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ESTERASE ISOZYMES IN THE MOSQUITO CULEX
(MELANOCONION) ERRATICUS

RICHARD M KREUTAER

Gorgas Memaorial Laboratory, Panama, Repubhs of Panama

ABRSTREACT. Dawa obtamed from cellulose
acetate clecirophoeresis indicate that there are
at Jeast 5 separate boot for esterase (E5T) ac-
tivity in the Gorgas Memorial Laboratory ool
omy ol Clee (Melanecenion) erraliong. Locus
EST- 1 has a single band of actviey which s o

INTRODUCTTON

I recent vears there have been many
reports of electrophoretic studies of s
terase [EST) isozvmes i mosquitoes,
Townsoen (1971 described the genetics ol
certain 5T moevimes in Aedes aegypli, and
Saul et al. (1976) discussed EST vanation
in strains, of the same species. A total of
13 sites of EST actuvity was reported by
Garnett and French (197 1 in Culex pafreens
guinguefasciei, and de Stordeur (1976}
reported ten EST isozymes in Cx pipiens
pipiens. Gargan ( 1977) studied the linkage
velaticnships of 1woe EST locl in Cx -
piens, Inoa study on Cx drifgenioriymous,
Tghal er al. (18978} reported a genetic

prosent in Jarvae, Locus EST-2 alao has asingle
band which is presene in larvae and pupac but
iz lost about 5 davs alter emergence, Locus
EST-3 has three alleles, locus ES1-4 twi al-
leles, and locus EST-5 three alleles

analvsis of an EST locus, A series of
papers by Marang and Kizmiller (1971 a,
b 1973 a, by on Anopleles prunctipennis ve-
ported a genetic analysis of multiple EST
lovi in natural populations. Green (1477)
reported a sex-limited EST in An funes-
fes, and Miles {1978) reported a survey of
enzyme variability in members of the An,
Eambiae Eroup.

[n muost of these studies the authors
reported multiple bands of EST activity
in single mosquitoes, and they comncluded
that these bands represented the prod-
ucts of more than one lecus, EST oy maog-
rams of Cx (Melanoconion) erraficus Dvar
and Knab also conain multiple bands per
measguites, ancd ths stody was undertaken
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to determine if these bands represented
the products of more than one locus.

MATERIAL AND METHODS

The mosquitoes used in this study were
from the Gorgas Memorial Laboratory
(ML} colony established from specimens
collected near the Bavano study area, in
the Republic of Panama. Flectrophoresis
was performed on larae, pupas, and
adults of both sexes, and was carvied out
on Titan 111 (Helena Laboratories) cel-
lulose acetate membranes, Cell buffer: 0.1
M Trizma Base; 0.1 M Maleic acid ad.
Justed 1o pH 7.2, Membrane duffer: | [Tt
cell buffer e 14 parts distlled water,
Reaction buffer: (L1 M NalLPO, 0.1 M
NaHPCY; adjusted pH B8, Edergse
starn 150 mg eenaphuhyl acetate and 50
mg B-naphihly acetate were dissolved in
L0 ml of 50% aguecus acetone. Fifty mg
Fast blue RR salt were dissolved in 30 m]
reaction buffer. These two were com.
bined with 30 ml 2% Noble Agar (50°C),
I ml portions were placed in 100 = 15
mm petrr dishes, and were stored ar 390
uniil neceded.

Specimens were run 20 min. at 180
volts. The symograms were incubated
about 30 min. or undl the bands were
dark cnough to observe, The full derails
uf the cellulose acerate technigues were
reported by Kreutzer et al. (19773,

Single pair matings were made between
adults which emerged in individual vials.
A male and female were placed in a 1-gal
ice cream container. After 7 days the male
was sacrificed and stored for later study.
The eggs were deposited about 8 davs
aflter blood meal ingestion, and the
female was then sacrificed and stored for
later study. These mosquitoes were stored
in a Reveo® ar =700

Specimens Tor the equilibriam iests
were taken fram a cage which contained
several hundred adules.

RESULTS AND DISCLUSS1I0N

A total of 8 active anodally migrating
EST tsorvmes and 2 different mulls have

been recovered from the GML colony of
Cx.evvaticus (Fig. 1), These sorymes hgve
been assigned w5 separate loci. No sex/
phenotype relationships were ohserved:
therefore, data from males and females
are combined in Tables | and 2.

The tastest moving hand, 1.00, fira
appesrs in the pupal stage and is ob-
served in adult specimens older than 14
days. This band is designated locus
EST-1, and is the reference band of the
ather bands produced from adults (Fig.
Ih. The band, .99, of locus EST-2 first
appears 1 the larval stage, is presemt
through the pupal stadium, and is lost
about 3 days after emergence. Ved Bra
and Whitt (1975) reported a similar sit-
ation with EST ssorvines in An. albimans,
These differences during ontogeny indi-
vate that the 100 and 99 isorymes are
products of different loci. No
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Figure | Diagramate drawing of the asive
eslerase isasymes in b crraficus. FST-1, et
areesterase loce The BEvalues are to the Lefrod
the hands. Bi=migration distance of the
bancimigravien distance of EST-1 band.
Arsole 15 at the top.
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Table 1, l'}s[c:'asu phenotypes Prom single pair matings in Calex errativus, LST-5, EST-4, EST-5,
Pair Phu:uhpﬁ Parental genotypes'  Fxpeoted ratio  Chi-square Probabiliny?
EST-3 .84 B4/.76 .76 Null A4 B4LTE TE Mull

I - —  — a3 MM w0 NN ] n g 1

¥oo—  — 13 25 M x TEN? 1] ] [ 5. 60F =05

F OB =0 it BN x BN k] ] 0o .07« =70

4 — — — ;2 M x NiN 0 0 LU

h— B2l —  B4TEx THLTEE OO 1 0 B.65% =, 001

L T SOLTE x TRLTRT 0 ] I 0

7 — — 101y AT NIN 0 ] Il 221" =10
L3T-4 B8 BELGL 6] GE BRLGI G

[ 18 12 BELBL x BELE] i 2 I L el

& 25 I 6 — BELG1 x BRLBE | 1 0 nagE =50

i 4 — — BELER x BELGE | 0 0

4 52 — (068w GRIBR | 0 ]

h o — 46 — BUGL x GEGRE 0O 1 {1

6 47 — - JGHLBE x BRLBE | 0 ]

T - 12 17 6RLBI x 616 0 1 | 0, 5o =50
EST-5 40 4033 3% Wull A0 40055 53 Mull

P43 —  — — 400Dy A A0E | i LU

2 B 20 Il — AGES v 40035 I 2 1 48 =70

I 24 - — 17 ADN2 x NI I il oo [ s =50

4 35 — 17 ANNT 4NE 3 0 0| |26+ =20

o= — 26 M x MM I} 0 0 1

6 47 — - ANADE x 4R ] 1 0 o

T 29 _— A A0 5 A0y -1lf'l‘ I 1] (R

' Parental ;{Lnnt‘_r'p-.i wire determined by electrophoress,

* These genotypes are assumed from the numbers obtained.
* Valuus vhrained from abridged Table IV of Fisher and Yates,

¥ With Yates corvection,

polymorphism  was observed at either
lescus,

Preliminary study indicated that the
other isozymes represented producs of 3
lci. Tests were made to confirm this hy-
pothesis. Individual pair matings were
made, and the genotypes of the parents
for the 3 locd were later determined by
electrophoresis. The data from EST
phenotypes among the progeny of each
cross are recorded in Table 1. The proh-
abilitics show that the phenotypes of the
progeny of most matings are consistent
with the expected monohybrd frequen-
vics for each locus; therefore the das
support the hypothesis that 3 separane
loct are imvolved,

The laboratery colony is a large
mendelian population in equilibrium;
then if these are separate loct the

genotypic, and hence phenotypic, fre-
quencics of the proposed alleles obiained
from any large sample should be the
same. Allele frequencies Tor each locus
were determined from a control sample
and equilibrium tests were made of the
sample, In each case the conorol group
was in eguilibriom (Table 2. Addinonal
samples, referved 1o as “test runs,” were
made and expected phenotypic frequen-
cies for these new samples were deter-
mincd using the established control sam-
ple gene frequences. The “test run”

phLm:-t}pu Frequencies and their appro-
priate expected [requencies were com-
pared. The data presented in Table 2
support the conclusion thar EST-3,
EST-4, and EST-5 are separate loci; fur-
thermore. the data suggest that there are
two active and a null allele at EST-3. two
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active alleles at EST-4, and two active and
a null allele at EST-5,

Aoypical EST zymogram is presented
in Figure 2 with data fram 8 different
acluls. In each specimen the band at locus
EST-I is present: however, no band is
shown at EST-2 because these mosquitoes
were run at least 8 days afier emergence.
Samples 1, 7, and 8 are homozygous aull
for locus EST-3: 2, 4, 5, and 6 have the
B active allele; and specimen 3 has the
B4 active allele, All samples have the 68
allele and 3, 4, and 6 are heterozygotes
{ .68 and .61) for locus EST-4, Individuals
3,4, 6,7 and 8 have the 41 allele; 1and 5
the .33 allele; and specimen 2 s
homozygous null for locus EST-5. Some
of the specimens in the fgure, especally
evident at the EST-5 locus, show a very
light lead band. This "extra” band is occa-
sionally seen, and is probably an artifact
of the zymogram preparation. The active
alleles at oo EST-3, EST-4, and EST-3
are codominant or in the heterozygote for
the active alleles there are 2 separate
bands. Specimens with (84 and 76 bands,
B8 and .61 bands, and .41 and .33 bands
have been observed., Null s completely
recessive to the active alleles. It is not
pussible o identify readily a nullfactive
allele heterozygote.

Certain Melanoconion species have been
involved with discase transmission, hut
many of these species cannot be easily
identified with usual taxonomic chae-

4+

4 phenotvpes—2 alleles=1,

Figure 2. Zvmogram of eyght adult
mosquitoes. See text for [erther explanation.

“* Degrees of freedom for ES3T-5 and EST<5=4 phenotypes—3 alleles=1.
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acters, Studies are uwnder way to deter-
mine it EST polymorphisom can be used w
aid in the wemntification of the species
within this subgenus,
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