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Effect of cysteine on the sedimentation profiles of DNA of E. colt 
cells in alkMine sucrose. Logarithmic phase E. coZi K12 cells labelled 
in their DNA by all-Me-thymine were incubated at 37~ for 30 min 
in 'GS'-medium with and without eysteine and cysteamine. After 
incubation the sedimentation profiles were analyzed by the technique 
described by IV[CGRATH and WILLIAMSg. A) O--@, untreated control; 
V--V, treated with 0.5 mM cysteine; �9169 treated with 10 mM 
cysteine; [ ] - -~,  treated with 50 mM cysteine. Vertical bars indicate 
the 'S 1/2' values. B) O--O, untreated control; A--A, treated with 
30 mM cysteamine; l - - m ,  treated with 50 mM cysteamine. 

curve  3 : 17.1 ; curve  4: 17.6. As the  s ed i men t a t i o n  p a t t e r n  
and the  'S 1/2' were s imilar  a t  the  o ther  concen t ra t ions  
tes ted,  t h e y  were no t  ind ica ted  in the  figure. 

Cys teamine  used as a control  a t  concen t ra t ions  of 30 
and 50 m M  changed bo th  the  s ed imen ta t i on  p a t t e r n  and 
'S 1/2' values. These were found to  be : curve 1 : 17.0 ; curve 
2: 19.5; curve 3: 21.5. 

P re sen t  expe r imen t s  were based o n  our previous  
results  11,1~ according to  which  an asynchronous  syn thes i s  
of macromolecules  was induced  by  cysteine,  i.e. af ter  
add i t ion  of cysteine,  the  ne t  syn thes i s  of IRNA and of 
p ro te in  s topped  i m m e d i a t e l y  whereas  the  DNA synthes i s  
preceeded for abou t  30 rain. This  effect  of cys te ine  
appeared  at  a concen t ra t ion  of 0.2 m M  and i t  reached 
100% at  10 m M .  

I t  follows f r o m t h i s  t h a t  the  cys te ine - t r ea ted  cells are 
able to incorpora te  ~H- thymine  only for abou t  30 rain. 
This fact  becomes  a source of error  in expe r imen t s  in 
which the  incuba t ion  per iod  takes  60-90 min  or more.  
Dur ing  the  i ncuba t ion  per iod longer t h a n  30 min,  the  
un t r ea t ed  cells incorpora te  bigger q u a n t i t y  of radio-  
p ro tec t ive  t h y m i n e  due to the i r  unaf fec ted  DNA synthesis .  

The series of our  expe r imen t s  in which  the  incuba t ion  
per iod was 30 min,  showed t h a t  cys te ine  a t  concen t ra t ions  
of 0.5-50 m M  did no t  change  the  s ed i men t a t i o n  p a t t e r n  of 
DNA, hence p robab ly  did no t  cause s ingle-s t rand  breaks  
of DNA in E.  coli K12. 

Zusammen/assung. Mit bekan~ te r  Methode  wurde  die 
Akt iv i t / i t  des Cysteins in ve rseh iedenen  Konzen t r a t i onen  
fiber das Sed imenta t ionspro f i l  des D N S  yon  Escherichia 
coli }(12 Zellen gepri if t  und festgestel l t ,  dass Cyste in  das 
Sed imenta t ionsprof i l  des DNS n ich t  ver/ inderte .  
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T w o  D i f f e r e n t  A g g r e g a t i o n  P r i n c i p l e s  in  R e a g g r e g a t i o n  P r o c e s s  of D i s s o c i a t e d  S p o n g e  

C e l l s  ( Geod ia  c y d o n i u m  ) 

Species specific reaggregat ion  of dissociated sponge cells 
seems to be res t r ic ted  to a few b ina ry  combinations1,2.  
In  an ex tens ive  s tudy ,  JOHN et al. 2 d e m o n s t r a t e d  t h a t  
aggregat ion  of dissociated sponge cells f rom di f ferent  
species in i t ia tes  as a r a n d o m  process.  In  a la ter  stage, a 
sor t ing  out  of the  cells f rom one species occurs, un i t ing  all 
homologous  cells. In  order  to u n d e r s t a n d  the  basic 
mechan i sm of th is  observat ion,  two  d i f ferent  aggregat ion 
pr inciples  have  to  be pos tu l a t ed :  a non-specif ic  one, 
responsible  for t he  ear ly  phase  of agg rega t i on  of bi- 
specific cell mix tures ,  and a n o t h e r  of h igher  specifici ty,  
causing species-specific aggregat ion  in the  late phase.  
In  a previous  pape r  3 we were a b l e  to  show t h a t  the  
aggregat ion  process  of dissociated sponge ceils f rom the  
species Geodia cydonium Jam.  occurs in 3 discrete  steps,  
s t a r t ing  in an ear ly  phase  wi th  t he  in i t ia t ion  "of p r i m a r y  
aggregates,  followed by  a subsequen t  fo rma t ion  of 

secondary aggregates, and a late phase with a reconstitu- 
tion of functional aquiferous systems by rearrangement 
in the secondary aggregates. This paper deals with the 
biochemical nature of the first two aggregation phases. 

The primary aggregation phase. W as h ed  cells f rom 
Geodia cydonium, chemical ly  dissociated wi th  calcium- 
and  magnes ium-f ree  artificial  sea wa te r  conta in ing  20 m M  
E D T A  and t r y p s i n  3, reaggregate  when  placed in to  
calcium- and magnes ium-con ta in ing  art if icial  sea wa te r  
wi th in  45 min, forming  compac t  p r i m a r y  aggregates  of 

1 T. HUMPHREYS, Symp. zool. Soc., Lond. 25, 325 (1970). 
I-t.A. JoHn, M.S. CAMPO, A.M. MACKENZIE and R.B. KEMP, 
Nature New Biol. 230, 126 (1971). 

3 W.E.G. MfJLLER and R.K. ZA~N, Expl Cell Res. 80, 95 (1973). 
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Fig. 1. Scheme of adhesion of single cells on DEAE~Sephadex (A-50) 
(Pharmacia) (A) in artificial sea water without and with calcium. In 
calcium-free sea water the single cells adhere by their negatively 
charged groups to the surface of the positively charged DEAE beads 
(B). Upon the addition of calcium ions to the incubation mixture to 
20 raM, cell dumps are formed (C) by 'calcium-bridges'. Some of the 
clumps adhere to the cells initially sticking to DEAE bead (D) ; see 
also Figure 2. 

Fig, 2. Cell clumps adhering to the surface of DEAE beads. • 170. 

68 ~m d i a m e t e r  wh ich  co n t a i n  82 • 15 cellsK Max i ma l  
aggrega t ion  was obse rved  w i t h  ca lc ium ions in a concen t r a -  
t ion  of a t  leas t  18 m M ,  whi le  a t  3.8 m M  Ca ++ only  50% 
aggrega t ion  was found.  S t r o n t i u m  an d  b a r i u m  can  
replace  ca lc ium in our  sys tem,  y ie ld ing  100% aggrega t ion  
a t  c o n c e n t r a t i o n s  above  25 m M  St++ or Ba  ++. The  o the r  
d i v a l e n t  cat ions ,  m a g n e s i u m  an d  bery l l ium,  d id  no t  
s u p p o r t  aggrega t ion  u n d e r  t h e  cond i t ions  of aggrega t ion  
used in our  s tudies .  The  i m p o r t a n t  role of m o n o v M e n t  
anionic  groups  on  t h e  p l a s m a l e m m a  surface could also be  
d e m o n s t r a t e d  b y  adhes ion  e x p e r i m e n t s  (Figures 1 a n d  2) 
us ing  pos i t ive ly  cha rged  D E A E - S e p h a d e x  beads.  

Change  in p H  exer t s  a m a r k e d  inf luence  on aggrega t ion  
in t h e  assay.  On ra i s ing  t h e  pt-I f rom 6.5 to 8.0, for each  
0.7 p H  un i t s  t h e  a c t i v i t y  increases  10 t imes .  The  o p t i m u m  
for aggrega t ion  is a r o u n d  p H  8.0. T h e  cause  of t h e  s t rong  
p H  effect m a y  be r e l a t ed  to cel lular  c o n t r a c t i o n  s. 

W e  a t t e m p t e d  to d e t e r m i n e  t h e  chemica l  n a t u r e  of t he  
p r i m a r y  aggrega t ion  fac to r  b y  p r e i n c u b a t i n g  d issocia ted  
ceils w i t h  d i f fe ren t  enzymes .  P ro t eo l y t i c  enzymes  3 and  
c a r b o h y d r a t e - h y d r o l y z i n g  enzymes  (cr amylo-  
glycosidase,  cellulase, f l-galactosidase,  e-glucosidase,  
/3-glucosidase, f l-glucorunidase,  hemicel lulase ,  hya lu ron id -  
ase, lysozyme,  n a r i n g i n a s e  an d  neu ramin idase )  in 
c o n c e n t r a t i o n s  of 0.5 m g / m l  were w i t h o u t  effect. 

The secondary aggregation phase. In  t h e  t e s t  s y s t e m  used 
in our  s tudies ,  chemica l ly  d issocia ted  cells of small ,  
p r i m a r y  aggrega tes  do n o t  grow an y  fur ther .  A d d i t i o n  of 
the  cell-free ca lc ium- a n d  magnes ium- f r ee  s u p e r n a t a n t ,  
f rom dissocia ted  Goedia t i ssue  c o n t a i n i n g  20 m M  E D T A  ~, 
to  t h e  p r i m a r y  aggrega tes  in i t i a t e s  t h e  seconda ry  aggrega-  
t ion  if Ca++ is p re sen tK  In  th i s  phase  t h e  d i a m e t e r  of the  
aggregates ,  n o w  called secondary  aggrega tes  ~, increases  
f rom 68 ~.m to more  t h a n  1,000 ~m. The  requ i red  Ca++ 
ions can  be rep laced  b y  Sr++ or Ba++. Max i ma l  s econda ry  
aggrega t ion  can  be ach ieved  a t  c o n c e n t r a t i o n s  above  
20 m M .  Mg++ and  Be ++ d id  n o t  b r ing  a b o u t  secondary  
aggregat ion .  The  secondary  aggrega t ion  process  is 
s t rong ly  p H - d e p e n d e n t ,  w i t h  an  o p t i m u m  a r o u n d  p H  
8.0. I n  the  r ange  of p H  6.0 to p} t  8.0, a 10-fold increase  
for each  0.9 p H  un i t s  occurs. 

The  fac to r  p r o m o t i n g  secondary  aggrega t ion  has  been  
pur i f ied  b y  5 s teps  (Table  I), to  500-fold. I n  t h e  mos t  
pur i f ied  f rac t ion  c o n t a i n i n g  t h e  aggrega t ion  factor ,  
a n n u l a r  par t ic les  (Figure 3) with. a c o n t o u r  l e n g t h  of 
3,500 • 100 A h a v e  been  de tec ted  S, K These  par t ic les  are 
s u r r o u n d e d  b y  a b o u t  25 r a d i a l l y - a r r a n g e d  filament~s, 
f ixed on  t h e  pe r iphe ra l  region of t h e  cen t ra l  rings.  As 
shown below, f rom these  large a n n u l a r  par t ic les ,  t h e  low 
molecu la r  aggrega t ion  fac to r  can  be  dissociated.  The  
b u o y a n t  dens i ty  of these  par t ic les  was  d e t e r m i n e d  on  a 
sucrose g r ad i en t  f rom 5 to  80 % in ca lc ium-  an d  m a g n e s i u m -  
free ar t i f ic ia l  sea w a t e r  in  t h e  3 • 10 ml  SW-ro to r  in a 
M S E  40 superspeed  centr i fuge .  A b u o y a n t  d e n s i t y  of 
1.31 -c 0.03 g/era ~ has  been  ca lcula ted .  Thus  t h e  aggrega-  
t i on  fac to r  f rom Geodia b e h a v e s  l ike a p ro t e i n  an d  i t  
differs m a r k e c l y  f rom t h e  f ac to r  f rom Microciona parthena, 
w i t h  a b u o y a n t  d en s i t y  of 1.5 to  1.55 g/cmaL 

The  aggrega t ion  fac to r  caus ing  seconda ry  aggrega tes  is 
ex t r eme ly  sens i t ive  t o w ard s  d i f fe ren t  pro teasesK F r o m  
the  exopep t idases  tes ted ,  t h e  c a r b o x y p e p t i d a s e  B 
(Merck; hog  panc rea s ;  60 un i t s /mg)  reduces  t h e  a c t i v i t y  
of t h e  aggrega t ion  fac tor  s t rongly ,  while  t h e  ca rboxy-  

Fig. 3. Annular particles without secondary aggregation factor 
activity. The electron microscopic picture was taken from fraction V 
(Table I). Eleetronmierographs were taken with a Siemens 101 
(Germany) at an electronic magnification of 40,000. The molecules 
were mounted by the protein film procedure 1~ • 50,000. 

4 A.C. TAYLOR, J. Cell Biol. 75, 201 (1962). 
5 R.K. ZAHN, W.E.G. ~(0LLER, J. REINM1DLLER, V. PONDELJAK, 

R. BEYER and M. MICHAELIS, J. molec. Biol., submitted. 
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Table I. Purification of the factor causing secondary aggrega[lon 
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Fraction and step Volume (ml) Protein (mg/ml) Total aggregation activity (10 s AU) Specific activity (10 a AU/mg protein) 

I. Crude extract 55 3.39 223.7 1.2 
II. Ammonium sulfate 20 2.21 212.2 4.8 
III. Acid precipitation 10 0.29 178.9 62.4 
IV. Sepharose 4B 7.5 0.09 138.7 189.6 
V. CNf-Cellulose 18.0 0.01 90.6 604.8 

The isolation (step I) and the purification (steps II-IV) have been described in detail a. Crude extract was obtained by collecting the cell-free 
supernatant from dissociated Geodia raaterSaI (50 g) with calcium- and magnesium-free artificial sea water, containing 20 mM EDTA. The 
aggregation factor was purified by stepwise ammonium sulfate fractionation between 40% to 50~o saturation. Dialysis was followed by a 
stepwise pH precipitation; the active fraction was obtained between pH 4 and pH 5. This was purified by 4B (Pharmacia) gel filtration. The 
active fraction elutes near the void volume (Kavvalue around 0.1; 7). Subsequently the fractions containing the aggregation factor were 
subjected to a CM-eellulose cation-exchange chromatography: The aggregation factor has been adsorbed with artificial sea water, containing 
13 mM Ca ++ and 50 mM Ng ++n and eluted with Ca ++ and Mg++ free artificial sea water containing 10 mM EDTA. The protein content of 
the fractions has been determined 12. The aggregation activity is expressed in aggregation units (AU) as described a. 

pep t idase  A (~e rck ;  hog pancreas ;  35 uni ts /mg)  is 
w i thou t  effect  8. Pr imar i ly  ca rboxypep t idase  B selectively 
hydro lyzes  the  basic amino acids lysine and arginine 

f rom pro te ins  6. Aggregat ion  factor  conta in ing  these  
amino acids in rad ioac t ive ly  labelled form has  been  used 
(Table II) in incuba t ion  expe r imen t s  w i th  carboxy-  
pep t idase  B, 81% of the  incorpora ted  arginine and  50% 
of t he  lysine became  acid soluble. Therefore  we conclude 
t h a t  t he  2 amino  acids, lysine and arginine,  are located 
in the  funct ional  groups causing secondary  aggregat ion in 
Geodia. 

Secondary aggregation/actor per st. As descr ibed above, 
t he  secondary  aggregat ion  factor  is associated '  wi th  large 
annula r  part icles.  I t  can be dissocia ted f rom these com- 
pound  s t ruc tures  by  incuba t ion  wi th  the  non- ionic  
de te rgen ts  Non ide t  P-40 and Tween 80. The ac t iv i ty  of 
the  secondary  aggregat ion  factor  is no t  inf luenced by  these  
de te rgen t s  up to  concen t ra t ions  of 3% (w/w). By gel 
c h r o m a t o g r a p h y  on Sephadex  G-100, the  aggregat ion  
fac tor  can be separa ted  f rom the  annula r  part icles .  
E s t i m a t i o n  of the  molecular  weight  of the  fac tor  by gel 
f i l t ra t ion on Sephadex  G-100 (Ve/Vo value of 2.03) 
a m o u n t s  to  16,000 7. The s ed imen ta t i on  coeff icient  of the  
factor  has been de t e rmined  in l inear concen t ra t ion  
gradients  of 5 to  12% (w/w) sucrose in calcium- and 
magnes ium-f ree  art if icial  sea water  and has  been found  
to be 2.7 S, cor responding  to 23,000 da l tons  s. The 
b u o y an t  dens i ty  (de te rmina t ion  as descr ibed above) of 
the  ' smal l '  aggregat ion factor  is 1.35 • 0.04 g/cm a, 
compat ib le  wi th  a p ro te in  consis t ing main ly  of amino 
acids. 

We  succeeded in coupling the  ' small '  aggregat ion  factor  
to  Sepharose beads  by  the  carbodi imide  me thod  9 (Figure 
4). Thus  it was possible  to  cause aggregat ion  of t he  
Sepharose  beads  via the  aggregat ion  fac tor  isolated f rom 
Geodia tissue. Using th is  system,  we hope to learn more  
abou t  the  b iochemical  even ts  of the  secondary  aggregat ion  
phase,  u n i m p e d e d  by  possible  in ter ference  t h ro u g h  the  
presence  of cells or cellular membranes .  

Fig. 4. Covalent attachment of 'small', secondary aggregation factor 
to AH-Sepharose 4B (Pharmacia).. 'Small' aggregation factor was 
isoIated as described in text (1% Nonidet NP-40 treatment followed 
by gel chromatography). The fractions (0.5 mg protein) containing 
the 'smail', secondary aggregation factor, were used for the coupling 
procedure with N-cyclohexyl-N'-/~-(N-methylrnorpholine)- ethyl- 
carbodiimide-p-toluenesulfonate (Merck) on 0.5 ml swollen AH- 
Sepharose 4B as described 9. After washing with calcium- and 
magnesium-free artificial sea water, the beads were transferred into 
calcium- and magnesium-containing artificial sea water, a) Control: 
beads without aggregation factor; b) beads with covatently bound 
aggregation factor x 30. 

6 J.E. FOLK and J.A. GLADNER, J. biol. Chem, 231, 379 (1958). 
7 H. DErER~ARN, Gdchromar (Springer-Verlag, Berlin- 

Heidelberg-New York 1967). 
s R.G. MARTI~ and B.N. AMERS, J. biol. Chem. 236, 1372 (1961). 
0 Pharmacia (Uppsala) booklet: Recommended carbodiimide 

coupling procedure for CH-Sepharose 4 B and AH-Sepharose 4 B. 
10 A. I~LEINSCHIvIIDT and R. 14. ZA•N, Z. Naturforsch. 7db, 770 (1959). 
~i IK. SPIEGEL and N.A. RUmNSW~IN, Expl Ceil Res. 70, 423 (1972). 
is O.H. LOWRY, N.J_ ROSEBROUGtt, A.L. FAIIR arid R.J. RANDALn, 

J. Biol. Chem. J95, 265 (1951). 
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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). 

14 Acknowledgments. We wish to thank Mrs. V. PONDELJAK, Mrs. 
U. ~V[XJLLER-BERGER, Mr. R. BEYER and Mr. M. SRECEC for their 
excellent technical assistance. We gratefully acknowledge the 
advice of dipl. Chem. J. OBERMEIER for the earbodiimide coupling 
method. This work is supported by Fonds der Chemischen Industrie 
and by the Landesversicherungsanstalt Rheinland-Pfalz, Speyer/ 
Rh. 

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 .  

W. E. G. Mf3LLER, ISABEL MULLER and R. K. ZAH~ 14 

Physiologisch-chemisches Institut der Johannes- 
Gutenberg-Universitiit, Johann Joachim Becher Weg 13, 
D-65 Mainz (Federal Republic o~ Germany), and 
Laboratory/or Marine Molecular Biology, Institute Ruder 
Boskovic, Rovin] (Jugoslavia), 78 December 7973. 

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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