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1. In tm d u c tio n

P rote in  m ode lling  was practiced on a specific problem  vvith h igh  hea lth  
im pact: the acqu ired resistancv o f mosquitoes to insectic ides. It is know n th a t the 
target o f coramon or^anophosphatí* insecticides is esterase. One w ay rrs is ta n ce  is 

ohta ined is t lm n itfh  ostorase ovorexpression (1). Howcver. po int m u ta tio n s  have 
been noticed in  es te ras i1 A and B loci o f res is tan t culcx p ip ie n s . vvhich m ig h t p lav 
somo ro le in the  resistance (2).

2. M aterials and m ethods

Tho esterases from  various insectic ide res is tan t and in se c tir id e  sensih le culex 
p ip iens popu la tions vvrre s tu d ird  at the  In s t itu t des Sciences de 1 'K vo lu tion  (IS K M ), 

U n ive rs ite  des Sciences et Techniques du Languedoc (Prance). O vo ra ll, 28 p ro te ins  
have been sequcnced fo r 2 loci A and ỉ i  as shovvn belovv.

A loci
í> resistant and H sensiblt* esterases

B_loci
6 res is tan t and 8 sensible esterases

Resistant Sensible Resistant Sensihle
SA 1 prot S la b lp ro t B I S lab l
SA2prot Slab2prot B2 BrugeA
SA Iprot lỉrugeÀ B4 BrugeB
SAõprot R rugelỉ Bf> Trans
SA7prot Transprot B7 BSA l
SAHprot Crisse B8 Bleutìt

1 ỉeteren Heteren
Bleuet Slab2

1 1
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3.1.1. A lig n m e n t

The a lig n m e n t o f 28 Esterase vvas períbrm ed u s in g  C L U S T A L W  (H igg ins  I) et 
a l., 1994, N ucle ic  A c ids Res. 22:4673-4680, h ttp ://w w w .e b i.a c .u k /c lu s ta lw /) and 
analyzed us ing  B E L V U  (h ttp ://w w w .cg r.k i.se /cg r/g ro u p s /so n n h a m m e r/B e lvu .h tm l) 
and S E A V IE W  (h ttp :/ /p b il.u n iv - ly o n l. fr /s o ftw a re /s e a v ie w .h tm l).

Three  a lig n m e n t file s  in  FA S TA  fo rm a t were p repared

C oEs.íầsta fo r a ll Esterase; A _on ly .fasta  fo r A  loci and B _on ly .fas ta  fo r B_loci

3.1. 2. Selectỉon o f  one reference sequence fo r  3D  m o de lin g

The sequence o f S A S pro t (re s is ta n t) vvas selected because i t  is the closest to 
sensib le sequences (o n ly  3 d if fe re n t residues in  com parison vvith sensib le S la b lp ro t)

3.2. M o d e lin g  o f  S A 8 p ro t (A _ lo c i)

3. 2.1. Search fo r  a s tru c tu rc il tem pla te

The sequence S A 8 p ro t vvas subm itted  to the  In te rn e t servers B IO SER V 
(h ttp ://b io se rv .cb s .cn rs .fr/) and 3D-PSSM  (h ttp ://w w w .sb g .b io .ic .ac .uk/^3dpssm /) to 
find  the  best s tru c tu ra l te m p la te s  fo r m odeling.

The fo llo w in g  tem p la te s  were ob ta ined  for SABprot

3. R e su lts

3. 1. A l i f ín m e n t

Top 3D-PSSM 1: lm aa , 2: lq id . 3: leqh . 4: lđ x4 . 5: lk 4 y

Top PD B-BLAST 1: lm aa . 2: lm ah , 3: le2b. 4: lc2o, 5; lf8 u

Top T IT O  score 1: lm aa , 2: Iq id , 3: leqh . 4: k4y

3. 2.2. B u ild  in i t ia l  SASprot 3D  models

Each te m p la te  was used to b u ilt  3 models fo r  SABprot (M odeIle r4  th rough 
BI()SF]RV). The scores o f these models are as fo llow s:

P R O S A -II V E R IF Y -3 D

M o de ll Model2 Model3 Model 1 Model2 Model3

leqh - 0,503 • 0,412 - 0,352 0,350 0,348 0.340

1 maa ■ 0.377 - 0,232 - 0,328 0,316 0,331 0,369

Iq id - 0.482 - 0,500 ■ 0,438 0,363 0,331 0.370

lk 4 y ■ 0.420 • 0,300 - 0,392 0,263 0,310 0,310

http://www.ebi.ac.uk/clustalw/
http://www.cgr.ki.se/cgr/groups/sonnhammer/Belvu.html
http://pbil.univ-lyonl.fr/software/seaview.html
http://bioserv.cbs.cnrs.fr/
http://www.sbg.bio.ic.ac.uk/%5e3dpssm/


h ìv e s t ig a t io n  o f  t ỉ ìc  Ị ì t i S H Ì b i c  r c la t io t is h ip  betiveen .

Vrom nhovi* t i ih lrs . th r  h rs t t iio íli‘1 fo r lq e h  is M o đ c ll

fo r 1 man is M odi*l3 

fo r 1 q id  is M odcl 1 

fo r l k ‘1v is M odeltỉ

and among th e s r mocỉrls. M o d rl Ị (rom lq id  d isp líìys  th r  l)i\st scores. Is was named 
M odel l

3.2.3 Cvsteìnvs a n d  ( iis u lf id e  bridges

Cvsteines can make d isu lphick* b ridge  w ith  o th e r cyste ines and d isu lf id e  

briclges are present in a ll s r l iT t rd  s tru c tu ra l tem p la tes. A free cyste ine  is aỉso 
ohsi*rvi*d in  th(* lq id  trm phm *. I) is u lf id e  bridges and free cyste ines observed in  th t' 
fo u r tem pla tes and in  the re s u ltin g  models are sun im arize d  below:

1 maa tem plate 
lm aa model

;ỉ bridges (6 CYS) : 69 - 96. 257 - 272. 409 - 529 
7 freo ( YS 61. ‘296. 306. 328, 362. 436. 508 and 1 briđge 195 • 219

I i ịk I tem plate 
lqicl model

3 bridges 67 * 94, 254 • 265, 402 • 521 and 1 free CYS 231 
7 free CYS 61. 296. 306, 328. 362. 436, 508 and 1 bridge 195 - 219

1 k i V template 
1 k-ly model

2 hriclges 87 - 116 and 273 -  284
7 ừee CYS 61. 296, 306, 328. 362. 436, 508 and 1 bridge 195 - 219

IimịIì template 
li*(jh model

1 briđge 36 • 47. 41 * 57, 09 - 69 and 37 -  159 
7 free ỎYS 61. 296, 306, 328, 362, 436 508 and 1 bridge 1 9 5 -2 1 9

It can ỈH* observocl th a t (i) ( lisu líid e  bridges are no t fu lly  conscrved between 
tcm pla tes and, ( i i)  thí* num ber and position  o f bridges and free  cyste ines in  the 
models is id e n tirn l vvhatever the tcm p lrite  used.

Tho num be r o f free cyste ines in  the  m odels is la rge  in  com parison to the 
tcm plates. A t th is  tim <\ we havc no e xp lan a tion  fo r th is . I t  m ay happen th a t the 

protein is multimuric and that so me disulíide bridges are íormed between
monomers.

3. 2.4. A n a lys is  a n d  o p tim u a tio n  o f  in i t ia l  SASproí M o d e ll

We used In s ig h t l l  to vievv and ana lyze  M o d e ll,  in  com parison  w ith  the 
s tru c tu ra l tem p la ti* ( I • I>Ii ID: lq id )

VVe observed an unusua l loop con fo rm a tion  fo r residues ‘270 to 290 was found 
loop. The reason lo r th is  is a p p a re n tly  due to a too s tr ic t  a lig n m e n t. To get b e tte r 
coníbrm ations, WI* rr la x i-d  a lig n m en t "u iìa lig n in g "  few residues a t the C -te rm in a ỉ 
loop end as in d ic a trd  bí*low:
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M o d e ll L L N E N E  I E N R I L  L L N E N E  - - - I E N R I L
1QI D V L p  - • F  D s  I F  R V L p  - - - F  D s  • - - I  F R

Th is  changes in  file  m o d e ll.a li was save in to  new file : m odel2 .a li

F iles m odel2.a li and model2.top were used to bu ild  M ode l‘2 th rough a 
standalone version o f M odeller4 ru n n in g  on a local SGI w o rks ta tio n .

The .tw o models were sent to the  E v a l l2 3 D  s e rv e r  

(h ttp ://b io se rv .cb s .cn rs .fr/va lid .h tm l). The eva lua tion  scores provide deta iled 
in íb rm a tio n  fo r each residue and each íragm ent o f the model.

From  the E va lua tion  scores we can see th a t, genera lly  the s tru c tu re  o f model2 
is b e tte r than m o de ll, except fo r residues 414 * 434. In  th is  p a rt, eva lua tion  scores 

o f m ode ll are bette^r.

Th is  p a rt o f M odel2 was m odified according to M o d e ll. The changes in file  
m odel2 .a li were saved in to  a new file : m odel3.ali. F ile  m odel3 .a li and model3.top 
were usecỉ to b u ild  Model3.

Model4 was the obta ined from  M odel3 by m ođ iíy ing  íra g m e n t 62 - 73.

E va lua tion  scores o f 4 models and tem p la te  1QID are shown in  the tablo:

E va l23 D V e r ify  3D P rosa  I I E v T re e SFE

M o d e l 1 0,052 0,236 0,037 - 0,365 - 540,6

Model 2 0.051 0,219 0,008 - 0,405 - 529,5

Model 3 0,047 0,219 0,021 - 0,385 - 522,2

M o d e l 4 0,063 0,210 0,026 - 0,403 - 526,0

1QID 0,111 0,321 0,192 0,290 - 569,2

From the above tab le, vve note th a t Model 4 d isp lays a good Eval23D  score, 
but. th a t M o đe ll is the b e tte r according to a ll o ther scores.

We there ib re  selected M odel 1 as%our Model and m o d iỉied  i t  in  two regions, 
v\4iere Model4 has b e tte r scores (regions 7 1 - 7 8  and 85 - 95). The changes in  file  
m o d e ll.a li were saved in to  new file : m odelõ.ali. Piles m ode is .a li; m odelo.top were 

used to b u ild  M odel5

E v a l 23D V e r i fy  3D P rosa I I E v T re e SFE

Mođel 1 0.052 0.236 0,037 - 0,365 - 540,6

Model 4 0.063 0,210 0.026 - 0,403 • 526,0

M o d e l 5/1 0,072 0,241 0,047 - 0,363 - 551,3

Modtj l Õ/2 0,066 0,239 0,036 - 0,366 - 542,4

Mođel 5/3 0,070 0.257 0,045 - 0,369 - 536,1

http://bioserv.cbs.cnrs.fr/valid.html


Im  cs t i ị Ịo t io n  o f  th ỉ ’ possib lc rc ia t io n s h ip  betivcen. 15

lí Cỉin he S(*(*n th .it a ll nl 3 v ;m ;it io n s  o f mođel 5 have h e tte r scorivs than Model 
1 ỉin ri M odel 4. Thi* hest is M ndrl 5/1 Ít was named Model 5.

K x ỉim in a tio n  n f Mođcl 5 (use In s ig h t I I)  shows th a t a very bad loop 
eoníormation (knot) IS presrnt  íor í ragm en t  421 • 440. To relax this  region. we
" u n . i l i ự i K H r  t w o  r r s u l u e s .

Mocli-I r> F  s  V D s  I) T  Y N H Y R I V  F c  D 
1 Q II) F N  H R A S  - - ...................N L  V  w

Mock-I <j F s  V I) s  D T Y N H Y R I  - - V F c  D 
1QID F N  H R A S ..................... N L  - v w

The changes in  f ile  m o đ e ll.a li saved in to  new file : m odel6 .a li. K iles m odel6.ali: 
m ock'l6.ỉop werc* usrđ  to  Inn ld  Model 6.

E va l23 D V e r ify  3D P rosa I I E vT re e SFE

Modt'1 5 0,072 0.241 0,047 - 0,363 - 551,3

M odd <i/l 0.046 0.239 0,014 - 0,381 - 548,8

M o d e l 6/2 0,056 0,235 0,045 - 0,389 -541,1

Mocit‘1 (>/M 0,055 0,232 0.032 - 0,376 - 535.7

U sing  In s ig h t l l  we can see th a i in Model 6 the strange loop con form ation  has 
đisappeaređ. T h is  means tha t our loop re laxa tion  vvas w e ll done. Hovvever, resu lts  

in tab le show th a t a ll va r ia tio n s  o f M odel 6 are worse than  M odel 5. O n ly  the best o f 
them, M odcl 6/2, is n e a rly  close to M odel 5 (especia lly by the most im p o rta n t score, 
Prosa II) . T h is  ind ica tes th a t we could t ry  to im prove again M odel 6/2. Hovvever, 
(hu* to tim e  lim ita t io n . the m odcling o f SABprot was stopped.

Krom a ll o f th is . we chose M odel6/2 as our Model 6 fo r SASprot (res is tan t in  
A_loci). T h is  model has correct backbone conform ation and re la tiv e ly  good scores 
(P ic .l).

3. 3. M o d e ll in Ị Ị  o f  o P ro te in  fro m  B _ loc i:

A s im ila r  s tra teg v  was used to b u ild  a reference 3D m odeỉ fo r B_loci esterases.

U s ing  be lvu and seaview we chose from  B_loci B8 (re s is ta n t) fo r m odeling ( It 
has h ighest id e n tity  score to SASprot).

The B8 sequence was sent to BIOSERV and 3D-PSSM and the 1QID 
s tru c tu ra l te m p la te  was selected as p rev ious ly  done fo r A_loci.

B8 were b u ilt  w ith  e ith e r one o f ‘2 ways:
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Standalone M odelle r4 : O u tp u t Model M l/1 . M l/2 , M l/.‘ỉ 

B10SERV M odeller4: O u tp u t Model M2/1, M2/2, M2/3, M2/4 

A ll models were sent to  the E v a ll2 3 D  server

E va l 23D V e r ify  3D P rosa  I I E v T re e SFE

M o d e l 1/1 0,085 0,228 0,037 - 0,366 - 553,2

Model 1/2 0.070 0.207 0.025 - 0.394 • f) Ki.6

Model 1/3 0,068 0.219 0.029 • 0.405 - 523.4

Model 2/1 0,066 0,207 0.021 • 0.378 - 540.7

Model 2/2 0,051 0.221 0,019 . 0.377 ♦ 545.7
1

Model 2/3 0,079 0,225 0,017 - 0..Ỉ73 • 545, õ
i

Model 2/4 0,082 0,208 0,036 - 0.399 - 543.0

From resu lts  in tab le , the best model is Model 1/1. Using In s i^ h t II vve can see 
th a t the model has no apparen t e rro r. From a ll o f th is , we chose M odel 1/1 as our 
Model 1 fo r B8 (res is tan t in  B_loci). Th is  model has a eorrect backbone 
con form ation  and re la tiv e ly  good scores.

3.4. M o d e l l i n g  a n d  a n a l y s i s  o f  a l l  P r o t e in s  in  A J o c i

Using seavievv we checked a ll diíTerences betvveen SASprot and cach IV otc in  
in  A_loci. Then, us ing SPD lỉV ievver, we mutatecỉ the 31) modc*l o f SASprot to ohta in  

models o f a ll o ther A_loci p ro te ins.
P ro te in M u ta tio n s

S A 8 p ro t
S A lp r o t 43. 76. 95. 175. 303. 364. 504. 505. 528

X S A 2 p ro t 81. 295. 493, 504
£ SA4prot 21. 182. 364. 492. 504. 528. 540

S A ỗ p ro t 39. 95, 175, 227. 250, 269. 292. 364. 500. 50-1, 52«. 540

S A 7 p ro t 9. 44. 262. 356. 503, 504
B ru g e A 98. 364. 504. 528

B ru g e B 98, 269, 292. 364, 504. 528

S la b l 177, 504, 540
■»«*
■c S lab2 21, 98. 269, 361, 364, 439. 492. 504, 528, 540
A
ị C risse 95, 152. 175. 250. 292. 337, :i64. 492. 493. 504, 528

1
05 He te ren 21. 98. 269. 361. 364. 492. 504. 528

T ra n s p ro t 56. 261. 500, 512
B le u e t 21. 98. 492. 504
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S incr the a im  o f w ork is "To investigate the possib lc re ìa tion  betỉveen 
s tru c tu ra l m u ta tio n  and  resistance (>f Esterase to insectic ides", so ou r in te res t is 
focusintf in m u ta tion s , vvhich are observed on ly  in  res is tan t prote ins. For A_loci 
the.se m u tỉilio n s  ;ire  rc»si(liK*s 39» 4^. 44, 76, 81, 182, 227, 295, »303, 356. 503 and 
505

A ll m u ta tio n s  wt»ro ca re fu lly  analyzeci us ing  Ins ig h t II. AU m u ta tions  are 
located on th i' suríace ot thí* p ro te in , and reasonably fa r from  the  active site. None 
o f the m u ta tio n  appears to have a s ign iíìca n t im pact on s tru c tu re  and s ta b ility  o f 
the p ro te in  It IS likely that the mutations observed in the sequences o f  the A loci esterases o f 
resistani ( ttlcx piptcns arc not responsible for the resistance.

Nitnibct 9 39 43 44 76 81 182 227 295 303 356 503 505

Original a;i p
- -

p E L N
.. . .

s p V N V V T p

Mutated aa R s K w s R s 1 K L 1 A L
aa in templíite N p N M N s p V T E A E K.

3.5. M o d e ll in ị i  a n d  a n a ly s is  o f  a l l  P ro te in s  in  B  lo c ì

Using st?aviuw Wí! check a ll d iffercnces hetween B8 and each o f P rote in in 
B_loci. Then, us ing SPDBVievver, we m utated the 3D model o f B8 t. 0  ob ta in  models 
o f a ll o ther B J o c i prote ins.

P ro te in M u ta t io n s

B8

H
B I 20. 38. 98. 188. 213. 222. 257. 301. 335. 376. 461. 476

.8 B2 38, 62. 256. 26(5. 461
B4 20. 38. 51. 98. 100. 127. 188. 222. 297. 376. 461. 476

B5 20. 38. 54. 98. 127. 176. 188. 222. 376. 461. 476. 511.

B7 25. 38. 98. 151. 176. 202. 246. 461
B ru g c A 20. 26. 38. 93. 98, 176, 188, 266, 297, 303, 407. 461. 476, 517

B ru g e B 20, 38. 98. 176, 222. 266, 288, 297, 303, 376, 461. 476. 481. 517

S la b l 25, 38. 169. 176. 262, 459, 461, 500

S lab2 20. 38. 98, 176. 222. 266, 297, 303, 376. 460, 461. 476
«9
e

co

BSA1 20. 38. 54. 93, 98. 188. 239, 266. 297, 376, 461. 476, 492. 497

H e te re n 3. 20, 38, 54. 95, 98. 176, 222. 266, 297. 303, 376, 460, 461, 476, 517
T ra n s 38, 256. 461

B le u e t 25, 38. US9. 176. 297, 320. 375, 461, 476. 517

W ith  th e  same aim  o f w ork as in  A_loci, ou r in te res t is focusing in m uta tions. 
vvhich are happen ing  on ly  in res is tan t p ro tc ins. For B_loci these m u ta tion s  are 
residues 62. 100. 127. 151. 202. 213. 246. 257, 301. 335 and 511.



18 Dam  B ach I)u o n g 9 Chiche L a u re n t

A ll m u tn tio n s  were ca re fu lly  annlyzed ưsing ỉn s ig h t I I .

Pic. 1. 3D Model o f tem pla te

As shovvn below. stĩveral mutations are observgd f'or buried residues. One of 
them , po s ition  213 is p rox im a l to active site. M ost m u ta tio n s  are conservative. 
Hovvever, in  pos ition  151, an exposed po lar residue is m u ta te d  to a va line . In 
pos ition  213, a sm a ll bu ried  a la n ine  is m utated to a rg in in e . The correspo iu iing  
residue in  te m p la te  is an a lan ine  and s ig n iíica n t steric  h in d ra nce  appears in the 
a rg in in e  m u ta n t. T h is  po in t should deserve fu r th e r stud ies (Pic. 2). S im ila r lv . the 
m u ta tio n  to h is t id in e  at hu ried  position  335 deserves fu r th o r  s tuđ ies re ^a rd ing  

charge complementarities. This position is moreover in close proximity to a loop 
region in  w h ich  a lig n m e n t between the esterase sequence and the tem p la te  is 
questionab le  (P ic. 3).

Pic. 2. 3D M odel o f B8 Pic. 3 3D M«dt*l ()f B l w ith  m u ta tions
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T h r i v l n r v .  . ' i l t h o u ^ h  m o s t  m u t . ỉ t i o n s  o b s e r v i » ( l  i n  t h e  s r < | u t * r u ' í as  C ) f  t h e  |{ l o c i  

r s t r ra s ts  u f n  s is ian t ( u l r \  pipim.N ỉippea r u n re la trd  to the ri/s is tance phcnom enon. 
t l m - r  n i u t ỉ i t Ì I H Ì S  ;it p o s i t i n n  l ‘) l .  2 1 M a n d  3 Í Ỉ 5  n i . i v  h . i v c  s t r u c t u r n l

im pact. 1 'iir th iT  m vos ti^ ;n inn  w ill tu* necessỉirv to mon* c*arc*fully ỉtn iilv /.c  the 
p o . s s i M r  i m p í ỉ c t  o l  t h r s c  t l u v r  m u t ỉ i t i o n s .

N um bc*r O r ií í in a l aa M u ta te d  aa aa in  te m p la te C o m m e n t
— 62 T s s exposed

100 L F T expost/d
127 V 1 A huried
151 K G exposcđ. hydrophobic
•202 1 V L buried

.___ 213 Ạ R A b u r i í đ ,  s te r ic  h in d ra n c e
•J K i 0 i> N exposed
257 A R E exposed
301 E A s exposecl

Q H h u r ie d , a lig n m e n t

511 . 1 .L. V . _ _ I ..........J huricd

4. C onclusion

1. 28 th ree-d im ens iona l models o f insectic ide sensihle and insectic ide  
rcs is ta n t culex p ip iens esterases vvere b u ilt (11 for A_loci and 14 fo r 
B_loci).

2. A ll o f m u ta tions  in A_loci. w h ich  are speciíìc to re s is ta n t popu la tions  
appeared in s itfn ific a n t and probably do not p lay anv rolí* in  res istance o f 
Culex pipiens to insecticides.

• i. M ost m uta tio ns  in IV loci also appeared un re la ted  to insecticide resistancc, 
except m u ta tions  in positions 151, 213 and .‘Mõ (B l) .  These m u tỉit io n s  
m igh t havt* s ign iíìcan t im pact on s tru c tu re  or s ta b il itv  o f the  esterase in 
(he res is tan t popu lỉition . More deta iled discussion o f the  possible ro le  o f 
theso m u ta tions  in  resistíince o f Culex p ip iens  to insectic ides should avvait 
fu r th e r  investiga tions.

T h is  w o rk  vvas supported by P ro je c t 2002 N ° 12735 C N R S  -  C N S T
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R e fe re n c e s

1 Raymoncl L*t n I . An ovc»rvit*w ()f the evolut ion of overproduced esterases in the  mosquito

Culex p i p i e n s .  Phil T rans  R Soc Lond B, 353(1998), pp 1707* 1711.

2. VValsh et al. ld ikntific;ition and <*haracterization of mutations m housíly (Musca
domustica) achetvlcholinosterase involved in insecticide resistance. Btochem J
3 5 9 ( 2 0 0 1 ) .  p p  175* 1 S I



2 0 D am  Bach Duong, Ch iche L a u re n t

N G H IÊ N  CỬU S ơ  BỘ KHẢ NĂNG L IÊ N  QUAN G IỬ A Đ Ộ T BIÊN  

CÂU TR Ú C  K H Ô N G  G IA N  CỦA PH Ả N  T Ử  ESTER ASES  VÀ T ÍN H  

KHÁNG T H U Ố C  TR Ừ  CÔN T R Ù N G  ở  LOÀI CULEX PIPIÉ N

Đ à m  B ạch  Dương

T run g  tám  Công nghệ S inh học, D ại học Quốc g ia  H à N ộ i

C h ic h e  L a u re n t

Trung tám  cấu trúc  s inh hoá , UM R 5048, DR 13, M ontpe llie r, CNRS, France

Loài m uỗi Culex p ip iens  có khà nãng kháng thuôc trừ  côn trù n g  nhò vào sự 
thav  đổi tín h  chất của p ro te in  Esterase. Việc nghiên cứu khả  năng liên  quan giữa 
các đột biến cấu trú c  khôn gian của phân tử này và tín h  khá ng  thuốc đã được tiến  
hành tạ i T ru ng  tâm  cấu trú c  s inh  hóa M o n tp e llie r (Pháp).

Mô th ìn h  phân tử  3D của 28 pro te in  thuộc nhóm Esterase đã được xây dựng. 
Qua phân tích  các đột biến cấu trú c , có thể kế t lu ậ n  rằng mọi đột b iến tạ i nhóm 
A_loei đều không gây ảnh hương đến tín h  chấ t của p ro te in . Đ iêu này có nghía là 
những đột biến này không liên  quan đến tính  kháng thuốc của Culex pỉp iens.

Đôi với nhóm B Jo c i, có 3 đột biến cấu trú c  tạ i các điếm 151, 213 và 335 có thể 
gây ra sự thay (tối t in h  chấ t cua pro te in . Tuy vậy, việc tìm  ra câu trả  lới cu (Vi cùng 
vể sự liên quan giữa nhừng đột biên cấu trú c  này với tín h  khangs thuốc trừ  côn 
trù n g  đòi hỏi phải tiến  hành thêm  các nghiên cứu khác nữa.
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