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have been studied. Agrell and Kjellberg (1965) stated that 30 enzymes
have been shown to have multiple molecular forms.

A number of investigations have demonstrated that not only are
the isoenzyme patterns species specific but also tissue specific. A
major work on the distribution of esterases in mouse tissue by Markert
and Hunter (1959) demonsirated that esterase activity is associated with
particulate fréctions in the cell, especially with the microsomes. They
even suggested that esterase activity in the non-microsomal fractions
was due largely to microsomal contamination. Furthermore, they were
able to show that enzymatic activity increased in an orderly fashion in
developing embryonic tissue. "Electrophoretic separation of esterases
from a variety of tissues at successive stages in development clearly
demonstrates the addition of new esterases during development as well
as conspicuous changes in the amount of individual esterases” (Markert
and Hunter, 1959). However, they found that once maturity is reached
that no further significant changes in relative esterase activity occur
even in mice 16 months old.

By comparing electropherograms made from various tissues from
different species these authors were able to show that not only are there
characteristic differences in esterase activity between species but also
striking similarities. They were able to demonstrate "in mouse esterases
so far examined, those occupying the same electrophoretic position have

shown the same substrate and inhibition specificities. This observation
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supports the thesis that esterases with the same mobility, from what-
ever tissue of the mouse, are indeed the same molecular species"”
(Markert and Hunter, 1959). In order to make comparisons of elec-
trophoretic mobility and resolution of esterases from different tissues,
however, it is imperative that the electrophoretic conditions be pre-

cisely controlled.

Molecular Basis of Isoenzymes

According to the present dogma the deoxyribonucleic acid (DNA)
code is transcribed into a ribose nucleic acid (RNA) which specifies the
sequence of amino &ids in a polypeptide (Spiegelman, 1960). Once the
primary polypeptide chain is formed it is subject to various modifica-
tions. Disulfide-bridging, hydrogen-bonding and various other types of
intramoleéular as well as intermolecular reactions between polypeptide
chains result in folding of the molecule to produce the secondary, tertiary,
and higher order three dimensional structure (Markert, 1968).

At one time it was suggested that polymorphic forms of proteins
may be due to mistakes in the protein forming mechanism resulting in
slight structural differences in the protein product (Colvin, et al. 1954).
However, Markert (1968) views this as improbable and suggests an
alternative explanation, i.e., once the primary structure is formec},
variations in the tertiary structure result in molecules having different

net charges and therefore different electrophoretic mobility. However,
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studieé by Cook and Koshland (1969) suggest that the folding process
occurs either during translation by the ribosome or immediately there-
after. This would indicate that the final three-dimensional structure
is formed very rapidly after the formation of the polypeptide chain.
These authors suggest, therefore, that intramolecular folding is a very

precise process which prevents incorrect aggregation of unfolded chains.

In vitro treatment of esterases of maize with various chemicals
(Schwartz, 1967) produced changes in the electrophoretic mobility of
certain esterases. Schwartz (1967) concluded that these electrophoretic

differences in the isoenzymes result from variable masking of charges on

the polypeptide produced by conformational changes of the protein. More-

over, he indicates that the isoenzymes have the same primary structure
and that the conformation of the protein is specific or influenced by
something other than the amino acid sequence of the polypeptide.
Schwarts suggests that in addition to the existence of structural genes,
conformational alleles may be responsible for isoenzyme variants.

Likewise, in vivo studies on the effect of insulin on mouse liver
esterases indicate slight temporary changes in the mobility of several
esterase forms (Ogita and Ogita, 1965). Thus, the polypeptide may
conjugate with small molecules to produce slight modifications in
electrophoretic mobility.

It is true that various factors influence the electrophoretic mobility
of isoenzymes, however, to conclude that environ;nental factors which

alter the structure are responsible for the formation of isoenzymes must




be viewed with considerable skepticism. Such conclusions are not in
accord with evidence where adequate genetic and biochemical parameters
are established.

Differences in electrophoretic mobility of the many genetic variants
of human hemoglobin have been shown to be the result of substitutions of
single amino acids in the polypeptide chains. "The altered electrophore-
tic mobility reflects a change in the net charge of the protein molecule
which occurs when the amino acid carries a charge different from that of
the one it replaces" (Ingram, 1957). Moreover, the polymorphism of
human serum haptoglobin (Smithies et al., 1962) results from duplications
or deletions of segments in the primary structure which alter the net
charge of the molecule. These studies are representative of the exten-
sive genetic evidence for the changes in electrophoretic mobility brought
about by changes in the primary structure of the molecule.

Recent investigations of the genetics of enzyme systems in various
organisms indicate that differences in mobility of isoenzymes are under
genetic control rather than controlled by the cellular environment.
Augustinsson (1961) suggests that certain amino-acid sequences are
required for enzymatic activity, however, the sequence of the many other
amino acids in the enzyme molecule may vary without altering the specific

activity of the enzyme.




Physiological Significance of Isoenzymes

Markert (1968) emphasizes the evidence for tissue specific iso-
enzymes to indicate that isoenzymes do have biological significance
and are not just biochemical curiosities. He has demonstrated that the

five principal forms of the lactic dehydrogenase isoenzymes result from
the tetrameteric association of two distinct polypeptide subunits, A and
B. The two genes responsible for the A and B subunits appear to be
active in nearly all cells of the mammals and birds examined, but to
widely varying degrees. Furthermore, the sensitivity of the two sub-
units to either lactate or pyruvate appears to determine the proportional
occurrence of A and B subunits in various tissues. Enzymes in which
subunits A are predominant are found in skeletal muscle where high
concentrations of lactate are present, whereas, enzymes composed
mainly of subunits B are found in heart and brain tissue, which contain
small amounts of lactate.

Markert (1968) also indicates that not only are isoenzymes tissue
specific, but that the function 4of the enzyme is related to the location
of the enzyme within the cell. He suggests that the charge of the mole-
cule which influences its electrophoretic mobility is related to the func-
tion of the isoenzyme within the cell. Charged molecules within a cell
assume positions with reference to other charged molecules that are
present. Agostoni et al. (1966) suggest that charge plays an important

role in the preferential location of LDH-1 on mitochondria. Likewise,




the cytochemical investigation by J. M. Allen (1961) reveals that
certain isoenzymes of LDH are distributed in certain locations within
the cell and that they differ somewhat in enzymatic specificity. More-
over, Thorne (1960) after differential centrifugation of rat liver localized
one of the two principal isoenzymes of malate dehydrogenase in the
mitochondria and the other in the supernant cytoplasm. "This distribu-
tion of each isoenzyme to characteristic positions within the cell would
enable them to perform distinctive metabolic roles even though their
enzymatic properties were very similar” (Markert and Apella, 1961).
"The isozymic forms of an enzyme, though catalyzing the same
reactioﬁ, do generally have distinct catalytic properties which pre-
sumably enables each of them to function in accord with physiological
requirements either at different sites within a cell or in distinct metabolic
sequences" (Stadtman, 1968). Just what each isoenzyme does that dis-
tinguishes it from the others in a series is still a mystery, but their
abundance in nature would suggest that they offer selective advantages

to the organism.,

Genetics of Isoenzymes

A review of the literature reveals no adequate genetic classification
for isoenzyme systems. The following general genetic classification of
isoenzymes developed by this author surveys the reported genetic systems

of isoenzymes.
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1. Co-dominant alleles. Two esterase isoenzymes (or groups

of isoenzymes) under the control of alleles at a single locus have been

demonstrated in Tetrahymena pyriformis (Allen, 1961), Drosophila

melanogaster (Wright, 1963) (Beckman and Johnson, 1964), D. simulans

(Wright and MaclIntyre, 1963), and Aedes aegypti (Trebatoski and Craig,

1969). The alleles are co—dominant,' and no hybrid molecule is found
in heterozygotes.

2. Interacting co-dominant alleles. Some molecular forms arise

under the joint action of alleles. Heterozygotes show a hybrid enzyme
in addition to both parental forms of ‘qhe enzyme. Examples of such co-

dominant alleles are found in esterases of maize (Séhwartz, 1960) and

in esterases of Culex pipiens fatigans (Simon, 1969). These .authors
suggest that the hybrid form results from the recombination of two dimer

subunits.

3. Co-dominant genes. Finally, some molecular forms of enzymes

result from the independent action of nonalleles such as in E-1 and E-2
esterases in T. pyriformis (Allen, 1961). "The relationship of these |

enzymes would be classed as a family of enzymes rather than isoenzymes.

4., Interacting co-dominant genes. Some isoenzymes arise under
the joint influénce of nonalleles such as the hybrid lactate dehydro-
genases (Apella and Markert, 1961). They demonstrated that two LDH
dimers under the control of two genes combined randomly to .produce five

molecular forms of LDH. Analysis of the amino acid composition of the
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two dimers and the five tetramers demonstrated that the dimers were
encoded by separate genes. Cook and Koshland (1969) have shown
that inter-subunit binding sites of various enzymes inc;luding 1DH are
highly specific. furthénnore, ihey démonstrated that incorrect associa-
tion of subunits even in mixtures of enzyfnes from different species did
not occur. Rather, the active binding sites are highly specific.

Genetic analysis of the isoenzyme systems in Drosophila gives
conclusive evidence that the isoenzyme forms result from mutations in
the genetic code. Alleles of isoenzymes in Drosophila which have been
mapped include, alkaline phosphatase deficient (Aph©) at a locus of 46,3
units on the third chromosome, leucine aminopeptida'se D-Fast (Lap—DF)
and Lap—Ao. Lap—DP is located on the third chromosome at 98.3 units,
whereas 1apA° is located near Lap—DF, but no recombination has yet
been observed (Lindsley and Grell, 1967).

Alleles of several esterase isoenzymes in Drosophila have been
located on the third chromosome. Wright (1963) described Esterase
6-Fast (Est—BF) at a locus of 36.8 units. The location of Esterase
C-TFast was described by Beckman and Johnson (1964) at a locus of 49
units by means of 2/68 crossovers vs;ith Aph and 9/43 crossovers with

Est-6.

Esterase Isoenzymes

Multiple molecular forms of esterases have been demonstrated in

a variety of organisms (Shaw, 1965). However, due to the non-specific
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substrate specificity of esterases, caution must be taken in describing
the family of esterases as isoenzymes. In this work es1.:erases are
classified according to the method of Mounter and Whittaker (1953),
in which cholinesterases are inhibited by both eserine and paroxon,
aliesterases by parox‘on but not by eserine and aromatic esterases by
neither. (Aliesterases hydrolyze esters of N-free alcohols and phenols,
and cholinesterases attack almost any choline ester including acetyl-
choline.) This system of classification is not definitive, but it allows
for some means of separating the esj:erases . Using this method of
classification the esterases are divided into a series of isoenzyme
systems. That is, any one strain of mosquitoes could have a cholin-
esterase isoenzyme series, an aliesterase isoenzyme series and an
aromatic isoenzyme series. |

Several genetic studies have been made of esterase isoenzymes
in insects. Laufer (1961) includes a study of esterases in silkmoths in
a survey of enzyme systems. There are several reports on the genetics
of esterases in Drosophila (Beckman and Johnson, 1964; Wright, 1963;
Wright et al., 1963; Johnson et al., 1968). Reports on the genetics of
esterases in Musca include Velthius et al. (1963), Ogita (1962), and
Menzel et al. (1963).

Recently published reports of esterase isoenzymes in mosquitoes
appeared; Freyvogel et al. (1968) describe esterase zymograms for 14

species and strains of mosquitoes in the family Culicidae. They showed
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that the esterase patterns were species and strain specific. Trebatoski
and Hayes (1969) surveyed enzymes in 12 species of mosquitoes andv
found species-specific esterase patterns for all 12 species, as well as
interspecific relationships. Simon {1969) reported an electrophoretic

analysis of esterases in the development of Culex pipiens fatigans

Wiedemann. This species was first described by Say in 1823 and

named Culex quinquefasciatus.. He described an increase in esterase

activity in larval development, and females and males could be differ-
entiated by four weak zones of activity. He presented genetic evidence
showing that the polymorphism found is controlled by a pair of autosomal,
interacting co-dominant alleles. Homozygotes were characterized by
either a slow-moving or fast-moving band, whereas heterozygotes had
both parental bands and an additional intermediate band. It was sug-

gested that the esterase variants in this case exist as dimers.

Classification of Mosquitoes

Wild populations of Culex quinquefasciatus Say (Plate 1) were
' chosen for a genetic study of esterase isoenzymes. This species is
commonly referred to as the southern house mosquito and is foﬁnd in
abundance in all southern states. For this study Culex larvae were
collected in Baton Rouge, Louisiana and classified as C. guinguefas—‘

ciatus according to Ross (1947).
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Class: Insecta
Order: Diptera
Family: Culicidae
Subfamily: Culicinae
Genus: Culex
Species: quinquefasciatus

In some literature, Culex quinquefasciatus has been recorded

under the subspecific name, Culex pipiens fatigans and sometimes as

Culex fatigans. Culex quinquefasciatus was first described in 1823,

 whereas C. fatigans was described in 1828.

Purpose of the Study

The purposes of this study were to investigate by means of gel

electrophoresis the esterase systems of Culex quinquefasciatus; to

determine the genetic nature of the esterase isoenzymes; and to
characterize the esterases by their reaction with various substrates

and inhibitors.




MATERIALS AND METHODS

Materials

The animal chosen for study was Culex quinquefasciatus. Culex

larvae were collected in the vicinity of Baton Rouge, Louisiana, brought

into the laboratory and classified as Culex quinquefasciatus. Some

stocks of Culex referred to in this study were originally collected in
Paris, France and Hamburg, Germany and were obtained from Dr. A.
Ralph Barr, University of California, Los Angeles. First instar larvae
hatched from single egg masses were reared to adulthood in quart milk
bottles. The larval food was a 1:1 mixture of wheat germ and Kellogg's
Concentrate. After emergence the adults were removed and placed in
cages made from round, half gallon ice cream cartons. A very fine net
sleeve covered the cages to retain the adults and to prevent any con-
tamination with mosquitoes that might have been in the room. The
netting permitted convenient access for removal of eggs and adulis
from the cages. Cotton soaked in honey which served as food for the
adults and a dish of water were placed in each cage.

After a nﬁnimum of five days to ensure insemination, a pigeon was
placed in the cage as a blood meal source for the females. The pigeon
was restrained in a small box with both feet and wings tied to prevent
excessive movement. The immobilized bird with feathers removed from

15
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the pectoral area was placed breast up in the cage and held overnight
with the room darkened to facilitate blood feeding. All stocks were
found to be anautogenous, that is, a blood meal was necéssary to
initiate ovarian development.

Egg rafts were deposited in the water dishes four.to five days after
a blood meal. Each egg raft was rémoved and placed in a separate shell
vial for hatching. The eggs hatched 24-32 hours aftér deposition. A
small amount of food was then added to each vial. One day old larvae
were placed in quart milk bottles containing about one inch of water.
Each day small amounts of food were added and the water level raised
one to two inches until pupation occurred which was from 10-15 days.

To establish stocks homozygous for esterase genes, all the adults
from single egg rafts were continuously inbred for at least fourteen
generations. The genetic constitution of each stock was tested periodi-
cally to select for and to maintain genes homozygous for the esterases.

To ensure the collection of virgins, single pupa were isolated in
small shell vials. After emergence the adults selected for genetic
crosses were placed in pint containers for breeding. When working with
stock; homozygous for' esterase genes, several males from one stock
and virgin females from another stock were placed together for breeding.
However, when dealing with heterogenous stocks, single pair matings
were made in pint containers. In both cases after egg laying the esterase

patterns of the parents were determined or verified electrophoretically.
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..All mosquitoes were reared in a temperature, humidity and light
controlled room. The temperature and relative humidity were main-
tained at 78-80°F and 7.0—80 per cent, respectively. By means of
fluorescent lights the room was lighted from 7:00 a.m. until 10:00 p.m.
each day; from 10:00 p.m. until 7:00 a.m. the room was in total dark-

ness.

Methods
The vertical gel apparatus was from E. C. Company model No.
470. The procedure for assembly followed the steps outlined in the

E. C. Manual (Technical Bulletin 128).

Buffer System

Several continuous as well as discontinuous buffer systems were
tested to determine which gave maximum resolution of the esterase

banding patterns. Among the discontinuous systems tested were:

1. Running buffer ----Tris/HCI (pH 8.9)

Tank buffer -—-=-Tris/Glycine (pH 8.3)
2. Running buffer ----Tris/Citric Acid (pH 8.6)

Tank buffer —-~—-Boric Acid/Sodium hydroxide (pH 8.6)
3. Running buffer ----Tris/Citric Acid (pH 8.6)

Tank buffer ~~--Boric acid/Sodium hydroxide (pH 8.6)
In the third discontinuous system a prerun for oﬁe and one-half hours
with the running buffer preceded the actual run with the tank buffer.
In resolving the esterase patterns the above buffer sYétems gave

results inferior to the continuous buffer system selected for this study.




18
The continuous buffer system using Tris/Borate (pH 8.9) gave the
most distinct and well stained esterase patterns. Several modifications
in this system were tested, and it was found that the addition of NayEDTA
(Ethylene-dinitrilo tetraacetic acid disodium salt) and calcium lactate
increased the staining intensity and the resolution of the esterases

(McCombs, 1969). The buffer used in both the gel and the tank was as

follows:
Tris (Hydroxymethyl aminomethane)----- 0.1 M
Na2EDTA  =m——- 1.5 mM
Calcium lactate - 0.384 gm/1
Boric acid ~~--- Tritate to pH 8.9

The pH was found to be very critical for the resolution of the
esterases. It was found that temperature, electrolysis during the run,
and storage altered the pH. Therefore, all buffers were made and

reused several times after the pH was stabilized.

Preparation of Acrylamide Gel

The most satisfactory acrylamide gel concentration was found to
be 5% (Cyanogum 41, Fisher Company). Lower concentrations gave
weak gels which were difficult to handle and higher concentrations
hindered the migration of the esterases through the gel. Eleven grams
of Cyanogum 41 were added to 220 milliliters of tris-borate buffer and
the solution filtered. In order to give uniform gelation, 0‘.22 ml. of
TMED (N,N,N'N'~tetramethylenediamine) and 0.2 grams of ammonium

persulfate were added, and the mixture was immediately poured into the
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electrophoretic apparatus. The slot former was washed with distilled
water and immediately placed in position. Gelation occurred within
10-30 minutes with the cooling system in operation.

After gelation the apparatus was placed in a vertical position,
the tank buffer was added, and the excess gel and slot former were
removed. A prerun of 1-1/2 hours preceded each run with the condi-
tions of the prerun and the run being the same, i.e., the buffer was
circulated between the upper and lower tanks, and 0°C water was cir-
culated through the cooling chamber. Thc;, power supply delivered
approximately 200 volts at 100 milliamps during both the prerun and
the actﬁal run. | "During the prerun there is established a steady state
flux of buffer ions through the gel that remains substantially unaltered

throughout the duration of the experiment” (Raymond, 1964).

Preparation of Samples

A minature mortar and pestle were made by using a 4 mm. diameter
glass rod to grind 1/2 milliliter centrifuge tubes at the tip. Fresh,
single, whole mosquitoes were homogenized in the 1/2 ml. grinding
tubes at 0°C in 40 microliters of phosphate buffer (pH 6.5) containing
10% sucrose and bromo phenol blue~ as an indicator. The sucrose was
used to give density to the samples, thus allowing them to "settle" into
the slots of the gel .‘ Variations in the preparation of samples were
tested, but none of the foilowing grocedures improved the resolution

of the esterase patterns.



20

1. . After grinding samples were frozen for
several minutes.

2. Single mosquitoes were ground with a small
pestle on filter paper using phenylthikourea .

4, Samples were subjected to sonification.
5. Samples were ground in distilled water.
6. Samples were ground in tris buffer (pH 8.9).

7. Samples were ground in amounts of phosphate
buffer varying from 20 to 50 microliters.

Single live mosquitoes were used in most cases, but no differ-
ences were noted in the electropherogram patterns of mosquitoes frozen
for 1-4 days. Therefore, some of the mosquitoes were frozen for a
maximum of four days before being subjected to electrophoretic analysis.

In the experimental design mosquitoes were of varying ages before
their esterase patterns were determined electrophoretically. Therefore,
it was necessary to determine the effect of age on esterase patterns.
Mosquitoes varying in age from 1 to 21 days from stocks homozygous
for the esterase genes showed no significant variations in the electro-
pherograms.

After grinding the samples were centrifuged at 27,000 x g at OOC
for 10 minutes to remove cell debris and layer the lipid component.

Twenty microliters of the clear supernant were carefully applied

with a micropipette into the gel slots. Care was taken to. minimize

the amount of cellular deb'ris and lipids included in the sample. Sample
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amounts of 10, 20, and 30 microlitersv were applied to eéch slot. It
was determined that 20 microliters of the extract gave the best resolu-
tion. |
Protein concentrations of the sample were estimated spectro photo-
metirically by the method of Layne (1955). Using this estimate approxi-

mately 0.026 mg. of protein were applied to each slot.

Electirophoretic Run

In the equilibrated gel the sampies were allowed to "settle" for
about 10 minutes before-initiating the electrophoretic run. It was
necessary to keep the voltage constant during the run to prevent dis-
tortion of the bandihg patterns. The voltage applied to the gel was
approximately 250 wvolts which resulted in a slightly fluctuating
amperage which did not exceed 100 ma. The duration of the run
depended on the gel concentration and the voltage appilied. Usually
the samples migrated 10 cm. toward the anode within 3-3 1/2 hours.
When 'the samples had migrated 10 cm. the current was turned off and

the gel removed.

Staining Procedure

It was essential that the hydrogen ion concentration of the gel
be lowered to approximately pH 6.5 before .coupling of the dye and
substrate could occur. A number of techniques were employed to lower

the pH of the gel to ensure maximum staining. Phosphate buffer (pH 6.5),
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monobasic sodium phosphate (pH around 4.5) and boric acid were each
used to rinse the gél in order to lower the pH. A five minute rinse in
boric acid at 4°C gave maximum staining. When the gels remained in
boric acid longer than five minutes the intensity of the staining was
decreased.

The gels were removed from the boric acid and rinsed in phosphate
buffer (pH 6.5) to remove any excess boric acid. The gels were then
preincubated in 200 ml. of phosphate buffer (pH 6.5) containing 4 ml.
of a 1% alpha napthyl acetate in acetone. The preincubation took place
at 400 for 45 minutes. If the preincubation step was eliminated the
staining was very light, whereas if the preincubation period was longer
than 45 minutes the bands appeared diffuse after staining.

The gels were incubated in 200 ml. of phosphate buffer (pH 6.5),
4 ml. of 1% alpha napthyl acetate in acetone, and 0.1 gram of Fast Blue
BB (4'-amino-2"',5' diethoxybenzamilide, diazonium salt) for two hours
at 25°C. Gels incubated at 37°C and at 5°C gave less satisfactory
results.

In the study of over 200 runs on acrylamide gels techniques were
developed which yielded reproducible patterns on the electropherogram

for each adult stock and for each stage of development investigated.

Characterization of Esterases

Other substrates te;;ted for the characterization of the esterases

were alpha napthyl butyrate, beta napthyl acetate, alpha napthyl
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-caprylate, alpha napthyl myristate, alpha napthyl propionate and alpha
napthyl laurate. These were quantitatively substituted for alpha napthyl
acetate in the staining solution. All subsirates were dissolved in
acetone (1% solution) and then rapidly blown from a 2 ml. volumetric
pipette into the buffer solution. Since a greater number of esterase-
active bands were demonstrated by alpha napthyl acetate, it was the
substrate used in all of the experiments reported in this study unless
otherwise stated. In comparing the reaction of the various substrates
with the esterases, a number of mosquitoes were homogenized, and 20
microliter samples were applied to each slot. After the run the gel
was cut into five equal sections and each section ;created with one of
the test substrates. Alpha napthyl acetate served as a control.

Additional stains tested included Fast Blue RR (4-benzoylamino-
2,5-dimethyloxyaniline diazonium salt), Fast Red TRN (p-chloro-o-
toluiline, diazonium salt), and Fast Blue B (0-Dianisidine, tetrazotized)
(Dajac Company). Fast Blue BB gave the most distinct, intense staining
patterns and was used throughout this study.

Inhibitoré utilized to characterize the esterases were paroxon
(diethyl p-nitrophenyl phosphate) 10_51\/1 (American Cyanamid Company),
eserine: 107°M (Sigma Company) and dylox (dimethyl 2,2,2-trichloro-
1-hydroxyethyl phosphonate) 107°M (Chemagro Chemical Corporation).
After electrophoresis the gel was cut into four sections each having

identical samples. Each of the three sections were preincubated in
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one of three test inhibitor-buffer solution for 30 minutes at 4°C. The
fourth section, a control, was preincubated for a similar time in buffer.
The gels were then transferred to the substrate-inhibitor solution for
- 30 minutes of preincubation and finally transferred to the substrate-dye

solution for staining (Salkeld, 1965).



RESULIS

Esterases in Developing Stages of Culex

.Esterase electropherograms were examined at several stages in
the development of Culex (Fig. 1). Slow-moving zones are not detect-
able in first instar larvae; however, the fast-moving zones of activity
correspond to those found in the 4th instar larvae. Many of the fast
moving zones seen in larvae are not detectable in the pupae and adult
stages (Plate 2).

The highest level of esterase activity appears in the 4th instar
larvae. Bands 3, 5, and 6 observed in the adult stage correspond to
zones of esterase activity in individual 4th instar larvae, however,
there are a number of zones of esterase activity in individual 4th instar
larvae that are absent from individual adults. Due to the wealth of
esterase activity in the larval stages, direct comparisons for most of
the bands are difficult.

‘There are no additional bands present in the pupae that are not
seen in the adult stage. However, in pupae, band 9 is a major zone

of activity, whereas, in the adult this area shows only slight activity.

Esterases in Adult Culex

Adult Culex quinquefasciatus from the isolated population used

in this study demonstrate a total of 13 zones of esterase activity. In
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Fig. 1.
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Schematic drawing showing the esterase isoenzyme pattern

in stages of development in Culex quinquefasciatus.

o = origin; solid lines = intense staining; dashed lines =

moderate staining; dotted lines = faintly staining.
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