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Abstract

Abstract

Malaria is a mosquito-transmitted disease caused by Plasmodium parasites
infection. The Plasmodium parasite resides in the alternative vertebrate and mosquito
host, developing within several different kind of host cells or tissues during the life
cycle. To complete this complex life cycle, precise regulation of gene expression is
guaranteed, in which the transcription factor mediated gene transcription plays an
important role.

The ApiAP2 gene family is one of the few predicted transcription factor protein
families. These genes are highly conserved in both human and rodent malaria parasite.
In apicomplexa and plants, AP2 proteins function as either transcription activators or
repressors, usually containing at least one AP2 DNA-binding domain.

Previous studies using transciptome and proteomics method indicated the
ApiAP2 members expression in different stages during the parasite life cycle, which
is implicated that different member of AP2 gene family functions as major regulators
of gene expression in Plasmodium development. The functional role that each
ApiAP2 gene playing in the biology of the parasite largely remains to be determined.

In this study, we explored the function of 26 member of ApiAP2 gene family in
the rodent malaria parasite model Pyoelii 17XNL strain via reverse genetic strategy
with newly developed CRISPR/Cas9 method.

Cas9-based vectors for gene deletion were constructed for each gene member.
Transfection and drug selection strategy were used to obtain the gene knockout strain.
In total, 18 AP2 genes could be genetically disrupted. Through several independent
transfection effort, the others indicated refractory to be gene deleted, which suggested
that these gene function are essential in parasite asexual intra-erythrocytic stage.
Dilution method was applied to achieve gene knockout single clone strain of the 18
AP2 genes.

Two member, AP2-1 and AP2-7 genes were chosen to be analysed for the

1



Abstract

possible phenotype through the whole life cycle.

AP2-1 gene knockout strain was not necessary for parasite proliferation in the
red blood cell stage but was essential for formation of oocyst sporozoite. Gametocytes
were as normal as wild type and oocyst number had no difference on day 8 after blood
feeding. But there were no salivary gland sporozoites when mosquitoes were
dissected on day 15. Further analysis showed that the discrepancy appeared in oocyst
development phase. No visible oocyst sporozoite was observed on day 11 and day 13
using confocal microscopy after blood feeding. Western blot analysis showed protein
expression of CSP was normal. All of these results suggested AP2-1 plays a central
role in gene regulation of the oocyst sporozoite stage.

AP2-7 gene knockout strain was not necessary for parasite proliferation in the
red blood cell stage but was essential to sporozoite gliding motility and invasion. The
knockout strain replicated normally in the blood, developed into ookinetes and
infected the mosquito midgut. The number and sizes of oocysts formed in the midgut
were essentially the same as in the wild type. In the salivary gland, however,
sporozoites were not observed. Nuclear staining with Hoechst33342 showed that
oocyst sporozoites developed normally 11 days after blood meal in AP2-7 knockout
as in wild type parasites. All of these results suggested AP2-7 plays an important role
in gene regulation of the hemocoel sporozoites invasion stage.

18 AP2 genes knockout mutants were conducted in our study. Furthermore, the
gene knockout singe clone strains were obtained. This initially revealed the role of 2
transcription factor in ApiAP2 family. These results will lay the foundation of
constructing the transcription regulation networks throughout the parasite life cycle,

and also provide new ideas and a novel direction for preventing malaria.

Key words: Malaria parasite; Transcription regulation; ApiAP2 gene family
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JEF (malaria) VEN—Fh/™ E ML Qe , 530000 IS5 %51 R 45k
R YR o SR E IR Bt (Plasmodium ) J&Y: 51 FE ), 238 (Anopheles)
B E R FF A BUR . BT O A REOE R I N IIER I 5 A, 235l R e R
(P falciparum) . AIHIER B (P vivax) « =HIEJR R (P malariae) . SHIE
JEJR I (P ovale) RNk RIER S (P knowlesi) » e rfai PO fors i o i #2de]
S PE NI Z AT M AL 76, DLBMEE IR 0 6 55 KU 7E 7R 1 W WY ARl A5
i OB AT LB, B5A T T S e AR OB 5 T me N, AT BAS 12 A
g, (H i 2OE AN BEYE N Z I VR A4 . TEIERMATHLIX, JEK
P 5 5 368 5 22 o SRURR AN R VR B R

AR B AEH 2 (World Health Organization, WHO) KA (2015 4EtH Fss
Tl FH, AERILE 96 AN S X A7/ BOYLIE TR 1 RS, BRI b X (¥
PR RIR O 0%, JETAEROM L X FEAR B W ER . P gttt 8, 2015 4F
A 214 10IEBE), 43.8 7 AFET:, 52000 FLISREIGETHHAEL, 4BRER AR
HHJET R R ANBET 0 3 R4 T 37% 1 60%.. A 32 LA RS (1 i b [X 7E 4 3k
JEPE AR I L B AR R B . 2015 4F, iZHLIX BRG] S EL 88%, JE
PRGN 90%, FHorb 5 Z LU FHILE X 70%H.

M T AU I G, 5 R B ST R AN S b 1 B SRR A (1 XU fo o [T
AL T BT SR S, SHER TG . 2 W AR SRR R AR A4S, R IX L
HBIX, JESRII B VAT G Pk . TSR ) IX, 5 % LUR ) L2 2 4 2
B EGIE I NRE . BB 5 2 U™ B R A A IED), BrAE L AR R E
Tl P IABE T 2 O AR

F T 2% ORI R FH R BT 2 SRR IR 7=, JER R T AR T I B R 1 BkiR .
R TEA RUIEZE B o RTS, S/ASOL RS B HIF 78 AT B A 2 — i
AHTSMER . 5-17 N A BN LEEEZIRITIE, IGREREHIH L 39%,
it ER AT EAEIE R LB RS RN 31.5%!7), (HZBEE IR = 4 R A A, 5%
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HIRE 9T A2 45 SN N XE - 75 8 3R A R B H THIE SR YT 1 R SR A L i oA E Ik
TSI T RS, (BT EERE FR DU L T E R OB R,
P RLSR 2 A o AL, A2 75 T 0 M SRR YT IE R o BHLIE [ s A 4% (6
5 H A ME B ) 1 3 TS - 1] 2 000 1) A 8 AR 5 R ZE 2 B 10 v A A
ZNP)TE LR BOCHE B, i B 5 R 40 e 3 R 1 A s DR O FE T A
SRIT FEDR IR AR (¥ S

I 1 ] 455 A A S G 181 PO 17 100 27 AT, JE R I B4R LS T LR
R LA REE RE S G iR R, SAMIE. FM&EEHF. "5, Ik
PRI G, ORI N LR BN AN 57 45 %t v R B T 7 o [ i N e
AL TR RO, T B IR E IR i TAERERR, A 80l FiizhiE,
i 3R [ A R R SR AR S S BB AT BRIE IR H AR G, BAEIRAT T
€2006-2015 “E4 FYELRPIE MR o op S I TT 2 ZIEBUR IR R e 4% A
I NFISCHE, JESR AL HRAE T [EH 15 2 BOE K . FREBUME 2010 FF4x 10 IT /R
THERIEZ I TAE, KA (b EREBRIERRAT 30 THRI (2010-2020 4F) ) , 42 H1F) 2015
SERER A MK B, 31 2020 42 52T 4 [ Bk 6 H Ao

2 ERHERESL

JEIR dfe — R MM R A Bz, J& TR (Apicomplexa) .
T (Sporozoa) . JEJHE (Plasmodium) o &R RIIAEVE LR E L, HEHE
AP AN o SR N E S O A 3 SRR ARRL, E AR S8 5 A AR T
FFANB AL an e, BEATMAARE (schizogony) 3 FEZLANMIA, B 1 HEAT8MAE
TELAAE, B e IR BT A A IR B . AR, SR T AR
(gametogony) , Z G HFiAfAF4A%H (sporogony) (] 1-1) .

21 ENEARAEE

JE D HRPE N AR P S J 2 I3 T4 LR 21 280 B ) K 8 T B o P4 L A PR S R
NLLAR ML AT A BRZL AR AN, TIARZL AN FELLA M i A B AR AL A ek
WTEH (MBI, fRTRRZAL D RIRC TR R T B0,

(1) ZL4MAMA (Pre-erythrocytic stage) = A Tl F BHLITIE N Z )5
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KR TRFEANRRRERE . THTERAEKRE, Bt agd, fEim
AR RIS, £ Lo rh 508, &ANRI4IM. B4, 78
FFEm i A5 B 5%, T igh diifd (parasitophorous vacuole, PV) o T T IT4EH
KRR RIATE, KB BN D KIRGE, BUEA R 4K E T AUE R 3. &
AN ORI, TE T AR IO B R 1, RN BT N — BB A .
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Fig 1-1 The life cycle of Plasmodium falciparum. (by Stefan H.I Kappe, 20100121

RGN B JE A NI ME T o EANRN S8 5328 T gnfa M Zcami b, #4770
PERZAAAE . ELLAME, B 7GRS, 0 258 T IR 114, FHIBA AR . 4%
WO R TR, FERBURN KT, TERGE T shaT, b bR A soop e,
YREEHE — D R BTN EE T 17, FEA I MR R 1, FEFISCN — T I i N A
W, JFaRET— R s A .

JERYLE Ji S 7R B AR IR AN B 5, 5@ PUE 25 %0 1% — B BL e SR Lt
AEAEH o T i B 5E AL A A AR R0 6~7 K, (A1 HDJE I A 75 8 K,
ISR B 9 K, = HIERE d 11~12 K03, w3 58—l 2~3 K.



i)

hafl3

UBAk,  OF A 5 A0 ) e 5 R BE i R F (hypnozoites) , 7E T IE A KA
TRFFRIRIRAS, E— @ HBR N EHEEH SBRRE K.

TN (Intra-erythrocytic stage) : ZLAMAFARIZREHE T, #ENMR)E
TRERNIZ AN . 20 &M I ZL58 7 BE A LA PR E 2 R T, 408 1 1) Tty = 1)
LIANM, SO RS ERER:, EOMBEERmITIL, AR iR
FAN HUL, 9 RV TE SR T AR 58 U 35 TR R o 12 N 2140 M R 2458 72 A K,
TR (ring) , TEIXMBBUE BUR KIS, S ILLL & F T AL,
TERUEE 3 (hemozoin, IFEGRER) o ZJEER HIRHUE 7=, 4L FE
R FRR (trophozite) , JEGRIEHM IR RE . BANIETRAR LT A
LIANHL, KRB TUREEER (schizont) o ZFHAMA G AL, 2458 1ot
RETR, Ko 2458 F FRR AR T A 4 A, 2852 AR 20 N I 240 A 4 (1 1-2)
JESIER B AR S E LLAN M Y 3 o 58 B J S I 20 P SRR S 5, SR R
i 36-48h, [A] HJEJR ANy 48h, = HHEJRAN 72h, BRI JE 11497y 48hl15),
P 145 3 A S R 5 B — A JE U ) 2 B P I By 18~24h.

1-2 2140 A S TR HR AR e 1 B
Fig 1-2 Cycles of asexual parasite replication in intra-erythrocytic stage. (by Olivier Silvie,

2008M4)
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(2) BT ATER: 24 A IR S A S8 B R A A JE s B8
TARNLAN G A BT IO VER GE, TR L A ASOE L RS 744, THIeA It A0
HET, BE A REAE SN L g R . i

PEIE IR RS TR 1A B BB A
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2.2 EERPAANKIRE
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TR FE . PH A4k A #5 JRERUT) (xanthurenic acid) KT 48, M. HERC 11K
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AN OF 2 N 40 Rz A0 e B R
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Wi NJETENET I TE EARA L BEAT 3 — S0 TE3A
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[ a8 (09 it AR A2 R N RS IS TR AN [R] o AR PRYE R R 10~12 K, 1) HE
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G 9 JA
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