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FREER R (3-HK)P, 3-HK SRS 5 8L U I, 2357 20 A AE ORI TE R 4, B
TPk IRAPMSZIGZE BB, (2T B2 FRME RS 1 pmol- L' % 3-HK ] DAEC i A S RRBmst T, BILR
PR % 182 % 2 i ( 3-hydroxykynurenine transaminase, 3HKT) ) A] LIiifL 3-HK 7= A= Jo7E Hp B 8 R G R, F
A aE VR W, I LSO SHKT SRR, vT 68 S 80 FE TS o 76 A FH fof i 42 ol 1A B A i
KUMAR %550 ] #2150 3HKT RNAG i 5 PR A s 4 il X] LU S #2850 ( Anopheles gambiae) , BUAS— E 3R -
AT BEHE XGRS SHKT L1 RNAL P81 B, sb ., i35 b R 2k ik T282 I, 1338 R [ EE ¥ 51,
I AT RER AR B 1Y RNAT KA 8K pMaa7IR/XIR b &4 3HKT 3K R 16 82 55 1) RNAL %
TR A B IR BR L 20 0 AR A, R B R R 28 1 e R AN 5 e 2R B B I SE R I 1) E )7
G TREBEMR . B RS B A B T RE bk, IR IR S ey e, ARG T AR K L B L JET 4K
Wi o AR B LE N AE Y AR, BRI 0 28R a5 B AL Yo A A TR L S %

1 RS

1.1 SCIG#FRL 3K KB (Chlamydomonas reinharditii CC425) A 21 i BE B ¢ {1 Sa bk, W H H Bk 22 Bt
WROK RN . WERRBEFIE TAP BRRE 3258 B A TAP WA 32 3L b i 35 . 5535 550 IR 25 C, B2JR
B 220 r-min!, YEIRSR N 110 pmol-m s, 24 h & KGR . RNAL T # #{& ppMaa7IR/XIR, H [A]
ik T282 ARSI B AT . AR & A ki A IR TAY TREARAR . KiEFEEVWARA
IR

1.2 3EBRIAE RNA 32 EUFN cDNA $I8 KB ATHE CC425 76 110 pmol-(m2-s™) ., 25 °C. 24 h &R 4%
PR RS, Frs ik A KRB K rp 3, 4 100 mL 7%, 12 000 r-min™ 5.0 3 min, 25 F 3SR, BURH R
I, WA R . R KGE E A Trizol 4 RNA FEBGA ] G P ACEE & RNA, IFRIHKE A AT
cDNA & BURH 2 RNA G5 55%4 i cDNA £ 11,

1.3 3HKT RNAi EIRBUMIE HRYE genebank AR IR KA SHKT #8432 X 581, i 1A T
A=A BRS E A% 430 bp JE4 . PR pMDIS-T #h44 I, 554k K% FT 5 DH50, PKBUREYE, L I
WA T TR A BR AN & ok /)N e 37 6 R BT RE, Bl J5 B4 BV 4047, #9328 4& pMD-3HKT. LA Hind
A1 BamH 1 435 EE) kL T282 Al pMD-3HKT, [A145 3SHKT IE [ A Bt, 5 T282 4%, #4L KIm i,
L BamH 1 1 Hind M EGYISE T TR . LA Sal 1 Fl Xba 1 BV IR L0k, 35 % 18] 3HKT FBL%E
B, SR KA FF 18, Sal 1 Al Xba 1 BEYISE 2, 15 54 3HKT [8] 3¢5 51 A9 o 1] 2 44, I va B 9k pMaa7IR/
XIR 1, 1338+ 4Ak pMaa7IR/3HKTIR .

1.4 SERECERMEEWL ¥ 1 pg T4k pMaa7IR/3HKT IR, 500 pL ¥ . 50 uL PEG8000. 400 mg
YRS ERAE IR TR Gt LR AR 30 s KRR A MAFEREH] 10 mL 2048, I35 3% 12 h, SR )5 K i &)
WATER NG AR EEF R A TAP 55375 LRFE 5 ~ 6 d, Rk K G, JEA7 5 S A g g () v £
SR

1.5 REGAFMEYZRN  TEEIE 26 °C B 75% AR IR B IE A A KBS F: LA, F8 0705
R, B4 IS AR ARCE K T, JEHE 2 b, wnT DUOUER BRI A4l L . Sy SRR AR R A
PSR FRIE R, R RSO IS AR K B A . Maa7IR/3HKT IR 46 3EH TR BEARAE 50 mL TAP K5
FEWe TR T SR BN R K Y, R 5 mL MRS s TSR U B AR RO A

2 HBRS50

2.1 3HKT RNA FiXZ{AK pMaa7 IR/3HKTIR B  ASIEGAYIR M i SHKT HEF 4K 1167 bp(GenBank
B35 XM 021849682, 5 11 EAT45177.1, AAEL003508-PA ), HIF it Bl 2HE &7 1 203 bp, Zifith 400 4,
SERRFR AL, 5 v AR St XK A 455 bp, 3/ ARGt XK 143 bp. 3HKT & A AGAT(INZ MR 415
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MG FEORSFIX T o RSB R0 3R M AP0 3HKT 5 S (dedes albopictus) . BUHE R BT
(Culex quinquefasciatus) . ik [RFEWL (Anopheles darlingi) SHKT i85 1 BT, HARJE Fhbg, 1R B 4ic it &
52 K W (Photinus pyralis) # i 5 1 (Lamprigera yunnana) (€] 1) .

3HKT RNAI iF [ F152 [] F B3R5 4R35 GenBank [-352 M2 A5t SHKT #553 gwtith X e 41 3d ot | i
TAYA AR AT R B, skt pMDI18-T J&, 192] pMD-3HKT. MI/F245 5380, Sef ) 3HKT %
PR B 5 352 K i 3HKT 2K (GenBank 415 XM 021849682) 4 [ 4 K 100%., i it HindIl |
BamH 1 3EGY], 1t 469 bp 3HKT F:H 1F [a] v B Bt kz pMD-3HKT Y] F &, 193] 3HKT J K 1F 19
Bto [RBELL Sal 1 | Xba 1 ¥ 52w A BEA pMD-3HKT Y1 T2k (& 2-A, B) o K IE ) H B 5 kL T282 4%,
HATEAI TR TECIERE TR s m B, A B A IR A s S R B2 1200 bp B R R {R T282-
3HKT ([ 2-C) . TEMEERE |, # b Al 4k T282-3HKT 144 1 100 bp 14 8 4 J7 51 va ik pMaa7 IR/XIR,
195 RNA Fik#i 1A pMaa7 IR/3HKTIR (/& 2-D).
2.2 3HKT RNAi FIAEAFEERIAE pMaa7IR/3HKTIR RNAi k2R ARFE A0 31 B AR WS, 5 5L
R A T HilE TAP 55 38 5 A A7 ik, JEA5 5] 85 #k 3HKT RNAQ 75 3L R bk . $R B 3 PR s
DNA, X BE SR 2EFT PCR 94, S 2 A & A4l A B, 253 (&1 3) B, 85 #k 3HKT RNAi %1k
kT 36 BRE A,
2.3 (ARFEEEERFBUEN X R 4 doR ek CBRUR ) L K JERE IE K B CC425. #;
pMaa7IR/XIR 4K ; AbHH2H 4 i W8 £ pMaa7IR/3HKTIR A ¥ (44 10 B4, 5 3 Wakie), 1Ll fs
BB, DL 10% KSR (1E 4) o EA RIS 25T, SMEiapkl, WK, AR RERIACEE CC425.
% pMaa7IR/XIR A (Maa7) Xf BRZHAA LE, W £ %% pMaa7IR/3HKTIR 4K 3 # #& 3HKT-1. 3HKT-2.
3HKT-5, 3HKT-6, 3HKT-8, 3HKT-11, 3HKT-16, 3HKT-19 A4l 7ess 2 RIT A 4hdiser. Sers

XP 031351728.1 Photinus pyralis
— KAF5273958.1 Lamprigera yunnana
XP 026465630.1 Ctenocephalides felis

XP 023707600.1 Cryptotermes secundus

| XP 022917907.1 Onthophagus taurus
l XP 017771663.1 Nicrophorus vespilloides

XP 019773242.1 Dendroctonus ponderosae
—{ RZB77501.1 Asbolus verrucosus
ABG77982.1 Glossina morsitans
XP 023306015.1 Lucilia cuprina
—— NP 511062.1 Drosophila melanogaster
[ XP 034139721.1 Drosophila guanche
LXP 034666501.1 Drosophila subobscura
ETN65727.1 Anopheles darlingi
XP 001844991.1 Culex quinquefasciatus

0.050 [ EAT45177.1 AAEL003508—PA.AedeS aegypti
XP 029714136.1 Aedes albopictus
Bl R B 3HKT 5 F-5 HABAE v i[RI RS DR SR 26 43 #r

PSRRI 2 et T E AL C R, I MEGAT AT 5387 o R BAF I (Aedes aegypti) , B (Aedes albopictus),
IR ICHML (Anopheles darlingi) , BUHE E I ( Culex quinquefasciatus) , # K M. (Photinus pyralis) , Ji 8 W (Lamprigera yunnana),
W [C S #8 ( Drosophila guanche) , B ¥y B ( Dendroctonus poerosae) , Bl 18 ( Drosophila subobscura) , 3|7 1 ( Glossina
morsitans ) , 15 BPEWR (4bolus verrucosus) , HEib AL ( Cryptotermes secundus) , B NE 18 ( Drosophila melanogaste) , i 43 1
(Lucilia cuprina) , JER k& (Ctenocephalides felis), ﬁfi'bf(ﬁ’%(Onthophaves taurus), ﬁ'fm%(Nicrophorus vespilloides) o

Fig. 1 Evolutionary relationship of V-ATPA gene in Aedes aegypti and the orthologous

The evolutionary relationship was inferred using the Neighbor-Joining method. Evolutionary analyses were conducted in
MEGAT7.
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A M 1 B M 1 C M 1 D
2000 bp 2000 bp
2000b
750 bp P 750 bp 1000 bp
750 bp
100 bp 100 bp 100 bp

K2 RNA Fjk#i{A pMaa7 IR/3HKTIR 4%
A: pMD-3HKT %8 Hindlll, BamH | #§4]; B: pMD-3HKT £ Sal 1 , Xba | B§YT; C: &4 1F 1) F 2 ] 5 & 590 By &
EcoR 1 [ifi¥]; D: pMaa7 IR/3HKTIR Fik# iK% EcoR T ffiH]; M: DL2000 43T A5ifE; M1: DL10000 43 F 245
Fig. 2 The construction of pMaa7 IR/3HKTIR

A: pMD-3HKT digested by Hind llland BamH I; B: pMD-3HKT digested by Sal I and Xba I; C: Fragments digested by EcoR
I containing forward and reverse repeats; D: pMaa7 IR/3HKTIR expression vector was digested with EcoRI; M: DL2000 Marker;

MI1: DL10000 Marker.

R3S (30+2) %, (80£5) %, (90+4) %, 100%,
(80+3) %, (80+3) %, (40+2)%, (70+£3)%. MEEris
BE WK AR TN B Bk CC425 S A 1 3k A
pMaa7IR/XIR FERRIFET RNy 0%, MREFE L i
FRTEAFET IR 43 32 3HKT-1 55 3 K, 3HKT-2
%5 5 K,3HKT-5 55 4 K, 3HKT-6 55 2 X, 3HKT-8 5
4 K, 3HKT-11 58 7 K, 3HKT-16 5§ 57 K, 3HKT-19
04K B K pMaaT7IR/XIR 1Y # Pk
Maa7-2 B FET- %R (2042) % (£ 1) . 45528,
3HKT RNA % 3 R i bR O A A BV E R
2.4 EAME pMaa7 IR/SHKTIREZEEE TIEERFEA
SHKT BEEMIZRIE TR I 5 I P IO M 7 ik

PR TR J LA Py SHKCT B PR 3R & R AR, 7EAH

As

_%’iiﬂ' .‘f; =
[ 4 FERED SRR i S s

M 1 2 3 4

2 000 bp «—
750 bp

100 bp

B3 FeELDIEERR PCR RGNS
M: DL2000 73§ AR ifiE; 1 ~ 4 #8730 SHKT e 5 A bk
DNA PCR § #4554
Fig. 3 PCR results of transgenic algae strains

M: DL2000 Marker; Lanel-4: PCR amplifications of
DNA of the 3HKT transgenic algae strain.

A: JHSCHE; B: pMaa7IR/3HKTIR 5 PIACHIR IR (19 P sely s C: 4y UMM R B9 A BS99 7K D BOE R IRIFR

LA

Fig. 4 Transgenic algae strains used to feed Aedes aegypti

A: Aedes eggs; B: Aedes larvae fed with pMaa7IR/3HKTIR transgenic Chlamydomonas; C: When Aedes larvae pupate, they
are transferred to the clean water in the mosquito cage; D: Aedes aegypti reared in mosquito cages.



360 oAy B ) 2021 4
£ 1 M2 pMaa7lR/3HKTIR #E EEHRFONE TR
Tab. 1 Mortality rate of Aedes aegypti fed with the pMaa7IR / 3HKTIR transgenic algae strain

i’i fa 73; Fiﬁr CC425 Maa7 3HKT-1 3HKT-2 3HKT-5 3HKT-6 3HKT-8 3HKT-11 3HKT-16 3HKT-19
BIK 0 0 0 0 0 0 0 0 0 0 0 0
¥R 0 0 (30+2)% (80+5)% (90+4)% 100% (80+3)% (80+3)% (40+2)% (70+3)%
¥3K 0 0 0 0 100% (80+5)% (90+4)% 100% (90+5)% (80+3)% (60+4)% (90+4)%
L 25 NE) 0 0 0 100% (90£6)% 100%  100%  100% (80+3)% (60+4)% (90+4)%
¥(5K 0 0 0 (20£2)% 100%  100% 100%  100%  100% (80£3)% (70+5)%  100%
N 0 0 (20£2)% 100%  100% 100%  100%  100% (80£3)% (80+5)%  100%
57K 0 0 0 (20£2)% 100%  100%  100%  100%  100%  100%  100%  100%
8K 0 0 0 (20£2)% 100%  100%  100%  100%  100%  100%  100%  100%
9K 0 0 0 (20£2)% 100%  100%  100%  100%  100%  100%  100%  100%
10K 0 0 0 (20£2)% 100%  100%  100%  100%  100%  100%  100%  100%

TE: CCA25: ATCHE B D A HECCA25 BERRIR IR HSG; Maa7: FlpMaa7IR/XIR 5 DH SRR 37 (9 HHIC 3HKT-1 ~ 3HKT-
19: DipMaa7IR/3HK TIR% Jk K AR 72 A IR

Note: CC425: Aedes aegypti fed with the non-transgenic Chlamydomonas CC425; Maa7: Aedes aegypti fed with
pMaa7IR/XIR transgenic algae strain; 3HKT-1 ~ 3HKT-19: Aedes aegypti fed with the pMaa7IR/3HKTIR transgenic algae strain.

[l AR 35 5 4F R, FEG U B AUEE 4 K, LU HESE 12y

P4 AC B CC425 A5 Hy X B, 6 W0 45 M8 pMaa7IR/ L0 E

SHKTIR 5 3K T 72 6 bR PP 47 st 3HKT 3548 =

fbE . Real time PCR A6 25 5 (& 5) 2 B, 4l §0j4_

W pMaa7IR/3HKTIR %% & [K] T F2 9 #k (3HKT-1, Zo2|

3HKT-2. 3HKT-5. 3HKT-6. 3HKT-8, 3HKT-11. ” x> & oy %. \\. \b.\q
3HKT-16., 3HKT-19) Fisc )y s AR M CC425 X I8 & @ Q\ N;Sk ﬂ&«yx\%&&q

AHEE, EATTH 3HKT 3t F ik i A 1R B B AR
T 3HKT-5 iRk it F R 2, S5XF AT
BT 99.25%; Hk & 1A M 3HKT-19 1 3HKT-6 H#
I, BEATAY RNA 3R 3K 300 B4 00 T B 98.66%
1 98.64%, 45K, SL50 BT 2 B TR e pR iy
REA ST ISR N Y 3HKT FEH

3 i it

A, BT A A AR
fi e, WA BRI AIE TS, Horh, PHBE SR
R i ke -+ EE AR, BAnZE R e |

AR SEAL R | R SR AT b IS
(o PRI, 52—l oA R T Bk B 42 e, M

K5 fi M2 pMaa7IR/3HKTIR 4% 3 [H 5 4 d J5 358 K i %)

HUHFIXT mRNA 7K
CC425: LLTCHE L K 1A 3 CCA25 bk MR 55 11 A7+ i
Maa7: i pMaa7IR/XTR %% 3 [F 3 KRS 52 A A IS0 SHKT-1 &
3HKT-19: LA pMaa7IR/3HKTIR %% 3 P 78 ik M2 5% i A7 55
525 10 HAPiegh e, 52 3 0, TP ER 25
Fig. 5 Relative mRNA levels of Aedes aegypti larvae after
fed with the pMaa7IR/3HKTIR transgenic algae for 4
days
CC425: Aedes aegypti fed with the non-transgenic
Chlamydomonas CC425; Maa7: Aedes aegypti fed with the
pMaa7IR/XIR transgenic algae strain; 3HKT-1 to 3HKT-19:
Aedes aegypti fed with the pMaa7IR/3HKTIR transgenic algae
strain; each group of 10 Aedes larvae was repeated 3 times, and
the average value was calculated.

IREIE B R H B
Pz oa SR DA AT R P Y T TR (B, el g% R0 A0 O S B 1 AR 22 DA, s
PULGTEINE | 2% HR PR A A FE G A2 . RNAL T2 AR A AL 1A= ) 2 U5 | B —Fof

B ifE HUAE TR RHUA

LA 24T RNAG HLH A SEAS 5oy, FEAN TR A B 4] F AT 17 2 )80 RNA 56
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B, HF RNAI GBS T I R HU AL A, DR T LA SR o A bR g TR 12, e s
F¥77 1, RNAL C )32 A T 25 K 0y R Asc - 559 SR AR BAVE R IF 521 76 RNAL T B
AW T, B AT EEOR RS R GRS D T LR 0K dSRNA A3 B -4y et =19,
RNAi 77F (dsRNA, miRNA . shRNA) 7] LU 00 L 347 90K Bk 25 0838 i3 b 34 (K Ab A7k 4k )
HEABCT-S A Afte 22 55 —Jy i, R (0B | BERE . 3825) 1538 dsRNA ., miRNA, shRNA 14
R ZE A2 24 Kumar 255 ] #2550 SHKT RNAI %555 R e 42 i) (K] U 4% 8L (Anopheles gambiae) , %
LR BERE B T4 33% 2045, B i SO R 53%; A S 1 5 R ik X e (O B 0 100%, 77
A ANTRI R B PR S R AT B A 22 5, DGR IR RNAL UTER A B 2557

A5 30 A ] 35 B BRI &y e R AR AR B G AL IS0 SHKT RNAG ik 244, 45 5 % B, pMaa7IR/
SHKTIR 55356 PR 3 ik et I H ) Bt 356 | A e ) AR08t | ol o SR A st i) AN B0 A7 R R 5
3HKT RNAi % 5 P stk I — 2 I BOEER . i PR S BCF 2 iR B, 7 AR AT 217
TEo HAT, INEREE IBHERE . A PSSR T TR T AT T AR KB 7=, A2 6 PR PR isORn IR 2R 1
T FCAR A B SR s, A= 77 AR R L A S, AT LUK R AR B 7 ) X 3R, T A A, 12401
BRIZH DX A BPSE, SA 2B )R LB oA R R . o PR A AT i ) A T B A 1 SRS

S 3R
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Construction of RNAi Vector of 3HKT Gene and Its
Lethal Effect on Aedes aegypti

FEI Xiaowen', ZHANG Yang', LI Yajun’, DENG Xiaodong®
(1. Department of Biochemistry and Molecular Biology, Hainan Medical College, Haikou, Hainan 571199; 2. Institute of Tropical Bioscience and
Biotechnology/ Hainan Key Laboratory of Functional Components and Utilization of Marine Biological Resources, Chinese Academy of Tropical
Agricultural Sciences, Haikou, Hainan 571101, China)

Abstract: Mosquito-borne infectious diseases are seriously threatening the lives and health of humans all over
the world. Among them, Aedes aegypti is a vector insect that spreads dengue fever, Zika virus disease, yellow
fever, and chikungunya. Therefore, the control of Adedes aegypti plays an important role in the control and
prevention of the aforementioned infectious diseases. In this context, an RNAi expression vector pMaa7IR/
3HKTIR of the Aedes aegypti 3HKT gene was constructed and transformed to Chlamydomonas reinhardtii by
the glass bead method. The transgenic algal strains were then used to feed Aedes larvae. The results showed the
3HKT RNAI transgenic algae was lethal to 4. aegypti larvae. Microalgae are natural food for mosquito larvae
and they are widespread in nature. Microalgae, such as Chlorella, Chlamydomonas, etc. can be produced at a
large scale in the factory with low cost and placed into closed areas to form dominant algae species. This study
provides a new idea for biological mosquito control to prevent the spread of dengue fever, zika virus disease,

and other infectious diseases transmitted by mosquitos.
Keywords: Aedes aegypti; Chlamydomonas reinharditii; 3HKT gene; RNAI
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