 1 0 0  

~' --lO0 --96 

• Each line represents the results of testing one 
culture, containing both males and hermaphrodites, 
in one experimental situation by using a pair of 
tubes as described in Materials and Methods. Each 
experiment was performed two or three times with 
different cultures being used each time. The results 
for each culture are presented to provide an indica- 
tion of the variations found in these experiments. 
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