
Louisiana State University Louisiana State University 

LSU Scholarly Repository LSU Scholarly Repository 

LSU Historical Dissertations and Theses Graduate School 

1970 

A Study of Esterases in Culex Quinquefasciatus. A Study of Esterases in Culex Quinquefasciatus. 

Phyllis Jane Garnett 
Louisiana State University and Agricultural & Mechanical College 

Follow this and additional works at: https://repository.lsu.edu/gradschool_disstheses 

Recommended Citation Recommended Citation 
Garnett, Phyllis Jane, "A Study of Esterases in Culex Quinquefasciatus." (1970). LSU Historical 
Dissertations and Theses. 1850. 
https://repository.lsu.edu/gradschool_disstheses/1850 

This Dissertation is brought to you for free and open access by the Graduate School at LSU Scholarly Repository. It 
has been accepted for inclusion in LSU Historical Dissertations and Theses by an authorized administrator of LSU 
Scholarly Repository. For more information, please contact gradetd@lsu.edu. 







4

have been s tu d ied .  Agrell and  Kjellberg (1965) s ta te d  th a t  30 enzym es 

have been shown to have m ultip le  m olecu lar fo rm s.

A number of in v e s t ig a t io n s  have dem onstra ted  th a t  not only are 

the  isoenzym e  pa tte rn s  sp e c ie s  sp e c if ic  but a ls o  t i s s u e  s p e c i f ic .  A 

m ajor work on the d is tr ib u t io n  of e s t e r a s e s  in  mouse t i s s u e  by M arkert 

and H unter (1959) dem onstra ted  th a t  e s te r a s e  a c t iv i ty  i s  a s s o c ia t e d  w ith  

pa rt icu la te  frac tio ns  in the  c e l l ,  e s p e c ia l ly  w ith  the m ic rosom es . They 

even  su g g e s te d  th a t  e s te ra s e  a c t iv i ty  in  the  non-m icrosom al f rac tions  

w as due largely  to  m icrosom al con tam ina tion . Furthermore, th ey  were 

ab le  to show th a t  enzym atic  a c t iv i ty  in c re a se d  in  an  orderly  fa sh io n  in 

develop ing  embryonic t i s s u e .  "E lectrophoretic  sep a ra tio n  of e s t e r a s e s  

from a v a rie ty  of t i s s u e s  a t  s u c c e s s iv e  s ta g e s  in  developm ent c lea r ly  

dem onstra tes  the add ition  of new e s t e r a s e s  during developm ent a s  w ell  

a s  consp icuou s  c h an g e s  in  the amount of in d iv id ua l  e s t e r a s e s "  (Markert 

and  H unter, 1959). H ow ever, th ey  found th a t  once m aturity  i s  rea ch e d  

th a t  no further s ig n if ic an t  chan ges  in  re la tiv e  e s te r a s e  a c t iv i ty  occur 

even  in  mice 16 m onths o ld .

By comparing e lectropherogram s made from various  t i s s u e s  from 

d iffe ren t  sp e c ie s  th e se  au thors  were ab le  to  show th a t  not only are  there  

c h a ra c te r is t ic  d iffe rences  in e s te r a s e  a c t iv i ty  betw een  sp e c ie s  but a ls o  

s tr ik ing  s im ila r i t ie s .  They were ab le  to dem onstra te  "in mouse e s t e r a s e s  

so  fa r  exam ined , those  occupying the same e lec tro pho re tic  p o s it io n  have 

show n the same su b s tra te  and inh ib ition  s p e c i f i c i t ie s .  This o b se rv a tion
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supports  th e  th e s is  th a t  e s t e r a s e s  w ith  the  same m obility , from w h a t­

e v e r  t is s u e  of the  m ouse , are  ind eed  the same m olecu lar s p e c ie s "

(M arkert and  H unter, 1959). In order to  make com parisons of e l e c ­

trophoretic  m obility  and re so lu tio n  of e s t e r a s e s  from d ifferen t t i s s u e s ,  

how ever, i t  is  im perative  th a t  the e lec tro p h o re t ic  cond itions be p re ­

c is e ly  c o n tro l led .

M olecu lar  B asis of Isoenzym es

According to  the p resen t  dogma the  deoxyribonucle ic  a c id  (DNA) 

co d e  is  tran sc r ib ed  in to  a r ibose  n u c le ic  ac id  (RNA) w hich  s p e c i f ie s  the 

seq u en ce  of amino acids in  a po lypeptide  (Spiegelman, 1960). Once the  

primary po lypeptide cha in  is  formed i t  i s  su b je c t  to various m odifica­

t io n s .  D isu lf id e -b r id g in g ,  hydrogen-bonding  and various o ther  ty p es  of 

in tram olecu lar  a s  w e ll  a s  in te rm o lecu lar  rea c t io n s  betw een polypeptide 

cha in s  r e s u l t  in  folding of the m olecule  to  produce the se co n d a ry ,  te r t ia ry , 

and  higher order three  d im ensiona l s truc tu re  (M arkert, 1968).

At one time i t  w as su g g e s te d  th a t  polymorphic forms of p ro teins  

may be due to m is tak es  in  the pro tein  forming m echanism  resu ltin g  in  

s l igh t  s tru c tu ra l  d iffe rences  in  the  pro tein  product (Colvin, e t  a l .  1954). 

H ow ever, M arkert (1968) v iew s th is  a s  improbable and  su g g e s ts  an  

a l te rn a t iv e  e x p lan a t io n , i . e . ,  once the  primary s truc tu re  i s  formed, 

v a r ia t io n s  in the  te r t ia ry  s truc tu re  r e s u l t  in  m olecu les  having d ifferent 

n e t  charges  and  therefore  d ifferen t e lec trop ho re tic  m obility . However,
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s tu d ie s  by Cook and Koshland (1969) su g g e s t  th a t  the  folding p ro cess  

occu rs  e i th e r  during t ra n s la t io n  by the  ribosom e or im m edia te ly  th e re ­

a f te r .  This would in d ica te  th a t  the f in a l  th ree -d im en s io n a l  s truc tu re  

i s  formed very  rap id ly  a f te r  the form ation of the  polypeptide c h a in .

These au tho rs  s u g g e s t ,  th e re fo re ,  th a t  in tram olecu lar  folding i s  a  very

p rec ise  p ro cess  w hich  p revents  inco rrec t  ag g rega tion  of unfolded c h a i n s .

In  v itro  trea tm en t of e s t e r a s e s  of m aize  w ith  various chem ica ls  

(Schw artz , 1967) produced ch anges  in  the  e lec tro p h o re tic  m obility of 

c e r ta in  e s t e r a s e s .  Schw artz (1967) conc luded  th a t  th e s e  e lec troph o re tic  

d if fe ren ces  in  the  iso en zy m es  r e s u l t  from va riab le  m asking of charges  on 

the  po lypeptide  produced by conform ational chang es  of the  p ro te in . M ore­

o v e r ,  he in d ic a te s  th a t  the  iso en zy m es  have the  same primary s truc tu re  

and  th a t  the  conform ation of the  p ro tein  i s  sp e c if ic  or in f luenced  by 

som ething o ther  th an  the  amino a c id  sequence  of the  po lyp ep tide .

Schw arts  s u g g e s ts  th a t  in  add it io n  to  the  e x is te n c e  o f s tru c tu ra l  g e n e s ,  

conform ational a l l e l e s  may be re sp o n s ib le  for isoenzym e v a r ia n ts .

L ik e w ise , in  v ivo  s tu d ie s  on the e ffe c t  of in su l in  on mouse liver 

e s t e r a s e s  in d ic a te  s l ig h t  tem porary ch an g es  in  the m obility of s e v e ra l  

e s te r a s e  forms (Ogita and  O g ita ,  1965). T hus, the po lypeptide may 

con juga te  w ith  sm a ll  m o lecu les  to  produce s l ig h t  m odifica tions in 

e lec tro p h o re t ic  m ob ili ty .

I t  is  true  th a t  va rious  fac to rs  in f luence  the  e lec tro p h o re tic  m obility  

of isoenzym es, how ever, to  conclude  th a t  environm ental fac to rs  w hich  

a l t e r  the  s truc tu re  a re  re sp o n s ib le  for the  formation of isoenzym es must
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be v iew ed w ith  co n s id e rab le  sk e p t ic is m . Such co n c lu s io n s  are  not in 

acco rd  w ith  ev idence  w here  ad eq u a te  g e n e t ic  and  b io chem ica l param eters 

a re  e s ta b l is h e d .

D ifferences in  e le c tro p h o re t ic  m obility  of th e  many g e n e tic  v a r ia n ts  

of human hem oglobin have been  show n to  be the re su l t  of su b s t i tu t io n s  of 

s in g le  amino a c id s  in  the  po lypeptide  c h a in s .  "The a l te re d  e lec tro p h o re ­

t ic  m obility  re f le c ts  a  change  in  the  n e t  charge of the protein  m olecule  

w hich  occurs  w hen the  amino a c id  c a rr ie s  a  charge d ifferen t from th a t  of 

the  one i t  r e p la c e s "  (Ingram, 1957). M oreover, the  polymorphism of 

human serum hap tog lob in  (Sm ithies e t  a l . , 1962) results from d u p lica tio n s  

or d e le t io n s  of segm ents  in  the  primary s truc tu re  w hich a l t e r  the  ne t  

charge  of the  m o lecu le .  These s tu d ie s  a re  rep re se n ta t iv e  of the e x te n ­

s iv e  g e n e tic  ev idence  for the  ch an g es  in  e lec tro p h o re tic  m obility brought 

about by chan ges  in  the primary s truc tu re  of the m olecu le .

Recent in v e s t ig a t io n s  of the  g e n e t ic s  of enzym e sy s tem s in  various 

organism s in d ica te  th a t  d if fe ren c e s  in  m obility  of iso en zy m es  are  under 

g e n e t ic  contro l ra th e r  th an  con tro lled  by th e  c e l lu la r  env ironm ent. 

A ugustinsson  (1961) s u g g e s ts  th a t  c e r ta in  am in o -ac id  se q u en c es  are 

required  for enzym atic  a c t iv i ty ,  how ever, the  se q u en c e  of the  many o ther 

amino a c id s  in  the  enzym e m olecule  may vary  w ithout a lter ing  the  sp e c if ic  

a c t iv i ty  of the enzym e.
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P h y s io lo g ica l  S ign if icance  of Isoenzym es

M arkert (1968) e m p h a s ize s  the  ev id en ce  for t i s s u e  sp ec if ic  i s o ­

enzym es to  in d ic a te  th a t  iso en zy m es  do have b io lo g ica l  s ig n if ican ce  

and  are not ju s t  b iochem ica l  c u r io s i t i e s .  He h a s  dem onstra ted  th a t  the  

five  p rinc ipal forms of the la c t ic  dehydrogenase  iso en zy m es re s u l t  from 

the  te tram e te r ic  a s s o c ia t io n  of two d is t in c t  po lypeptide  su b u n i ts ,  A and

B. The tw o g e n es  re sp o n s ib le  for the A and  B subun its  ap p ea r  to be 

a c t iv e  in  n ear ly  a l l  c e l ls  of the mammals and birds ex am in ed , but to  

w id e ly  vary ing  d e g re e s .  Furthermore, the  s e n s i t iv i ty  of the two su b ­

u n its  to e i th e r  la c ta te  or pyruvate  ap p ea rs  to  determ ine the  proportional 

occu rrence  of A and B su bun its  in  various t i s s u e s .  Enzymes in  which 

su bu n its  A a re  predom inant are  found in  s k e le ta l  m usc le  where high 

co n cen tra t io n s  of la c ta te  a re  p re s e n t ,  w h e re a s ,  enzym es com posed 

m ainly of su bun its  B are found in  heart  and  brain  t i s s u e ,  which conta in  

sm a ll  am ounts of la c ta te  .

M arkert (1968) a l s o  in d ic a te s  th a t  not only a re  isoenzym es t i s s u e  

s p e c i f i c ,  but th a t  the  function  of the  enzyme is  re la te d  to  the loca tion  

of the  enzym e w ith in  the  c e l l .  He su g g e s ts  th a t  the charge  of the m ole­

cu le  which in f lu e n ce s  i t s  e le c tro p h o re t ic  m obility i s  re la te d  to  the  func ­

t io n  of the  isoenzym e w ith in  the  c e l l .  Charged m olecu les  w ith in  a  c e l l  

a ssu m e  p o s i t io n s  w ith  re fe rence  to  o ther  charged  m olecu les  th a t  are 

p re s e n t .  A gostoni e t  a l .  (1966) su g g e s t  th a t  charge p lays an  im portant 

ro le  in  the  p re fe ren tia l  lo ca tio n  of LDH-1 on m itochondria . L ikew ise ,
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the  cy to chem ica l  in v e s tig a t io n  by J. M . Allen (1961) re v e a ls  th a t  

c e r ta in  isoenzym es of LDH are  d is tr ib u ted  in  ce r ta in  lo ca tio n s  w ith in  

th e  c e l l  and  th a t  they  differ som ewhat in  enzym atic  sp e c i f ic i ty .  M ore­

over, Thorne (1960) a f te r  d iffe ren tia l  cen tr ifuga tion  of ra t  l ive r  lo c a l iz e d  

one of the  two p rinc ipa l isoenzym es of m alate  dehydrogenase  in  the  

m itochondria  and the o ther in  the  su pernan t cy top lasm . "This d is t r ib u ­

tion  of e ac h  isoenzym e to  c h a ra c te r is t ic  p o s it io n s  w ith in  the  c e l l  would 

enab le  them to  perform d is t in c t iv e  m etabolic  ro le s  even  though th e ir  

enzym atic  p roperties  were very  s im i la r” (M arkert and  A pella , 1961).

"The isozym ic  forms of an  e n zy m e , though ca ta ly z in g  the sam e 

re a c t io n ,  do g en e ra l ly  have  d is t in c t  c a ta ly t ic  p roperties  which p re ­

sum ably e n a b le s  each  of them to  function  in acco rd  w ith  ph y s io lo g ica l  

requ irem ents  e i th e r  a t  d ifferen t s i t e s  w ith in  a c e l l  or in  d is t in c t  m etabo lic  

se q u e n c e s "  (Stadtm an, 1968). Jus t  w hat each  isoenzym e does  th a t  d i s ­

t in g u ish e s  i t  from the  o thers  in  a s e r ie s  is  s t i l l  a m ystery , but th e ir  

abundance  in  nature  would su g g e s t  th a t  they  offer s e le c t iv e  ad v an tag e s  

to  the  o rgan ism .

G enetics  of Isoenzym es

A review  of the  l ite ra tu re  re v e a ls  no ad eq ua te  g en e t ic  c la s s i f ic a t io n  

for isoenzym e s y s te m s .  The following genera l  g en e t ic  c la s s i f i c a t io n  of 

iso en zy m es developed  by th is  au thor su rveys the  reported  g e n e tic  sy s tem s  

of iso e n z y m e s .
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1. C o-dom lnant a l l e l e s . Two e s te r a s e  isoen zy m es  (or groups 

of isoenzym es)  under the  con tro l of a l l e l e s  a t  a  s in g le  locus  have been 

dem onstra ted  in  Tetrahymena pyriformis (Allen, 1961),P ro so p h ila  

m e lan o g as te r  (W right. 1963) (Beckman and Johnson , 1964), D . s im ulans 

(Wright and  M acIn ty re , 1963), and  Aedes aegyp ti  (Trebatoski and C raig , 

1969). The a l l e l e s  a re  c o -d o m in an t ,  and  no hybrid m olecule  i s  found 

in  h e te r o z y g o te s .

2 .  In te rac tin g  co -d om in an t a l l e l e s . Some m olecu lar forms a r is e  

under the  jo in t  a c t io n  of a l l e l e s .  H e te ro zy go tes  show a hybrid enzyme 

in  ad d it io n  to  both p a ren ta l  forms of the enzym e. Examples of such  c o ­

dom inant a l l e l e s  are  found in e s t e r a s e s  of m aize (Schw artz , 1960) and 

in  e s t e r a s e s  of C ulex  p ip iens  fa t ig a n s  (Simon, 1969). T hese  au thors  

su g g e s t  th a t  the hybrid form r e s u l ts  from the recom bina tion  of two dimer 

s u b u n i t s .

3 .  C o-dom inant g e n e s . F in a lly ,  some m olecu lar forms of enzym es 

r e s u l t  from the  in depend en t a c t io n  of n o n a lle le s  such  a s  in  E - l  and E-2 

e s t e r a s e s  in  T. pyriformis (Allen, 1961). The re la t io n sh ip  of th e se  

enzym es would be c la s s e d  a s  a  fam ily of enzym es ra th e r  than  iso e n z y m e s .

4 .  In te rac t in g  co -dom inan t g e n e s .  Some isoenzym es a r is e  under 

th e  jo in t  in f luence  of n o n a lle le s  su ch  a s  the hybrid la c ta te  dehydro­

g e n a s e s  (Apella and  M arkert ,  1961). They dem onstra ted  th a t  two LDH 

dim ers under the  con tro l of two g e n es  combined randomly to  produce five 

m olecu lar  forms of LDH. A nalysis  of the  amino a c id  com position  of the
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tw o dimers and  the  five te tram ers  dem onstra ted  th a t  the  d im ers w ere  

encoded  by se p a ra te  g e n e s .  Cook and Koshland (1969) have  shown 

th a t  in te r - su b u n i t  binding s i te s  of va rious  enzym es includ ing  LDH are 

h igh ly  s p e c i f i c .  Furthermore, th ey  dem onstra ted  th a t  in co rrec t  a s s o c i a ­

t io n  of su bu n its  even  in m ixtures of enzym es from d ifferent sp e c ie s  did 

no t occu r .  R ather, the  ac t iv e  binding s i t e s  a re  h ighly  s p e c i f ic .

G enetic  a n a ly s is  of the  isoenzym e sys tem s in D rosophila  g ives  

c o n c lu s iv e  ev idence  th a t  the isoenzym e forms re su l t  from m uta tions in 

th e  g en e tic  c o d e .  A lle les  of isoenzym es in  D rosophila  w hich have been 

mapped in c lu d e ,  a lk a lin e  p h o sp h a tase  d e f ic ie n t  (Aph°) a t  a  lo cu s  o f  4 6 .3  

u n its  on the  th ird  chrom osom e, leu c in e  am inopep tidase  D -F a s t  (Lap-D^) 

and Lap-A°. Lap-D ^ i s  lo ca ted  on the th ird  chromosome a t  9 8 .3  u n i ts ,  

w hereas  Lap A° is  lo ca ted  near  L ap -D ^ , but no recom bination  has ye t  

been  observed  (Lindsley and G re ll ,  1967).

A lle les  of se v e ra l  e s te r a s e  iso en zy m es in D rosophila  have been 

lo ca te d  on the third chrom osom e. W right (1963) d e sc r ib e d  E ste rase  

6 - F a s t  (E s t - 6^) a t  a  locus of 3 6 .8  u n i ts .  The loca tion  of E s te rase  

C -F a s t  w as  d e sc r ib e d  by Beckman and Johnson (1964) a t  a locus of 49 

un its  by m eans of 2 /68  c ro sso v e rs  w ith  Aph and 9 /43  c ro sso vers  with 

E s t - 6 .

E s te ra se  Isoenzym es

M ultip le  m olecu lar forms of e s t e r a s e s  have  been dem onstra ted  in  

a  v a rie ty  of o rgan ism s (Shaw, 1965). H ow ever, due to the n o n -sp e c if ic
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su b s tra te  sp e c i f ic i ty  of e s t e r a s e s ,  c au t io n  m ust be tak en  in  d esc r ib in g  

th e  fam ily  of e s t e r a s e s  a s  iso e n z y m e s .  In th is  work e s t e r a s e s  are 

c la s s i f i e d  acco rd ing  to  the  method of M ounter and W hittaker  (1953), 

in  w hich  c h o l in e s te ra s e s  a re  in h ib i ted  by both e se r in e  and paroxon, 

a l i e s t e r a s e s  by paroxon but not by e se r in e  and arom atic  e s t e r a s e s  by 

n e i th e r .  (A lie s te rases  hydrolyze e s te r s  of N -free  a lc o h o ls  and p h en o ls ,  

and  c h o l in e s te ra s e s  a t ta c k  a lm o s t  any cho line  e s t e r  includ ing  a c e ty l ­

c h o l in e .)  This sy s te m  of c la s s i f i c a t io n  is  no t d e f in i t iv e ,  but i t  a llow s 

for some m eans of sep a ra t in g  the e s t e r a s e s .  U sing  th is  method of 

c l a s s i f i c a t i o n  the  e s t e r a s e s  are  d iv ided  in to  a s e r ie s  of isoenzym e 

s y s te m s .  That i s ,  any  one s t ra in  of m osqu itoes  could have a c h o lin -  

e s te r a s e  isoenzym e s e r i e s ,  an  a l i e s te r a s e  isoenzym e se r ie s  and an  

a rom atic  isoenzym e se r ie s  .

Severa l g e n e t ic  s tu d ie s  have  been  made of e s te r a s e  isoenzym es 

in  i n s e c t s .  Laufer (1961) in c lu d es  a s tud y  of e s t e r a s e s  in  silkm oths in  

a  su rvey  of enzym e s y s te m s . There a re  se v e ra l  repo rts  on the g e n e t ic s  

of e s t e r a s e s  in  D rosoph ila  (Beckman and  Johnson , 1964; W righ t, 1963; 

W right e t  a l . , 1963; Johnson e t  a l . , 1968). Reports on the  g e n e t ic s  of 

e s t e r a s e s  in  Mu s e a  inc lude  Velthius e t  a l .  (1963), Ogita (1962), and 

M enze l  e t  a l .  (1963).

R ecently  p ub lished  reports  of e s te r a s e  isoenzym es in  m osquitoes 

a p p e a re d .  Freyvogel e t  a l .  (1968) d e sc r ib e  e s te r a s e  zymograms fo r  14 

s p e c ie s  and  s t r a in s  of m osqu itoes in  the fam ily C u lic id ae .  They show ed
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th a t  the  e s te r a s e  p a tte rn s  were sp e c ie s  and s tra in  s p e c i f ic .  T rebatoski 

and H ayes  (1969) su rveyed  enzym es in  12 sp e c ie s  of m osquitoes and 

found s p e c ie s - s p e c i f i c  e s te r a s e  p a tte rn s  for a l l  12 s p e c ie s ,  a s  w e ll  a s  

in te r sp e c i f ic  r e la t io n s h ip s .  Simon (1969) reported  an  e lec trophore tic  

a n a ly s i s  of e s t e r a s e s  in  the  developm ent of Culex p ip iens  fa t ig ans  

W iedem ann . This s p e c ie s  w as f i r s t  d e sc r ib e d  by Say in 1823 and 

named C ulex  q u in q u e fa s c ia tu s .. He d e sc r ib e d  an  in c re a se  in  e s te ra s e  

a c t iv i ty  in  la rva l  deve lopm ent, and fem ales  and  m ales could be d iffer­

e n t ia te d  by four w eak  zo n es  of a c t iv i ty .  He p resen ted  g e n e t ic  ev idence  

show ing th a t  the  polymorphism found i s  con tro lled  by a  pair  of au to som al,  

in te rac t in g  co -do m inan t a l l e l e s . Hom ozygotes were ch a rac te r ized  by 

e i th e r  a slow-moving or fast-m oving b and , w hereas  h e te rozyg o tes  had 

both pa ren ta l  bands and  an  ad d it io n a l  in te rm edia te  band . It w as  su g ­

g e s te d  th a t  the  e s te r a s e  v a r ia n ts  in  th is  c a s e  e x is t  a s  d im ers .

C la s s i f ic a t io n  of M osqu itoes

Wild popu la tions of Culex q u in q u e fa sc ia tu s  Say (Plate 1) were 

ch o sen  for a  g e n e t ic  s tudy  o f  e s te r a s e  i s o e n z y m e s . This sp e c ie s  is  

commonly referred  to  a s  the  sou thern  house  m osquito  and is  found in 

abundance  in  a l l  southern  s t a t e s .  For th is  s tudy  Culex larvae were 

c o l le c te d  in  Baton Rouge, L ouisiana  and c la s s i f ie d  a s  C . qu in q u efa s­

c ia tu s  a ccording  to  Ross (1947).
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C la s s :  I n s e c ta  
Order: D iptera

Family: C u lic idae
Subfamily: C u lic inae  

G enus: C ulex
S p e c ie s :  q u in q u e fa sc ia tu s

In some l i te ra tu re ,  C ulex  q u in q u e fa sc ia tu s  has been  recorded  

under the  su b sp e c if ic  nam e, C ulex  p ip iens fa t ig an s  and  som etim es a s  

C ulex  f a t i q a n s . C ulex  q u in q u e fa sc ia tu s  w as f i r s t  d e sc r ib e d  in  1823, 

w h e reas  C_. fa t iq an s  w as  d e sc r ib e d  in  1828.

Purpose of the  Study

The purposes  of th is  study  were to  in v e s t ig a te  by m eans of gel 

e le c tro p h o re s is  the  e s te r a s e  sy s tem s  of C ulex  q u in q u e fa sc ia tu s ; to 

determ ine the  g e n e t ic  nature  of the  e s te r a s e  isoenzym es;  and to  

c h a rac te r ize  the  e s t e r a s e s  by th e ir  re a c t io n  w ith  various su b s tra te s  

and in h ib i to r s .



MATERIALS AND METHODS

M ater ia ls

The an im al chosen  for s tudy  w as Culex q u in q u e fa s c ia tu s . C ulex  

larvae  w ere  c o llec ted  in  the  v ic in i ty  of Baton Rouge, L o u is ian a , brought 

in to  the laboratory and  c la s s i f ie d  a s  Culex q u in q u e fa s c ia tu s . Some 

s to c k s  of C ulex  referred to  in  th is  study  were o rig ina lly  c o l le c te d  in  

P a r is ,  France and Hamburg, Germany and were ob ta ined  from Dr. A. 

Ralph Barr, U nivers ity  of C a lifo rn ia , Los A n ge les .  F irs t  in s ta r  la rvae  

h a tch ed  from s in g le  egg m a s s e s  were rea red  to  adu lthood  in quart milk 

b o t t le s .  The la rva l food w as a 1:1 mixture of w heat germ and K ellogg 's 

C o n cen tra te .  After em ergence the  ad u lts  were removed and p laced  in 

c a g e s  made from round, h a lf  ga llon  ice  cream c a r to n s .  A very fine ne t 

s le e v e  covered  the  cag es  to re ta in  the ad u lts  and to  p reven t any  co n ­

tam ination  with m osqu itoes th a t  might have been  in the  room. The 

ne tting  perm itted  conven ien t a c c e s s  for rem oval of eggs  and ad u lts  

from the c a g e s .  Cotton so ak ed  in  honey which se rved  a s  food for the 

a d u lts  and a d is h  o f  w a te r  were p laced  in  each  c a g e .

After a minimum of five days  to ensure  in sem in a tio n ,  a p igeon w as 

p laced  in  the  cage a s  a  b lood m eal source  for the  fe m a le s .  The pigeon 

w as  re s t ra in e d  in  a  sm all box w ith both fe e t  and w ings t ied  to  prevent 

e x c e s s iv e  movement. The im m obilized bird w ith  fea th e rs  removed from

15
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th e  pec to ra l a re a  w as  p laced  b re a s t  up in  the  cage and he ld  overnight 

w ith  the  room darkened  to  fa c i l i t a te  blood f e e d in g . All s to c k s  were 

found to  be a n a u to g e n o u s , th a t  i s ,  a  b lood meal w as  n e c e s s a ry  to  

in i t ia te  ovarian  developm ent.

Egg ra f ts  were d e p o s i te d  in  the  w a te r  d ish e s  four to  five days a f te r  

a  blood m ea l.  Each egg ra f t  w as  rem oved and p laced  in  a se p a ra te  sh e l l  

v i a l  for h a tc h in g .  The eggs h a tch ed  24-32 hours a f te r  d e p o s i t io n .  A 

sm all  amount of food w as then  added  to  e a c h  v ia l .  One day  old larvae  

w ere  p laced  in  qu art  milk b o tt le s  con ta in ing  about one inch  of w a ter .

Each day sm a ll  am ounts of food were added  and the  w a te r  le v e l  ra ised  

one to  two in c h e s  u n ti l  pupation  occurred  which w as  from 10-15 d a y s .

To e s t a b l i s h  s to c k s  hom ozygous for e s te r a s e  g e n e s ,  a l l  the ad u lts  

from s in g le  egg ra f ts  were con tin uou sly  inbred  for a t  l e a s t  fourteen  

g e n e ra t io n s .  The g e n e tic  c o n s t i tu t io n  of e a c h  s to c k  w as  t e s te d  period i­

c a l ly  to  s e l e c t  for and  to  m ain ta in  g e n e s  hom ozygous for the e s t e r a s e s .

To en su re  the  c o llec t io n  of v i rg in s ,  s ing le  pupa were i s o la te d  in 

sm all sh e l l  v i a l s .  After em ergence  the  a d u lts  s e le c te d  for g en e t ic  

c ro s s e s  w ere  p laced  in  pint co n ta in e rs  for b reed ing . W hen working w ith 

s to c k s  hom ozygous for e s te r a s e  g e n e s ,  s e v e ra l  m ales  from one stock  

an d  virgin  fem ales  from ano th e r  s tock  were p laced  to g e th er  for b reed ing . 

H ow ever, w hen dea ling  w ith  h e te rogenous s to c k s ,  s ing le  pa ir  m atings 

were made in  p in t c o n ta in e rs .  In both c a s e s  a fte r  egg lay ing  the  e s te ra s e  

p a tte rn s  of the paren ts  were determ ined  or verif ied  e le c t ro p h o re t ic a l ly .
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 All m o sq u i to e s  were rea red  in  a tem pera tu re ,  hum idity and light

con tro lled  room. The tem pera tu re  and re la t iv e  humidity were m ain­

ta in ed  a t  7 8 -80°F  and 70-80  per c e n t ,  r e s p e c t iv e ly .  By m eans of 

f lu o rescen t  l igh ts  the  room w as ligh ted  from 7:00 a .m .  u n til  10:00 p .m . 

each  day; from 10:00 p .m .  u n ti l  7:00 a .m .  the  room w as  in  to ta l  da rk ­

n e s s  .

M ethods

The v e r t ic a l  g e l  a p p a ra tu s  w as from E. C . Company model No.

470 . The procedure for a sse m b ly  follow ed th e  s te p s  ou tlined  in  the

E. C .  M anual (T echnical Bulletin  128).

Buffer System

S evera l con tinuous a s  w e l l  a s  d isco n tin u o u s  buffer sys tem s were 

t e s te d  to  determ ine w hich  gave  maximum reso lu tio n  of the  e s te r a s e  

banding p a t te rn s .  Among the d isco n tin u o u s  sy s tem s te s te d  were:

1. Running buffer  T r is /H C l (pH 8 .9)
Tank buffer  T r is /G ly c in e  (pH 8 .3 )

2 .  Running buffer  T r is /C i t r ic  Acid (pH 8 . 6 )
Tank buffer  Boric Acid/Sodium  hydroxide (pH 8 . 6)

3 .  Running buffer  T r is /C i t r ic  Acid (pH 8 . 6)
Tank buffer  Boric ac id /S od ium  hydroxide (pH 8 . 6)

In the  th ird  d isc o n tin u o u s  sy s tem  a prerun for one and  o n e -h a lf  hours 

w ith  the running buffer p receded  th e  a c tu a l  run w ith  the  tan k  buffer.

In reso lv in g  the  e s t e r a s e  pa tte rn s  the  above buffer sys tem s gave 

r e s u l ts  in ferio r to  th e  con tinuous buffer sys tem  s e le c te d  for th is  s tu d y .
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The con tinuous buffer sy s tem  using  T ris /B ora te  (pH 8 .9) gave the 

m ost d i s t in c t  and  w e ll  s ta in e d  e s te r a s e  p a t te rn s .  Severa l m odifica tions 

in  th is  sy s te m  were t e s t e d ,  and i t  w as  found th a t  the  add it ion  of N a2 EDTA 

(E thy len e -d in itr i lo  t e t r a a c e t ic  a c id  disodium  sa lt)  and calc ium  lac ta te  

in c re a s e d  the  s ta in in g  in te n s i ty  and the re so lu tio n  of the  e s t e r a s e s  

(M cCom bs, 1969). The buffer u sed  in  both the ge l  and the  tank  w as a s  

fo llow s:

The pH w as  found to  be very  c r i t ic a l  for the re so lu tio n  of the 

e s t e r a s e s .  I t  w as  found th a t  tem pera tu re ,  e le c t ro ly s is  during the  run, 

and s to rage  a l te re d  th e  pH. Therefore , a l l  buffers were made and 

re u se d  s e v e ra l  t im es a f te r  the  pH w as s ta b i l iz e d .

P repara tion  of Acrylamide Gel

The m ost s a t is fa c to ry  acry lam ide g e l  concen tra tion  w as found to  

be 5% (Cyanogum 41 , F isher  Com pany). Lower co ncen tra tio ns  gave 

w eak  g e ls  w hich  were d iff icu lt  to  hand le  and h igher co n cen tra tio ns  

h indered  the  m igration of the  e s t e r a s e s  through the g e l .  E leven grams 

of Cyanogum 41 were added  to  220 m ill i l i te rs  of t r is -b o ra te  buffer and 

the  so lu t io n  f i l te re d .  In  order to  give uniform g e la t io n ,  0 .22  m l. of 

TMED (N jN ^N 'N '- te tram ethy lened iam in e)  and 0 .2  grams of ammonium 

pe rsu lfa te  w ere  a d d ed , and  the  mixture w as im m ediate ly  poured in to  the

Tris (Hydroxymethyl aminom ethane) 0 .1  M 
1 .5  mM 
0 .384  gm /1

Na2EDTA 
Calc ium  la c ta te
Boric a c i d  T rita te  to  pH 8 .9
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e le c tro p h o re t ic  a p p a ra tu s .  The s lo t  former w as w ashed  w ith  d is t i l le d  

w a te r  and im m edia te ly  p laced  in  p o s i t io n .  G ela tion  occurred  w ith in  

10-30 m inutes  w ith  the  cooling sy s tem  in ope ra tion .

After g e la t io n  the ap p ara tu s  w as p laced  in  a v e r t ic a l  p o s it io n , 

the  tan k  buffer w as  a d d ed , and the  e x c e s s  g e l  and  s lo t  former were 

rem oved. A prerun of 1 -1 /2  hours p receded  each  run w ith  the  con d i­

t io n s  of the  prerun and the run being  the  sam e , i . e . , the buffer w as 

c irc u la te d  be tw een  the upper and  lower t a n k s ,  and 0°C w a te r  w as c i r ­

c u la te d  through the  cooling cham ber. The power supply  de livered  

approx im ate ly  2 0 0  v o l ts  a t  100  m illiam ps during both the prerun and 

the  a c tu a l  run . "During the  prerun there  i s  e s ta b l is h e d  a s te a d y  s ta te  

flux  of buffer ions through the ge l  th a t  rem ains su b s ta n t ia l ly  una lte red  

throughout the  dura tion  of the  experim ent"  (Raymond, 1964).

P repara tion  of Sam ples

A m inature mortar and p e s t le  w ere  made by using  a 4 mm. d iam eter 

g la s s  rod to  grind 1/2  m il l i l i te r  cen trifuge  tu b es  a t  the  t ip .  Fresh , 

s in g le ,  whole m osqu ito es  were hom ogenized in  the 1 / 2  m l. grinding 

tu b es  a t  0°C in  40 m icro lite rs  of phosphate  buffer (pH 6 .5) conta in ing  

10% su c ro se  and  bromo phenol b lue a s  an  in d ic a to r .  The sucrose  w as 

u se d  to  give d e n s i ty  to  the  s a m p le s ,  th u s  a llow ing  them to " se t t le "  in to  

the  s lo ts  o f the  g e l .  Variations in  th e  preparation  of sam ples  were 

t e s t e d ,  but none of the  following procedures improved the  reso lu tion  

of the  e s te ra s e  p a t t e r n s .



1. . After grinding sam ples  were frozen  for
se v e ra l  m inu tes .

2 . S in g le  m osquitoes were ground w ith a sm all  
p e s t le  on f i l te r  paper us ing  p h en y lth io u rea .

4 .  Sam ples were su b jec ted  to  so n i f ic a t io n .

5 .  Sam ples were ground in d is t i l le d  w a te r .

6 . Sam ples were ground in t r is  buffer (pH 8 .9 ) .

7 . Sam ples were ground in amounts of phosphate
buffer varying from 20 to  50 m ic ro li te rs .

Single l ive  m osqu itoes were u se d  in  m ost c a s e s ,  but no d iffer­

e n c e s  were no ted  in  the  e lectropherogram  patterns of m osquitoes frozen 

for 1-4 d a y s .  T herefore , some of the m osquitoes were frozen  for a 

maximum of four days before being su b jec ted  to e lec troph o re tic  a n a ly s i s .

In the experim en ta l des ig n  m osquitoes were of varying a g e s  before 

th e ir  e s te r a s e  p a tte rn s  were determ ined e le c t ro p h o re t ic a l ly . Therefore, 

i t  w as  n e c e s s a ry  to determ ine the  e ffe c t  of age on e s te r a s e  p a t te rn s .  

M osqu itoes  vary ing  in age from 1 to  21 days from s to ck s  homozygous 

for the e s te r a s e  g e n es  showed no s ig n if ican t  v a ria tio n s  in  the  e le c t ro -  

ph e rogram s.

o
After grinding the  sam ples were cen trifuged  a t  27 ,000  x g a t  0 C 

for 10 m inutes to remove c e l l  debris  and layer  the  lipid com ponent.

Twenty m icro lite rs  of the  c le a r  supernan t were carefu lly  app lied  

w ith  a m icrop ipette  in to  the gel s lo ts '.  Care w as tak e n  to. minimize 

the  amount of c e l lu la r  debris and lip ids  inc luded  in  the  s a m p le . Sample
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am ounts of 10, 20 , and 30 m ic ro lite rs  were ap p lied  to each  s lo t .  I t 

w a s  determ ined th a t  20  m icro lite rs  of the e x tra c t  gave the  b e s t  r e s o lu ­

t io n .

Protein  co n cen tra tio ns  of the sam ple w ere  e s t im a te d  sp ec tro  photo­

m etr ica lly  fcythe method of Layne (1955). U sing  th is  e s t im a te  ap p rox i­

m ate ly  0 . 0 2  6 mg. o f  p ro tein  were a p p lied  to  e a c h  s lo t .

E lectrophoretic  Run

In th e  eq u il ib ra ted  ge l the  sam ples  w ere  a llow ed  to  " s e t t l e "  for 

abou t 10 m inutes before in i t ia t in g  the  e le c tro p h o re t ic  run . I t  w as 

n e c e s s a ry  to  keep  the  vo ltage  c o n s ta n t  during the  run to prevent d i s ­

to r tio n  of the  banding p a t te rn s .  The v o ltage  a p p lied  to  the  g e l  w as  

approxim ately  250 v o lts  w hich  re s u l te d  in  a  s l ig h tly  f luc tua ting  

am perage w hich  did not e x ce ed  100 m a. The dura tion  of the  run 

depended  on the g e l  co n cen tra tio n  and  the  vo ltage  a p p l ie d .  U sually  

the  sam p les  m igrated 10 cm. toward the  anode  w ith in  3-3 1/2 h o u rs .

W hen the sam ples  had  m igrated  10 cm. the  current w as  tu rned  off and 

the  g e l  rem oved.

S ta in ing  Procedure

I t  w a s  e s s e n t ia l  th a t  the  hydrogen ion  co n cen tra tion  of the  ge l 

be lowered to approxim ate ly  pH 6 .5  before coupling  of the  dye and 

su b s tra te  could o ccu r .  A number of te c h n iq u e s  were em ployed to  lower 

the  pH of the  g e l  to ensu re  maximum s ta in in g .  Phosphate  buffer (pH 6 .5 ) ,
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m onobasic  sodium  phospha te  (pH around 4 .5 )  and  boric  ac id  w ere  each  

u se d  to  r in se  the  g e l  in  o rder to  lower the p H . A five minute r in se  in 

boric  a c id  a t  4°C  gave maximum s ta in in g .  W hen the  g e ls  rem ained  in 

boric  a c id  longer than  five m inutes the in te n s i ty  of the  s ta in in g  w as 

d e c re a s e d .

The g e ls  were removed from the boric ac id  and r in se d  in phosphate  

buffer (pH 6 .5 )  to  remove any  e x c e s s  boric  a c id .  The g e ls  were then  

p re incu ba ted  in  200 m l. of phosphate  buffer (pH 6 .5) con ta in ing  4 ml. 

of a 1% a lp ha  nap thy l a c e ta te  in  a c e to n e .  The p re incubation  took p lace  

a t  4°C  for 45 m in u te s . If the  p re incubation  s tep  w as e lim ina ted  the 

s ta in in g  w a s  very  l ig h t ,  w h e reas  if  the p re incubation  period w as  longer 

th an  45 m inutes th e  bands ap pea red  d iffuse  a f te r  s ta in in g .

The g e ls  w ere  in c u b a te d  in  200 m l. of phosphate  buffer (pH 6 .5 ) ,

4 m l. of 1% a lp h a  n ap thy l a c e ta te  in  a c e to n e ,  and 0 .1  gram of F as t  Blue 

BB (4 1- a m in o - 2 ' , 5 '  d ie th o x y b en z am ilid e , d iazonium  sa lt)  for two hours 

a t  2 5 °C . G els  in c u b a te d  a t  37°C  an d  a t  5°C  gave l e s s  s a t is fa c to ry  

r e s u l t s .

In th e  s tudy  of over 200 runs on acry lam ide g e ls  te c h n iq u e s  were 

d ev e loped  w hich  y ie ld ed  reproducib le  p a tte rn s  on the  e lectropherogram  

for e a c h  a d u lt  s to ck  and for e a c h  s tag e  of developm ent in v e s t ig a te d .

C h a rac te r iz a t io n  of E s te ra se s

O ther s u b s t r a te s  t e s te d  for the  c h a rac te r iza t io n  of the  e s t e r a s e s  

w ere a lpha  nap thy l b u ty ra te ,  be ta  nap thy l a c e ta te ,  a lpha  napthyl
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c a p ry la te ,  a lpha  nap thy l m y ris ta te ,  a lpha  nap thy l propionate  and  a lpha  

nap thy l la u ra te .  These w ere  q u a n ti ta t iv e ly  su b s t i tu te d  for a lpha  napthy l 

a c e ta te  in  the s ta in ing  so lu t io n .  All s u b s tra te s  were d is so lv e d  in 

ace to n e  (1% solu tion) and  then  rap id ly  blown from a 2 m l. volum etric  

p ip e tte  in to  the  buffer so lu t io n .  S ince a  g rea te r  number of e s t e r a s e -  

a c t iv e  bands w ere  dem onstra ted  by a lpha  nap thy l a c e ta t e ,  i t  w as  the 

su b s tra te  u se d  in  a l l  of the  experim ents  reported  in  th is  s tudy  u n le s s  

o th erw ise  s t a te d .  In com paring the  rea c t io n  of the va riou s  su b s tra te s  

w ith  the e s t e r a s e s ,  a  number of m osqu ito es  were hom ogenized, and 20  

m icro lite r  sam ples  were ap p lied  to  e ac h  s lo t .  After the  run the gel 

w as  cut in to  five equa l s e c t io n s  and  e a c h  se c t io n  t re a te d  w ith  one of 

the  t e s t  s u b s t r a t e s .  Alpha nap thy l a c e ta te  se rv ed  a s  a  con tro l.

A dditional s ta in s  t e s te d  in c lu ded  F a s t  Blue RR (4 -benzoy lam ino- 

2 , 5 -d im ethy loxyan iline  d iazonium  s a l t ) ,  F a s t  Red TRN (p -c h lo ro -o -  

to lu i l in e ,  d iazonium  s a l t ) ,  and  F a s t  Blue B (O -D ian is id ine , te trazo tized )  

(D ajac Com pany). F as t  Blue BB gave  the  m ost d i s t in c t ,  in te n se  s ta in ing  

p a tte rn s  and w as u sed  throughout th is  s tu d y .

Inh ib ito rs  u t i l iz e d  to  c h a rac te r ize  the  e s t e r a s e s  were paroxon 

(d ie thyl p -n itropheny l phosphate) 10- 5 M (American Cyanamid Company), 

eserine- 10_5M (Sigma Company) and  d y lo x  (dimethyl 2 , 2 , 2 - t r ic h lo ro -  

1-hydroxyethy l phosphonate) 10- 5 M (Chemagro C hem ical C orporation). 

After e le c tro p h o re s is  the g e l  w as  cu t  in to  four s e c t io n s  each  having 

id e n t ic a l  s a m p le s .  Each of the th ree  s e c t io n s  were p re incubated  in



24

one of th ree  t e s t  in h ib ito r-b u ffe r  so lu tion  for 30 m inutes a t  4 °C . The 

fourth s e c t io n ,  a  co n tro l ,  w as  p re incubated  for a sim ilar time in  buffer. 

The g e ls  w ere  th en  t ran s fe rred  to  the  su b s tra te - in h ib i to r  so lu tion  for 

30 m inutes  of p re incubation  and  f in a l ly  tran sfe rred  to  th e  su b s tra te -d y e  

so lu tio n  for s ta in in g  (Salkeld , 1965).



RESULTS

E s te ra se s  in  D eveloping S tages  of Culex

E s te ra se  e lec tropherogram s were exam ined a t  se v e ra l  s ta g e s  in  

the  developm ent of C ulex  (F ig . 1). Slow-moving zon es  are  not d e te c t ­

ab le  in  f i r s t  in s ta r  la rvae ; how ever, the  fast-m oving zon es  of a c t iv i ty  

co rrespond  to  th ose  found in  the  4th in s ta r  la rv a e .  Many of the  fa s t  

moving zo n es  seen  in  larvae  are not d e te c tab le  in  the  pupae and a d u lt  

s t a g e s  (Plate 2).

The h ig h e s t  le v e l  of e s te r a s e  a c t iv i ty  ap p ea rs  in  the  4th in s ta r  

la rv a e .  Bands 3 , 5, and  6 o bserved  in  the  ad u lt  s ta g e  correspond  to  

z o n es  of e s te r a s e  a c t iv i ty  in  ind iv idua l 4th in s ta r  la rv a e ,  how ever, 

the re  are a  number of zones  of e s te r a s e  a c t iv i ty  in ind iv idua l 4 th in s ta r  

la rvae  th a t  are  a b s e n t  from ind iv idua l a d u l t s . Due to  the  w ea lth  of 

e s te r a s e  a c t iv i ty  in  the  la rv a l  s t a g e s ,  d irec t  com parisons for m ost of 

th e  bands are  d if f ic u lt .

There are  no ad d it io n a l  bands p resen t  in  the  pupae th a t  a re  n o t  

s e e n  in  the  ad u lt  s t a g e .  H ow ever, in  pupae , band 9 is  a  major zone 

of a c t iv i ty ,  w h e re a s ,  in  the  a d u lt  th is  a rea  show s only s l ig h t  a c t iv i ty .

E s te ra se s  in Adult Culex

Adult Culex q u in q u e fa sc ia tu s  from the i s o la te d  population  u se d  

in  th is  s tudy  dem onstra te  a to ta l  of 13 zones  of e s te r a s e  a c t iv i ty .  In

25
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Fig. 1. Schem atic  drawing showing the  e s te r a s e  isoenzym e pattern  
in  s ta g e s  of developm ent in  C ulex  g u in q u e fa s c ia tu s . 
o = origin; so lid  l in e s  = in te n se  s ta in ing ; dashed  l in e s  = 
moderate s ta in ing ; do tted  l in e s  = fa in tly  s ta in in g .


