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ABSTRACT. Isozyme profiles of mos-
quitoes from lshorarory calonies ol Culex ocorse
amd Cx. penscesse for 18 enzymes were made
and compared. Tris possible 1o differentiate
the larvae, pupae and adults from these cal-
omigs by their distinet acid phosphatase (ACP),
glvceraldehyde-3-phosphate  dehydrogenase
(GAPDHY f{adulis only), phosphog-
lucoisomerase (GPLY and zanthine dehy-
deogenase (XDH) izorvme patterns. The
isozymes produced by ather enzyvmes could not
be used for specific idennfication, due ta cer-
tain similarites in their isceyme migrations.
Stady of TH} field collected and taxonomically
ilentified males, 26 Cx. o and 14 Cx
frenpeossn, showed that cach male of a particu-
far species” field sample had anisozyme profile

INTRODUCTION

The name Cwler (Melanoconion) aikentd
(Aiken and Rowland, 1906 was consid-
cred to be a nomen dudoem and the names
peossg Divar and panocosse Dyar and Knab
were resurrected  from synonymy  with
atbkent (From Dyar 1928) and applied to
the owo species that were recognized
under that name (Belkin 1970,

At Gorgas Memorial Laboratory
(GMLY, it was demansiraced thar Cx
atkenii (in the sense of Dyvar 1928) was a
natural vector of Veneruelan equine en-
cephalitis virns (VEE) (Galindo and
Grrayson 19710 and that Cx. seosse and Cx
panccosss could be experimentally in-
fected with the virus (L. Kramer, unpuh-
l1shed).

These two species, which have been in
colony at GML for over 7 vears {Adames
and Galindo 1972), at present can be
identitied with cerwainey onlv by charac-
ters on the male terminalia, On the A
lantic watershed, the Panama Canal
roughly marks the boundary of ther dis-

for ACP, GAPDH, GP1 and XDH that was
identical to the profile of the appropriate in
colony species,

The sozvime profile of these 4 enzymes was
useel 1o specilically denuly Cx, ocovsn and Cx
paneessia collected from a mived population of
the 2 species collected in the Juan Mina area of
central Panama. Adules attracted to man bait
and larvac (later reared 1o adulsy were col-
lected ar 8 sites. These specimens were spectl-
cally identified by sorvme analvsis, and bath
larval and adult callections were shown ta cane
sist of 80% Cx. orassz and 20% Cx. panocossa.
MNeither species had a greater araction o man
Bant than would be expected from therr species’
densities.

tributions, O, ocossa to the east and then
south and Cx. panocosia to the west and
then north. On the Pacific side the species
are allopatric, ocosse east of the provinece
of Chiriqui and paneeosse in western
Chiriqui. In one Atantic area near the
Panama Canal, Juan Mina, these species
ave sympatric, Precipitin tests of blood
engorged females collected in the Juan
Mina arca and identified as "Cx afkeni”
and Cx. goessafpanocosia showed the pres-
ence of human blood (Tempelis and
Galindo 1975 and Christensen, personal
commumication), If a method were avail-
able to identify adul females of these
specics, the Juan Mina population could
be used to obtain information on their
host preference, that is, whether 1 of the
2 species has a greater attraction o man,
and therefore would present a greater
threat as a VEE vector in the area.
Studies on specific idemification of
mosuitoes by clectrophoresis have dem-
onsteated that biochemical characters can
be vsed in association with other
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taxonomic characters to identify
specimens of  morphologically  similar
species, Miles (1978) testecd over 20 en-
eyines on o mosquitees in the Anopheles
gambice group of spedies, and reported
thar certain of the species could be iden.
tified by species-specific unigque alleles for
certatn enzyimes. Inoa study by Saul o al,
{1977a) the authors reported an elec-
wrophoretic method of identitving adults
of 2 species of Aedes which are similar in
appearance and are sympatric through-
out mnnst of their range, one most proba-
bly a vector of La Crosse encephalics the
other not. Inanother paper by Saul et al.
(197Th) certain species of Culer were
iemified by electrophoresis, Swdics by
Mahon ot al, (1976) and Bulling and Col-
liei (P95} note cortain unique allozy mes
which can be used 1w identity species of
the An. gambioe complex, The work by
Bullini and Colusa includes a review of
many other clectrophoretic studies which
have been done on mosquitces. Tre-
batoski and Faynes (1969 compared the
enzymes of 12 species in 3 genera of mos-
quitoes, and obtained specics-specific
patterns for all 12 species with cerain
engymes. In addition o these stucies on
species identification in mosquitoes,
studies have been reported on specific
identification of Droraphila by elec-
trophoresis {Avala and Powell 1972 and
Avala et al. 1972),

Loz attempt to idencify adule females
of Cx ocoesse and Cx panecassa their
isczvme patterns from cellulose acetate
clectropheoresis were stndied.

MATERIALS AND METHODS

The laboratory colonies of Cx acosea
and Cx panccose were mamtained under
abmost identical conditions in 2 different
bulldings at GMIL. The Cx. scossg colony
was devived from material collected near
Tovmmen airporer, about 13 kme NE of
Panama City, and the Cx pranacsse ol gney
was established fram specimens collecied
at Juan Mina, on Gatun Lake, abour 20
ke NW of Panama Citve The larvae were
fed dry veast (one 1ablet per approx-

imazely 2000 Larvae per pan per 7 davs). A
single water lettuce leal (Pista stratioles
Linn.) was placed in cach pan, and the
wilter was constantly acrated, Pupae were
collected and allowed to cmerge in cages
about 61 em ocube. Adults were fed on
hamseers, and subsequent oviposiion oc-
curred in a pan containing Putie leaves.
Eggs were allowed to hatch and the larvae
thivided inte groups of abour 200,

Field collections of both adults and lars
vae were macde at 8 sites in the Juan Mina
area between Seprember and December,
1978, The larvae were collected among
the Putia with dippers, and the adules
were collected as they landed on the col-
lecter, Only a Few adult specimens con-
taincd blood: therefore, anly man bat
attraction of these 2 species can be tested,
The adults were immediately placed in a
liquid mdrrogen container, and both adults
and larvae were transported back 1o
GML, The adules, all females, were iden-
tified as Ox. ocassedpanocnsa and then held
at —T0C wuneil their dsoryme patterns
could be tested, The larvac were iden-
tified as Cx scossafranocossa and  were
reared in the laboratory. The adull fe-
males fram the larval collections were
identified as Cx. ocossaipanecossa and were
stored at =70°C, One hundred of the
males which were obtained from larval
coellections were specifically idenufied by
characters on their teriminalia, Males were
identificd to species by examination of
the sivle under the highest magnification
1][. !]'tl.‘: !‘u!'.‘_‘.TL:f_'I.SCII}]}'i-I'_' 1r1in‘r:]s:‘up¢_‘,

ELECTROPHORESES

A total of 18 cnzvimes were tested on
the laboratery colony mosguitces. Many
of the enzyme procedures are similar w
those described by Shaw and Prasacd
(19700 and Awala (1973), These proce-
dures were adapted for cellulose acetate
clectrephoresis and mosquite tissue
(Krewezer et oal, 1977, Rreutser 1979,
Kreutzer and Christensen 1979 and
1980 The procedures for 5 additional
anzymes adapted for mesguice tissue and
L‘{.'l.rul.[)ﬁl‘! Al lare L’.']{‘.{:[n)[ll"l(l-!'{'ﬁ.iﬁ AR pr{:-
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sentedd in Table 1. The electrophoresis
equipment was [rom Helena La-
boratories, Beawmont, Texas.

Over 200 specimens of cach species
were run for cach cnevme; however in
many cases data for moere than 1 enzyme
were obizined from single mosguitoes.
Each mosquite Trom the Juan Mina col-
lections was tested for ACE, GAPDH,

GPI, PGM and XIDH, and specific iden-
titication of these specimens was made
from the electeophoresis data.

In this sudy individual whaole adolt
mosguitoes {occasicnally larvae or pupae)
were used to obtain soeyme information,
It is possiblke 1o obain isczyme data for
certain eneymes (PGI and PGM) from a
single leg of an adule,

Iable 1. Cooditions [or electrophoresis and components for developing eymograms.

Cell

Reacton

E v ime buffer  buffer Developing components'

FUM®* 1% A 500 mg Fumarie acid (K salt); 1% mg @-nicotinamide adening
dinucleotide {OPNY; 15 mg MTT tetrazoliwm (MTT H mg
Phenazine methosulphate (PMS) 2000 anirs Mahc dehy-
drogenase (Porcane Heart).

a-GIH 29 B 50 mg e-glycerophosphate (Mag sale); 15 mg MTT; 15 ng
#-0DPM; L0 mg PMS.

GAPDH 2 B B g Frucrose-1,6-diphosphate (Na, salt: L5 mg MTT: 13 mg
B-DPM; L0 mg PMS: 100 me Sadivm arsenate [(Na salt); 35
ienits aldolase {Rabbit muscle).

1CE o4 C A0 myg DL-Tsocitric acid (Nag sal) 100 mg MnCly; L3 mg MTT:
15 mg F-nicotimamide adenine dinucleotde phosphace {TPN)
[MNa salt); IO mp PMS,

X1H a3 C 100 mg Hypoxanthine; 15 mg MTT 15 mg #-0PN; 1O mg

M5

OTHER ENEYMES!

el Buffers:

L. Ak 02 M NaH POy o (b25 Na HPO, wo reach pH 7.0,

900 M T L T Maleic acid/000 MOEDTA (NaghiTh1 M Mgly: adjust to pH 7.4 with HatH.

Muembrang Huffers:
Une part appropriate cell bufier 1o 14 pars distilled water.

Reaviion Buffer:
A Aded 005 NaH PO, tp B.05M NagHPO, 1o reach pH 7.0
G 003 M Tris adjust o pH B0 with 530% HCL
Coonod M Ui adjusc o pH Y8 with 50% HCL

1, To mmake GO mb of stain. Al chemcals Sigroa.

9. This svstem requires cooling during clecirophoresis,

3. These svalems are run for 13 minutes at 150 volis,
FST* (Kreutzer 1979 ACP—15 mimues @1 170 volts, G, PFE, GAFPDH, GOT—15
minstes an F00 vahs, HR—L15 minates at 200 volts, LIH-— L3 minutes at 175 volts,
MDH—13 minuces ar 180 vahs, ME—L15 minutes at 160 volts, PG, GPL PGM—20
minuies at 200 valts, comditions for clectrophoresis and componenss Bor developing
rvimograms of these engymes (Kreutzer and Christensen 198D),

W

* Fumarase (FUMIL e-glycerophosphare dehydrogenase {ee-GDH), Glyceraldehyde-3-
phosphate debvdrogenase [GAPDHY, soctrate dehyd regenase (100, Xanthine dehvdrogenase
(W DHY, Esrerase (non specilo (ES T, Acid phosphamase (ACE), Alanine aminotransberase (GED,
BePhasphofriciokingse (PFR), Glucose-G-phosphate debydrogenase (GEPDHE Glutanae
oxaloacelale Lransaminase (Aspariale amnotrensforase (GO T Hexokinase (HK) Lacte clehy
drogenase [LDED, Malic delvdrogenase (M), Malc enzyme (ML) B-phosphogluconic dehy-
drogenase (PO, Phosphaglucoisomerase (GFD, Phosphoeglucomutase (PGM)
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RESULTS AND DISCUSSION

Of the 18 enzymes tested on colony
specimens of Cx, ocomsa and Cx. panocossa 7
produced bands with species-specific mi-
grations, Table 2. Figure [ s a photo-
graph of zymograms for certain enzymes.
The PFK bands can be used but with a
certain amount of ambiguity, because the
clectromorph, 91, which is fixed in the
Cx. panocossa colony was recovered at a
low frequency (=013 from the Cx oeasse
colony. Data from additional natural
populations might be combaned with the
PFK data presepted here, table 2, on the
A1 electromorph which overlaps ata low
Frequency i both species to measiee the
degree of genetic divergence between the
spoecies at that locus, Tois possibla bt the
PFK wene may show a variable degree of
evolution In natwral populatiens of cach
specics and thus provide information on
the genetic scructure of these and possibly
other closely related Melamoconion species.
The 1CD baned, 93, from one presumed
lopcuis is fixed in Cx paneceszs and 15 also
present in the Cx, orossg ar @ high fre-

quency (2=9%. The bands proedoced by
the enzymes ACP, GAPDH, GPI, and
X, the presumed second locus of [CD
and one presumed locus of MDH are
species-specilic and can be used o speci-
fically identfy specimens from either col-
omy.

Unpublished studies on field samples
of Cx. seossa have shown than frequencies
for some engymes are neither the same in
each sample nor are they the same as the
trequencics in the lzboratory colonies.
Alloryme frequency differences among
different geographical populations have
also been noted by Bulling and Coluzzi
(1975, Miles (1978) and others, In order
to determine whether the electromarphs
of ACTE, GAPDH, GPL and XDH which
are species-specilic in the laboratory col-
ony sample (Table 2) are similarly specific
in the Juan Mina area, 100 randomly cho-
sen adult males From the Juan Mina larval
sample were identified by their termi-
nalia, and their individual profile tor
these enzyvmes was obtained, The eneyme
profile of cach identificd field mosguing
correlated wath the profile of colony mos-

Table 2. Enzvmes and relative migrations (B0 of electromaorphs which can be used w specifically
wleneify mosquitecs from the GML Laboratory colonies of Culex acesea and G panocosse, and data

fromm 100 males colleeted in the Juan Mina area af Ceniral Panama {near the Panama Canal).

Laboratary Colonies

LT PGSR
OCOEE IR0 {86 specimens) (14 specimerns) Ty
Enzyme Bi* Frequency  KE Frequency R Freguency  RE Frequency  of Loa
ACE 1.0 1,000 1.19 L. 1.0} L) 1.12 1.0 1*
PR L0 =89 51 100 Wot Determined  Not Determingd 1*
91 <, 0]
GATDH 1.00 1.0 72 =00 il 1.00 i) LA0F [+
R:3 <01
1T L. <. 01 Rx] 1.6 MNaor Determined  Noo Determined b
A5 .89
a5 L0 A4 L.
MDOH 100 1,000 100 1,600 Mot Determined  Not Derermined 2%
2 1.0 A5 L.
Pl [T 1.0 1.06 L. 1.60 L.00 1.06 1.O0 I*
XD 1.00 1.ad 77 E.00n 16060 1,00 rirs 1,000 15
pf= distance of band migration

most anadal band in GML colony agese

* Assumed for these species. ACP = Igbal, et al. (15731 CAPDI—Ved Brat and Whin (1974);
¥DH—MNarang and Kitemiller (19723 1CD and MDH—S5tciner and Joslyn (1979).
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Fig. 1. Zymograms for certain eneymes. O = origin, The nombers at the left of each zymagram
are BE values: the most anodally migrating band for each enzyme from Cx scessz has arbitrarily
heen assigned a value of L0, and all oter eleciromorphs or isoevmes bave proportonal BT
values, ar = Cx scpstn pa = Ox, panorossa. Anode is at the top of each svmogram.

quitoes. Each of the 86 Cr acove males
had the [LO9 clectromorph for ACPE,
CAPDE, GPIE and XIDH, and cach of the
14 {x et males hacl the 1,12 ACP
band, the .72 GAPDH band, the 1.06 GPL
hand and the 77 XDH band, Tahle 2. No
other bands were obtained for these en-
symes among these [00 males. These data
suggest that the Juan Mina sample and
the laboratery coleny samples had certain
clectromorph similarioes for these en-
#vmes, and that the field collected mos-
guitoes dentified as Ox. ocossadpanocasia
could be speafically wennfied from their
electromorpl profile for the engymes

ACE, GAFPDH, GPI and XDH.

Collections of larmae (reared to adales
i the laboratory) and man ban atiracted
aculis were made at & snes in the Juan
Mina area. Each of the remaining 1133
Oy ocopsafpanocoiss speclimens was tested
ang had | of 2 electromorph profiles,
Males and females with the 1.00 ACPE,
CGAPDH, GPL and X bands ancd males
and Fernales with the 1,12 ACE, the 72
GAPDH, the 1.06 GPI and the 77 XDH
bl The former group was assigned o
b Cx, oroser and the latter Ox panecoss,
Nooother hands were ohmained for these
cnegvmes, In additdon w these 4 engyvimes
POM data were collected on cach mos-
guites, Tahle 3, Fach specimen produced
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at least 2 PGM bands, | more anocdally
migrating light staining band and a 2nl
darkly staining slower migrating band,
This same situacion, band pairs for PGM,
[ light and 1 dark, was noted by Bullin
and Coluzei (1973), These authors pro-
posed that the light staining band mighn
be derived from the more intensely
stamning band by secondary modification
of 1he enzvime.

Preliminary unpublished studies on the
PGM system in mosguitoes {from the GML
colony of Cr. ecowe indicated that 3 si ngle
locus with codominant multiple alleles
was involved, Bulling et al, (19717 re-
ported codominan muliple alleles as
products of & single PGM locus in Gl
fapriens. In the samples fron Juan Mina 4
POM allozymes-were obtained from Ok
cepsgr and § PGM alloeymes from Cx,
pawecossa. The bands had identical ma-
gratons in each species and were always

n pairs, | light and 1 dark. The al-
lozymes, dark staining bands only, are
designated A, B, C, D to facilitate idenifi-
cation, and the relative migration of cach
band is noted in Table 3. No designations
have been assigned to the light secondary
bands. Mosguitoes with the genotype AD
CLOBLE4) had 4 equally spaced bands on
the zymogram, the most cathodal dark,
the next fastest band light, a more anodal
dark band and the most anodal band
light. The most common isozvime pattern,
BC 1,004,923, consisted of 2 dark bands
ane 1 light lead band, Figure 1, The Al
and BO patterns are heterozygotes for
codominant alleles,  Although the AD
specmens show the dark, cathodal, band
and the light, ancdal, band Tor cach allele,
in the BU heterozygote the light anodal,
Land of the G99 allele is hidden Ly the
dark, cathodal, band of the BeLOO) allele,
In figure | the middle band of the B

Uable 3, PGM tsnzymie dat from Cules ocpsee and Cx panocosss collected in the Juan Mina areas of

TYPES

Site!  AAT AR AC AD BR BRC BD CC CD [ §jlet
Man Dbaie acdules focoesa)
1 t 3 0 0 &17 0 840 0
U il b1 0 1% %25 0 99 0 0
5 1 o2 0 G20 1 11 0 0
4 a 0 0 o 2L 0 120 o
] O 0 4 0 44 0 29 1 0
H o2 0 W 1% 16 0 18 0 0
T bt 3 2 0 9 3% 0 15 0 0
B b 2 0 9 15 2 0 13 ¢ 0o
Adduls from larvae (acni)
1 05 1 0 16 35 0 4 0 0
4 o 4 0 0 %5 90 50 0
i 0 4 F 0 29 29 0 20 0 0
4 i 0 2 0 29 44 0 35 0 qQ
] ) 31 0 927 00 20 0 0
[ L R | - T T 4 O ) B o
i il i) 1 0 22 41 0 26 0 0
2 Ll 1 I 0 153 47 0 24 0

central Panama (near the Panama Canal).

AAa AR AC AD BB BC BID OC CD DD

Man bair adulls (parocosia)

| LI L 0o o 120 4 O 0

2 9 Q0 0 0 31 0 0 0
3 a 0 0 a4 12 0 0 0 0 0
4 g 0.ooe-a0 ¥ 1 o0 0 0 0
h o000 01w 2 a0 0 0 0
[+ 0 6 a9 0 15 1 0 0 0 0
) (L | A R (R O T 1
] T a0 0o 0 28 1 0 0 0 0

Acdules [rom larvae [ fzreacase )

| a0 0 0 3 0 o0 0 a0 0
2 L T 1§ .~ S T ¢ N | T O 1
5 oo 0 0 6 2 00 0 0
4 LN | N R R T (R T 1 Y N |
L] I | N R RO - R TN/ B | B 1
i a0 0 0 25 1 0 O 00
T g 0 6 0 8 2 0 0 40 0
g 0 I B0 la 4 0 o a0

' Each sainple & each site of eroga was in Hardy-Weinberg equilibeinm,

! Chi-square tests were not made of the parososa samples becpuse at least B7% of the expected

Frequencies were less than 5.0 [(Cochian 1954),
TRE values for PGM allezymes.

M= 1L0E,
B=1.00
C= .49
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i 100798 heterorygote is thicker than the
most cathodal dark band, This is the
usual pattern on zymograms of BC
heterozvgotes, a dark thin cathodal band,
the next anodal band dark and thicker,
and the most anodal band lighe. Fach of
the Cx. ocosin samples, adults or adulis
reared from larvae, from cach of the 8
sites was tested and found in Hardy-
Weinberg equilibrium. This indicates that
cach sample 15 a representative of the
population ar thay site, Cx. panecosss
samples could net be rested, because an
excessive number, 67%, of the expected
Irequencies were less than 5.0 (Cochran
19541 All PGMata from the Juan Mina
saimples were combined, rested and Tound
in Hardy-Weinberg equilibrium, Table 4.
G, panseosss combined samples were no

testedl, and ceriain Cx, aressa clagses, AA,
Al By, Ch, DD were omitted in the
calculations (Cochran 19543, The com-
bined data suggest that in the Juan Mina
area there is a single populaton of Cx,
ceussl It is assumed that Cx. parocosss is
alser a single population,

Both larval and adult collections were
miacle at cach site to determine whether |
or the other of these species has a greater
attraction to man bait. The larval sample
would give a reliable estimate as to the
actual proportion of each species in the
area. An excess number of 1 species inthe
adule sample can implicate it as a poten-
tially more agpressive man iter. The
combined data for each species collected
as adults or larvae are presented in Table
5. These data show that the Juan Mina

Table 4. Tests for Hardy-Weinherg equilibrinom of combined daa of Culee prossa samples

collected in the Juan Mina area of Panama.

PCM Type? b rved Expeoted® Freguencies
Man hair aduls ADR 10 T8 A= 0235
AC 9 5.5 B = 4540
BB QR a1.9 C=_521%
[T 1594 2156 =.0011
L 1#5 194,1
=17 hA
df =G clusses—3%
alleles =2
P=20F
Aduls from larvae AB 7 9.l A= (155
AL 5 10,5 B= 4511
BB 116 1144 C= 5374
B 955 2654
LI 1ng 154 .4
=12
df=5-5=2
Pz 50
Toral combined AR 17 16,4 A= _[0185
AC 17 19.0 B= 4540
e 214 2065 =574
B 464 4794 [ = {05
ce PHT 2784
w* =128
di=5-3=1%
Po= 504

' tests were made of the peessssse samples because 6759 of e expected freguencies were

less than 5.0 {Cochran 1954},

# Classes A8, AD, BD, G, and DD have nat been incladed because cach of their expected

frequencies was below 1.0 (Cochran 1954),
*abridged Tehle [V of Fisher and Yates,
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mixed population of larvae consisted of
BO% Cx ocesaa and 209 of Cx. panocoiss,
and that the adults arteacted o man baic
consisted of almest identical proportions.
Meither species in the Juan Mina popula-
ticn had a greater atraction to man bait
than their species’ densites would pre-
dier.

Table 5. Totals of gach Cwiex species
iclentified by ACE, GAPDH, GPI and XDH
electrarmar ph analysis in the samples from the

Juan Mina Area of Panama.

Aduls

wan bair adulis from larvac

Site OOOSSE SRIAOCOTST  OCOESE WIROCOTSE
L g1 15 (553 54
2 (55 i 15 40
5 14 12 T4 g
4 44 o L1014 ]
h a7 1 £l 15
g 48 14 ik 26
T Gl 13 a0 10
5 s 20 6 17
Totals 447 114 RN 1537
ko Ta7 a8 85 107

P Certain of the adult males reared from lar-
vae wers also wdentbed mecphologically by
characters an their terminalia .

Tor this study only ardulis were used,
however most ol the enzvmes produoced
wentically migratmg bands and  equal
mnnbess of bands in larvae, pupae and
adults; EST and GAPDH did net. It
should he possible toe measure other field
biological parameters of these species.
Currently studies are being conducted an
GML on [eld collected bBlood engorged
females which should yield saluable in-
tormation on the various hosts of these
species. [sozyvme studies on ather
Melanoconaon species are contemplated,
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