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Table II. Influence of carboxypeptidase B on the amount of lysiue and arginine, incorporated into the fraction containing aggregation factor 

Labelled Aggregation factor Aggregation factor incubated Acid solubie radioactivity 
amino acid with earboxypeptidase B released by carboxypeptidase B 

Total Acid insoluble Total Acid insoluble Absolute ( % ) 
(cpm) (epm) (epm) (cpm) (epm) 

L-lysine 2,115 1,885 2,020 710 1,080 59 

L-arginine 4,380 4,010 4,495 840 3,285 81 

Sponge material (7 g) cut into cubes of 2 mm 8 was incubated in 40 ml tittered sea water with 50 ~xCi l*C-L-arginine (The Radiochemical Cen- 
tre: spec. activity 318 mCi/mmol) and 50 [xCi 14C-L-lysine (The Radioehemieal Centre: spec. activity 318 mCi/mmol) in an incubator 5. After 
a period of 24 h at 18 ~ aggregation factor has been isolated up to step IV (Table I) as described above. The fractions containing the aggrega- 
tion factor were incubated with 200 [zg earboxypeptidase B/ml. Acid insoluble fraction 13 and radioactivity 5 were determined as described. 

Zusammen/assung. Chemisch dissoziierte Zellen des 
Kiese l schwammes  Geodia cydonium reaggregieren auf- 
g rund  zweier verschiedener  Reaggrega t ionspr inz ip ien .  
Der  Aggregat ionsfaktor ,  auf den  die Pr im~raggrega t ion  

13 H. R. MAHLER and B.J. BROWI~, Arch. Biochem. Biophys. 125, 
387 (1968). 
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zuri ickgeht,  ist  membrangebundei1  und  wird  d u t c h  
P ro t easen  n ich t  inakt iv ier t .  Der  sekund/ire Aggregat ions-  
fak tor  wurde  500fach angereichert .  Das Molekulargewicht  
dieses Aggregat ionsfaktors  be t r~g t  e twa  20000 Dal tons ;  
er ist  m i t  e inem r ingf6rmigen Makromoleki i l  (2• 
Daltons)  assoziiert .  
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Free Amino Acid Composition of the Hemolymph of the Larval Blackfly S i m u l i u m  
v e n u s t u m  (Diptera: Simuliidae) 

Recen t  a t t en t i on  has focused upon  the  possibi l i ty  of 
using m e r m i t h i d  nema todes  as b iocont ro l  agents  of 
blackflies 1. However ,  field in t roduc t ions  of such mer-  
mi th ids  canno t  be made  wi th  probable  success unt i l  
procedures  are devised for mass  cu l t iva t ing  the i r  infect ive 
stage(s). The lack of in fo rmat ion  concerning phys io logy  
(esp. h e m o l y m p h  composi t ion)  of the  simuli id hos t s  is a 

cons ide rab le  h inde rance  to  in v i t ro  cul ture of these  ne- 
matodes ,  because t h e y  der ive  n u t r i m e n t  f rom the  hos t ' s  
h e m o l y m p h  dur ing  paras i t ic  d e v e l o p m e n t  wi th in  the  
insec t ' s  hemocoel .  The m e r m i t h i d  Mermis nigrescens 
Duja rd in  synthes izes  pro te ins  f rom amino  acids avai lable 
wi th in  the  hos t  hemolymph ,  bu t  no t  f rom a d ie t a ry  supply  
of d ipep t ides  or p ro te ins  2. Therefore,  th is  s t u d y  was done 
to  inves t iga te  the  free amino acid compos i t ion  of t he  
h e m o l y m p h  of the  larvae of Simulium venustum, a black-  
fly species suscept ible  to m e r m i t h i d  pa ras i t i sm 8 

Field-col lected larval  blackfl ies were held in an incu- 
ba to r  a t  10 ~ unt i l  the i r  h e m o l y m p h  could be ex t rac ted .  
Insec t  larvae sampled  for blood were p r imar i ly  of 'ma tu r -  
ing'  and ' m a tu r e '  deve lopmen ta l  s tagesL Using a stereo- 
microscope,  h e m o l y m p h  was ob ta ined  f rom surface-dr ied 
larvae  by  gent ly  punc tu r ing  the  insects  in the i r  proleg 
region wi th  a f ine insect  pin. The fluid which  exuded  was 
d rawn to fill a 10 ~zl capi l lary tube,  expel led in to  a t e s t  
tube  conta in ing  the  pooled blood sample  and s tored  
frozen a t  - -20~ The pooled sample  comprised  blood 
t aken  f rom over 3,000 insects,  because only a ve ry  small  
volume of h e m o l y m p h  (0.3-0.5 tzl) could be ob ta ined  f rom 
each blackf ly  larva.  Therefore,  the  pooled sample  was 
s tored frozen t h r o u g h o u t  th is  p ro t r ac t ed  blood ex t rac t ion  
process.  

The pooled h e m o l y m p h  sample  was deprote in ized  by  
adding  30 mg sulphosal icyl ic  acid, t h e n  cent r i fuged 
(6,500 g, 4~ 20 min). The vo lume of the  super l la tan t  was 
ad jus ted  to 2.0 ml  using a 0.2 N sodium c i t ra te  buffer  
(pH 2.2), t h e n  analyzed by  the  B e c k m a n  physiological  
fluids procedure  5 using a Beck man  Model  121 amino  acid 
analyzer .  To de te rmine  to ta l  h e m o l y m p h  levels of amino  
ni trogen,  e ight  5 al a l iquots  of blood were col lected f rom 
S. venustum larvae.  E a c h  a l iquot  was deprote in ized  by  
blowillg it in to  2 ml  of 5% t r ichloroacet ic  acid. Af ter  
eent r i fugat ion ,  0.5 inl samples  of the  s u p e r n a t a n t  fluid 
were assayed color imetr ical ly  for to ta l  amino  n i t rogen s. 
The mean  free amino  acid level of larval  S. venustum 
h e m o l y m p h  was found  to  be 39.3 4- 1.3 mg amino  N per  
100 ml h e m o l y m p h .  

Consis tent  wi th  f indings  for several  o ther  insect  spe- 
cies ~-9, the  larval  S. venustum has h igh  concen t ra t ions  of 
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Free amino acid or ninhydrin Hemolymph concentration Free amino acid or ninhydrin positive Hemolymph concentration 
positive substance (~xmoles/ml) substance (~xmoIes/ml} 

Cysteic acid 0.030 Methionille 0.252 
Phosphoserine 0.028 Isoleucine 0.507 
Glycerophosphoethanolamine 0.257 Leucine 0.897 
Phosphoethanolamine 0.009 Glucosamine Nil 
Taurine 0.267 Tyrosine 0.100 
Urea 3.050 Phenyialanine 1.120 
Methiolline Sulfoxide 0.332 Galaetosamine Nil 
Hydroxyproline Nil fl Alanine 0.136 
Aspartie Acid 0.231 fi Aminoisobutyric acid Nil 
Threonine 0.894 Hydroxylysille Trace 
Serine 1.590 y-Aminobutyric Acid 0.014 
Glutamine + asparagine 6.400 Ornithine 0.012 
Sarcosine Nil Ethanolamine 2.170 
Proline 2.490 Ammonia 5.050 
Glutamic Acid 2.230 Lysine 1.670 
Citrulline 0.074 1-Methylhistidin~ Nil 
Glycine 2.610 Histidine 2.500 
Alanine 3.350 3-Methylhistidine Nil 
c~ Aminoadipie Acid Nil Anserine Nil 
ct Amino-n-butyric Acid Nil Tryptophan 0.245 
Half Cystine 0.034 Creatinine Nil 
Homocitrulline * Carnosine Nil 
Cystathionine 0.065 Arginine 1.790 
Valine 0.930 Dihydroxyphenylalanine 2.350 

* Two small peaks eluted in the same areas as homocitrulline and norleucine respectively, but positive identification was not possible. 

g lu tamic  acid, aspar t ic  acid and amide  der ivat ives ,  glu- 
t amine  and asparagine  wi th in  i ts  hemolymph .  Such amino  
acids have  a cent ra l  role in insect  me tabo l i sm as reservoirs  
for t r ans fe rab le  amino groups10 consequent ly ,  ex t r eme ly  
high levels of a lanine (a p roduc t  of glutarnic acid t rans -  
amina t ion)  were also recorded wi th in  the  hemolymph .  The 
high blood concen t ra t ions  of pheny la l an ine  and d ihydro-  
xypheny la l an ine  (dopa) m a y  be ind ica t ive  of cut icular  
t ann ing /me lan i za t i on  r a the r  t h a n  melan iza t ion  of the  
blood sample  because the  blood did no t  da rken  apprec iab-  
ly dur ing  storage.  The presence  of orn i th ine  cycle inter-  
media tes  (arginine, orni thine,  citrulline) and large 
quan t i t i e s  of a m m o n i a  and urea wi th in  the  h e m o l y m p h  
suggests  t h a t  the  larvae  of S. venustum m a y  use b o t h  
amrnoniote l ic  and  ureotel ic  modes  of n i t rogen excret ion,  
p r e sumab ly  as an a d a p t a t i o n  to the i r  aqua t ic  hab i ta t .  
Taurine,  a c o m m o n  blood me tabo l i t e  (of unknown  func- 
tion) of insects; was p re sen t  a t  modera t e  levels wi th in  the  
simuli id hernolymph.  The high level of proline wi th in  the  
hemoly rnph  of S. venustum larvae agrees wi th  f indings  for 
several  unre la ted  insect  species ~, 8, n and m a y  indicate  an 
in te r re la t ionsh ip  be tween  th is  amino  acid and glutarnic 
acid. Ethanolarn ine ,  serine (both phospha  t ide  components) ,  
glycine ( involved in m a n y  metabo l ic  processes) and  
h is t id ine  were also p resen t  a t  h igh concent ra t ion .  How-  
ever, the  he rno lymph  con ta ined  very  low levels of tyrosine,  
half  cys t ine  (i.e. to ta l  of eys te ine  plus cyst ine)  and cysta-  
th ionine .  

The h e m o l y m p h  of the  larval  S. venustum cons t i tu tes  a 
nu t r i t iona l ly  r ich m i c r o e n v i r o n m e n t  for the  deve lopmen t  
of paras i t ic  rnermithids .  These nema todes  p robab l y  feed 
by  absorb ing  essent ia l ly  low molecular  weight  metabo l i t es  
f rom the  hos t  hemolyrnph 1,. Thus, cont inuing  nu t r i t iona l  

and phys ico-chemica l  s tudies  of the  hos t  h e m o l y m p h  
should provide  useful in format ion  for devis ing media  
sui table for cul tur ing  these  po ten t i a l  b iocont ro l  agents  13 

Zusammen/assung. Nachweis ,  dass die Aminosgure-  
Zusarnmense tzung  der  H / imo lymphe  yon Simulium- 
venustum-Larven to ta l  39.3 • 1.3 rng Amino  N pro 100 ml 
enth/il t ,  wohei  als haupts / ichl iche Ninhydr inpos i t i ve  
Bes tandte i le  der  H/ imolymphe  Alanin,  Asparagin,  Aspa- 
raginsgure,  Dioxyphenyla lan in ,  ~_thanolanin, Glu tamin-  
s~ture, Glutarnin,  Glycin, His t id in ,  Pheny lManin  und  
Serin gefunden  wurden,  wghrend  nur  kleine Mengen yon 
Tyrosin,  Ha lb -Cys t in  und Cys ta th ion  festgestel l t  wurden.  
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