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Table 4. Effect of amino acids on the fungitoxicity of D,L-m-FPhe and 
L-m-FPhe-L-Ala-L-AIa 

Amino Concentration MIC (gM) 
acid (mM) D,L-m-FPhe L-m-FPhe-L-Ala-L-Ala 

None 125 7.8 
L-Phe 0.1 250 31.2 

1.0 2000 500 
10.0 > 2000 > 500 

L-Met 0.1 250 7.8 
1.0 500 7.8 

10.0 1000 7.8 
L-Ile 0.1 125 7.8 

1.0 250 7.8 
10.0 500 7.8 

L-Leu 0.1 125 7.8 
1.0 250 7.8 

10.0 1000 7.8 
L-Trp 0.1 250 7.8 

1.0 500 7.8 
10.0 1000 7.8 

L-Val 0.1 125 7.8 
1.0 250 7.8 

10.0 500 7.8 
L-Tyr 0.1 125 7.8 

1.0 250 7.8 

Fungitoxicity was unaffected by L-Gly, L-Ala, L-Set, L-Thr, L-Asp, 
L-Asn, L-GIu, L-Gln, L-Lys, L-His, L-Arg, L-Cys, L-Pro, L-Hyp, at 
10 mM. 

gitoxicity. Very similar results were obtained using the 
two methods, and the tripeptide L-Ala 3 was found to be 
the most effective antagonist. In amino acid antagonism 
experiments, L-Phe was the only amino acid which an- 
tagonized L-m-FPhe-L-Ala-L-Ala, whereas the fungitox- 
icity of m-FPhe was reduced by all 3 aromatic amino 
acids (L-Phe, L-Tyr and L-Trp) and the neutral amino 
acids L-Met, L-Ile, L-Leu and L-Val (table 4). Similar 
antagonism of L-m-EPhe-L-Ala-L-AIa by L-Phe was re- 
ported in Candida albicans 1~ and was interpreted to 
indicate competition with L-m-FPhe at its intracellular 
site of action following hydrolysis of the tripeptide. 
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These results support the hypothesis that L-m-EPhe-L- 
Ala-L-Ala is transported into P. ultimum by a peptide 
permease, whereas m-FPhe is delivered by an amino acid 
transport system. Results of the amino acid antagonism 
experiments (table 4) suggest that P. ultimum has a very 
similar transport system for aromatic and neutral amino 
acids to that described for Achlya 13, another oomycete. 
The ineffectiveness of D-Ala 2 and D-Ala 3 as antagonists 
of L-m-FPhe-L-Ala-L-Ala and the lack of fungitoxicity 
of D-m-FPhe-L-Ala-L-AIa are consistent with the speci- 
ficity of peptide permeases in general for L-amino acid 
containing peptides. 
In conclusion, our results strongly suggest that P. ulti- 
mum has an operational tripeptide transport system, and 
that the concept of illicit transport can be applied in the 
design of fungicides active against oomycete fungi. 
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Summary. The main carboxylesterase in the hemolymph of the migratory locust, Locusta migratoria, is a protein of 
high molecular weight; about 700 750 kDa. This esterase hydrolyzes juvenile hormone III, c~-naphthylacetate and 
fl-naphthylacetate. The carboxylesterase dissociates to give an esterase of molecular weight 148 kDa after treatment 
of the hemolymph with mercaptoethanol. 
Key words. Carboxylesterase; juvenile hormone esterase; juvenile hormone binding protein; hemolymph proteins; 
migratory locust. 

Hemolymph proteins of insects have many physiological 
functions. Analysis of the protein composition by either 
gel permeation chromatography or non-denaturing poly- 
acrylamide gel electrophoresis (PAGE) revealed that 

many proteins in the hemolymph have high molecular 
weights, in the migratory locust, Locusta migratoria, 
for instance, almost 80% of the proteins from the 
hemolymph of adult males have molecular weights above 
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450 kDa 1. We recently studied locust hemolymph elec- 
trophoretically and identified at least 4 proteins of high 
molecular weight (Mr); lipophorin (LP), M r ~ 675,000; 
juvenile hormone binding protein (JHBP), M r 

566,000; larval hemolymph protein (LHP), M r 
500,000, and a biliverdin containing cyanoprotein 

(CP) with M r ~ 465,000 2-5. Among these proteins, LP 
and CP are major proteins in the adults, whereas LHP 
and CP are major proteins in the last larval instar. LP 
functions as a vehicle for various lipid classes and LHP 
is probably a storage protein. The function of CP is not 
understood, except that it binds and transports bili- 
verdin 6. JHBP, which is JH-III-specific in the locust 5, is 
a minor protein in the hemolymph of larvae and adults, 
comprising about 1 -2  % of the protein content 4. 
The minor proteins of the hemolymph also include en- 
zymes. Carboxylesterases are particularly widespread 
among insects, and most species contain several types 7. 
Some of those carboxylesterases also hydrolyze juvenile 
hormone (JH), but the exact physiological role of the 
carboxylesterase still remains to be established. 
In the hemolymph of the migratory locust, Peter et al. 8, 9 
reported two types of carboxylesterases, with M r of 
150,000 and 65,000, respectively. Both carboxylesterases 
hydrolyze ~-naphthylacetate, JH-I and JH-III, and both 
are readily inhibited by diisopropylfluorophosphate 
(DFP). According to Peter et al. 9, the carboxylesterases 
could not be separated from JHBP by either gel perme- 
ation or ion exchange chromatography. Also in non-de- 
naturing PAGE, the JHBP and carboxylesterase migrat- 
ed together. Surprisingly, Peter et al. reported an Mr for 
JHBP of about 450,000. 
We confirm that high-molecular weight proteins from 
locusts are difficult to separate by conventional non-de- 
naturing PAGE. However, prolonged electrophoresis in 
gradient gels by the method of Levenbook lo separated 
JHBP from some other hemolymph proteins of high 
molecular weight 2. We used that system to separate 
hemolymph proteins from the locust and the Colorado 
potato beetle, Leptinotarsa decemlineata. After the run, 
the gels were stained with Coomassie brilliant blue for 
total protein and with ~-naphthylacetate and Fast 
Blue RR for the presence of carboxylesterase activity. 
Two sharp esterase bands are visible with locust 
hemolymph; one intense and one rather weak (fig. 1). 
Both esterases were found to have very large molecular 
weights (M r > 700,000) when compared with high 
molecular weight markers stained with Coomasie bril- 
liant blue. Isolated lipophorin, obtained by KBr gradient 
centrifuging 5, also showed weak esterase activity. In 
hemolymph from the Colorado potato beetle, the main 
carboxylesterases have lower molecular weights (fig. 1). 
In another electrophoretic system, agarose-gel elec- 
trophoresis, locust hemolymph also showed one intense 
and one faint band after staining for carboxylesterase, 
whereas hemolymph from the Colorado potato beetle 
showed several esterases (not shown). 
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Figure 1. Separation of insect hemolymph proteins by non-denaturing 
PAGE. Electrophoresis was done as described previously'*' 5. Gels were 
stained either with Coomassie Brilliant Blue A or with 12 ml of 0.03 M 
c~-naphthylacetate in 0.04 M phosphate buffer for 5 min at 25 ~ followed 
by Fast Blue RR salt (1 mg/ml H20 ) B. From left to right: 1) High-molec- 
ular weight protein markers (Pharmacia); 2) Whole hemolymph from the 
Colorado potato beetle (1 lal); 3) Isolated locust lipophorin (10 ~tg); 
4) Locust hemolymph without lipophorin (80 lag); 5) Whole hemolymph 
from male locusts (1 ~tl); 6) Whole hemolymph from the Colorado potato 
beetle (5 lal); 7) Isolated lipophorin from locust (50 lag); 8) Locust 
hemolymph without lipophorin (130 lag); 9) Whole hemolymph from 
male locusts (5 lal). 

Accurate determination of the M r of locust carboxyl- 
esterase by comparison with high-molecular weight stan- 
dard proteins is difficult, because of its very high molec- 
ular weight, and because gels shrink to different extent 
after staining by different procedures. However, shrink- 
ing of gels can be largely prevented by transferring gels 
immediately after carboxylesterase staining to the same 
ethanol/acetic acid/water mixture as that used for 
Coomassie staining (25:8.5:66.5 v/v). Calculation of the 
M r on the basis of relative mobility, with the end of the 
gel as a reference point, results in an M r of approximately 
700-750 kDa for the main esterase of the locust. With 
the same calculation, we arrived at values of 837,273, 148 
and 56 kDa for the carboxylesterases of the Colorado 
potato beetle. Since the Mr of JHBP was 566,000 4, these 
results suggest that the carboxylesterase and JHBP are 
distinct high-molecular weight proteins in the hemo- 
lymph of the locust. To get further evidence, we subjected 
locust hemolymph to electrophoresis on a preparative 
4-10  % gradient tube gel for 4000 Volthours, cut the part 
of the gel between the yellow lipophorin band and the 
blue cyanoprotein band into slices (this is the region of 
the gel which contains both the esterase and the JH bind- 
ing activity), extracted the homogenized slices overnight 
and measured the carboxylesterase, the JH esterase and 
the JH binding activity in each fraction (fig. 2). The main 
carboxylesterase (fraction 5-7) in the hemolymph of the 
locust had an Mr larger than that of JHBP (fraction 7 -  
8), which clearly shows that the two activities are due to 
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Figure 2. Distribution of JH esterase and JH binding activity in locust 
hemolymph, after separation of the proteins by non-denaturing PAGE. 
Hemolymph samples (500 El) were separated for 4000 Volthours in a 
11 x 1.2-cm tube containing a 4 10% gradient gel. After the run, gels 
were cut in 4-mm slices between the yellow lipophorin band (mobility: 
30 40 mm; fractions 2 and 3) and the blue cyanoprotein band (mobility: 
76 79 mm; fraction 13). Each fraction was pressed through a syringe 
fitted with a 18G1.5 needle. Fraction 1 is a gel slice without protein. The 
fractions were extracted overnight in the cold room with 1 ml 0.1 M 
phosphate buffer containing 0.15 M NaC1 under constant shaking in an 
Eppendorf tube. After centrifuging, 500 gl from each fraction was with- 
drawn and used to determine JH esterase activity, general carboxyl- 
esterase activity with a-naphthylacetate and fi-naphthylacetate as sub- 
strates, and JH binding activity. The assays are extensively described 
elsewhere 4. l o. 1~. The distribution of the general carboxylesterase activ- 
ity with either of the two substrates was similar to that of JH esterase 
activity. 
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Figure 3. Separation of insect hemolymph esterases in non-denaturing 
PAGE in the presence or absence of 5 % mercaptoethanol. Hemolymph 
samples were diluted 1 : 1 with 0.05 M phosphate buffer pH 7.5, contain- 
ing 0.15 M NaC1; 10 mM EDTA and mercaptoethanol when indicated by 
(+). The gels were run and stained (fig. 1). From left to right: 1 and 2) 
Isolated lipophorin (50~g); 3 and 4) Locust hemolymph without 
lipophorin (130 lag); 5 and 6) Whole hemolymph from male locusts (5 l-tl); 
7 and 8) Whole hemolymph from the Colorado potato beetle (5 lal). 

d i f ferent  proteins.  M o r e o v e r ,  the esterase f rom the locust  

hydrolyzes  J H- I I I ,  c~-naphthylacetate and /%naphthyl-  

aceta te ;  this is shown by the fact that  the d is t r ibut ion  o f  

the act ivi ty  o f  the gel was similar  wi th  ei ther  o f  those 

three substrates.  This  conf i rms  that  the carboxyles terase  

in the locust  is no t  JH-specif ic ,  but  ra ther  a general  es- 
terase which also degrades  J H - I I I  8, 9 

In  ou r  trials wi th  locust  h e m o l y m p h ,  we never  no t iced  

the presence o f  a low-molecu la r  weight  carboxyles te rase  
as described by Pe ter  et al. s, 9. Howeve r ,  they indica ted  

that  t r ea tment  o f  h e m o l y m p h  with  m e r c a p t o e t h a n o l  re- 

sulted in dissocia t ion o f  the h igh-molecu la r  weight  es- 

terase to give a low-molecu la r  weight  carboxyles terase .  
So we separa ted  h e m o l y m p h  by P A G E  after  add i t ion  o f  

m e r c a p t o e t h a n o l  to the sample  buffer.  The  h igh-molecu-  

lar weight  carboxyles terase  in the h e m o l y m p h  o f  the lo- 

cust  dissociated into an  esterase wi th  m u c h  lower  M r, 
whereas  the esterases in the h e m o l y m p h  o f  the C o l o r a d o  

p o t a t o  beetle were hard ly  affected by m e r c a p t o e t h a n o l  
(fig. 3). The  M r o f  the low-molecu la r  weight  carboxyl -  

esterase was accura te ly  de te rmined  in two different  gra- 

dient  gels. The  plots  o f  log molecu la r  weight  against  

re lat ive mobi l i ty  o f  s t andard  prote ins  ( s tandard  prote ins  

o f  h igh  and low molecu la r  weight ,  Pha rmac ia ,  Uppsa la ,  

Sweden)  were s t ra ight  lines, which  were  calcula ted by the 

m e t h o d  of  least squares.  The  cor re la t ion  coefficients  o f  
the two  lines were - 0.9966 for  gradient  4 - 2 0 %  poly-  

ac ry lamide  and - 0.9969 for the gradient  9 - 2 5  %.  F r o m  

those  lines an average  M r value  o f  148 + 3 k D a  (n = 3) 

was calculated for the carboxyles te rase  o f  low molecu la r  

weight  f rom the locust.  
We conclude  that  the molecu la r  weight  o f  the esterase in 

the h e m o l y m p h  of  the mig ra to ry  locust  is much  higher  
than  that  r epor ted  by Peter  et al. s, 9, which explains  why  

the esterase cou ld  no t  be separa ted  f rom J H B P  by gel 
pe rmea t ion  c h r o m a t o g r a p h y .  The  esterase in locust  

h e m o l y m p h  is no t  JH-specif ic ,  since it hydrolyzes  c~- and 

f i -naphthylace ta te  and JH- I I I ,  and because it is sensitive 
to the inhibi tor  D F P  s, 9. The  esterase o f  high molecu la r  

weight  is the main  carboxyles te rase  in the h e m o l y m p h  o f  

the locust,  but  the enzyme  dissociates in to  an esterase o f  
low molecu la r  weight  af ter  r educ t ion  with  mercap-  

toe thanol .  It  remains  to be establ ished why  a carboxyl -  
esterase o f  low molecu la r  weight  aggregates  in to  a high 

molecu la r  weight  complex .  Howeve r ,  af ter  d issocia t ion  

wi th  mercap toe thano l ,  J H B P  and  the esterase act ivi ty  

can  be separated,  and the relat ive impor t ance  o f  these 

two prote ins  in the regula t ion  o f  the J H  ti ter  can n o w  be 

established. 
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Summary. The presence of free D-amino acids in mouse kidney, liver, brain, heart, lung, thymus and serum has been 
shown with an enzymic microdetermination method. The D-amino acid levels were higher in the extracts of  kidney 
and liver than in those from other organs. 
Key words. D-amino acid; D-amino acid oxidase; mouse tissue. 

It is generally believed that mammals neither synthesize 
nor possess D-amino acids (DAA) whereas microorgan- 
isms, some insects, marine invertebrates and higher 
plants contain DAA a. Only D-Asp is known to exist in 
metabolically stable proteins 1 and tissues 2. We have ob- 
served considerable amounts of free DAA in human plas- 
ma from patients with renal diseases 3, using an enzymic 
method 4 which detects neutral DAA. In the present 
study, the investigation was extended to mouse tissues. 
Materials and methods, a) Reagents. D-amino acid oxi- 
dase (DAO, EC 1.4.3.3) from porcine kidney was ob- 
tained from Sigma (St. Louis, MO, USA) as a crystalline 
suspension in ammonium sulfate. It was freed of ammo- 
nium ions by passage through a Sephadex G-25 column 
equilibrated with 0.019 M sodium pyrophosphate buffer, 
pH 8.3 (PPB) resulting in solution of 0.3 mg/ml protein 
concentration. Catalase (EC 1.11.1.6), as a purified pow- 
der (10,000-25,000 units/mg protein) from bovine liver, 
was also purchased from Sigma. All other chemicals were 
analytical-grade products. 
b) Preparation of tissue extracts. Normal, healthy infant 
(4-week-old), adult (19-week-old) and old (l 1-month- 
old) BALB/cA female mice were used. Each group con- 
sisted of 5 litters. The mice were kept on a normal diet 
and fasted 16-19 h prior to sacrifice by bleeding from 
the axillary vessels under anesthesia with ether. After 
rinsing with phosphate-buffered saline, pH 7.4 (PBS), to 
remove blood, the liver, kidney, brain, heart, lung and 
thymus were homogenized as whole Organs, each with 
4 - 5  vol. of PBS in a glass homogenizer in an ice bucket, 
at 1,000 rpm for 1 rain. The homogenate was centrifuged 
at 160,000 x g for 15 min at 4 ~ and the supernatant 
extracts passed through a 'Centricut' ultramembrane ill- 

ter (Kurabo, Osaka, Japan) to remove substances larger 
than 10,000 dalton by centrifuging at 5,000 x g for 1 h at 
4 ~ The filtrate was used for the DAA assay. 
c) DAA determination. DAO catalyzes the oxidation of 
DAA to produce e-keto acids; R - C H  ( N H z ) - C O O H  
-~- O 2 -~- H20 -+ R - C O - C O O H  + NH 3 + H z O  2. De- 
tails of the assay method are described elsewhere 4. 
Briefly, three reaction tubes were prepared as follows 
(table 1): tube 1 consisted of 40 pl of the tissue extract 
diluted to 1 - 5 mg of protein per ml, 40 pl of solution A 
(consisted of 1.2 ml of 0.19 M PPB, pH 8.3, 30 pl of 
0.5 mg/ml FAD, and 120 ~1 of 6 mg/ml catalase), 10 pl of 
water, and 10 lxl of 0.019 M PPB, pH 8.3. Tube 2 con- 
tained a similar mixture to tube 1 except that DAO in 
PPB substituted for the 10 ~d-buffer, and tube 3 con- 
tained DAO in PPB and 1 mM D-Ala, substituted respec- 
tively for the buffer and water. D-Ala was employed as 
the standard substrate throughout the present experi- 
ments. All amino acids were measured as alanine equiva- 
lents although other amino acids led to different molar 
absorbances in the kidney extract: D-Ala, 100 %; D-Ser, 
28.4%; D-Thr, 4.3%; D-Phe, 92.2%; D-Met, 72.3%; 
D-Leu, 83.2%; D-tle, 5! .4%; D-Val, 55.3%; D-Trp, 
53.1%. 
The reaction was started by the addition of DAO. After 
a 10-min incubation at 37 ~ the reaction was stopped 

Table 1. Composition of the reaction tubes for the DAA assay 

Tube 1 Tube 2 Tube 3 

40 gl Extract Extract Extract 
40 p_l Solution A Solution A Solution A 
10 lal Distilled water Distilled water D-AIa 
10 gl PPB DAO DAO 


