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TOM TAT

Protein van chuyén Serotonin (Serotonin transporter - SerT) 1a mot protein co tinh bao ton cao va sy twong dong
16n gitra nhiéu loai sinh vat khac nhau, bao gf)m ca ngudi, dong vat c6 vi khac va con tring. SerT ndm vai tro
quan trong trong viéc dam bao sirc khoe hé than kinh. Nhung chirc ning cua protein nay trong cac co quan ngoai
vi van chua duoc nghlen ctru day du. Trong nghién ctru nay, chung t6i tim hiéu vé chirc nang cua SerT trong su
hinh thanh mét cia rudi glam (Drosophzla) Khi glam su biéu hién SerT (SerT- kd) béng phuong phép
GALA/UAS, ching t6i nhan thdy su xuat hién ctia nhidu té bao chét, tir d6 thuc day co ché ting sinh dé bu vao
khoang trong ctia nhing té bao di mat di. Thém vao d6, ching t6i nhan dinh SerT-kd ciing lam giam sy hoat
ddng cuia protein Akt, va kiéu hinh duoc giam nhe dang ké khi tang cudng biéu hién cua protein PI3K. Tém lai,
nhitng két quéa trong nghién ciru da chi ra SerT c6 vai trd quan trong trong sy hinh thanh mat, bang sy diéu khién
chu trinh chét ciia té bao thong qua con dudng tin hiéu PI3K/Akt.

Tir khéa: Hinh thanh mat, PI3K/Akt, rudi gidm, Serotonin transporter.

MO PAU

Serotonin 1a mét chat dan truyén than kinh quan trong, chiu trach nhiém diéu hoa sy vui vé, thda man ctia hé than
kinh Trung wong. Sw thiéu hut hay tdng qua mirc Serotonin la nguyén nhan chinh ctia cac bénh ly tam ly nhw: trAm
cam, rdi loan lwéng cwe hay hoang twéng. Viéc didu hda ham lwgng Serotonin gilra cac té bao dwoc thuc hién béi 2
t6 hop chinh: mét 1a cac thu thé serotonin (Serotonin receptor) ¢é nhiém vu thu nhan Serotonin dén, va hai la
Serotonin transporter (SerT) vé&i nhiém vu loai bd Serotonin dw thira, va ciing la trong diém nghién ctru clia ching toi.
Tuy hau hét nhitng chirc néng dwoc ghi nhan cta Serotonin déu ndm & hé than kinh Trung wong, nhung phai dén
95% tbng lwong Serotonin clia co thé lai dwoc tdng hop & rudt (Terry, Margolis, 2017). Diéu nay dwa dén mét nhan
dinh réng phirc hé Serotonin, trong d6 c6 SerT, con thwe hién nhiéu chirc nang trén cac bao quan ngoai bién nhung
chwa dwoc nghién clru can ké. Tir giad thuyét nay, ching t6i da thuwc hién nghién ciru trén mé hinh rudi gidm. Day Ia
mo hinh dong vat phd bién béi gia thanh ré, vong ddi nhanh, ma lai ¢ sy twong ddng véi bd gen ngudi [én t6i 75%.
Trong d6, mat kép cla rudi gidm la mét bao quan ngoai vi két néi truc tiép dén hé than kinh Trung wong va thudng
dwoc st dung dé& nghién clru anh huéng clia cac gene trong qua trinh phat trién. Noi cach khac, mét kép cla rudi
gidm la bao quan thich hop nhat dé thuc hién nghién ctru mé dau vé hoat déng cia SerT trén hé ngoai vi. Nghién
clru cta chung t6i cling c6 dé cap t¢i con dwdng tin hiéu Phosphoinositide 3-kinases (PI3K)/Akt. Day la mot con
dwdng tin hiéu quan trong dwoc kich hoat béi Insulin va diéu khién sy sinh trwdng va trao ddi chat cta té bao & hau
hét cac loai dong vat (Bateman 2015; Palomero et al., 2007). C6 nhidu nghién ctvu da chi ra dwgre méi lién hé cla
con dudng tin hiéu nay t¢i sw hinh thanh mat. Trong nghién ctru nay, ching t6i da lam sang té dwoc méi lién két do
ca vé chiéu sau va chiéu rong, gitva SerT, PI3K/Akt va sw hinh thanh mét.

NGUYEN VAT LIEU VA PHUONG PHAP
Cac dong rudi

Rudi dwoc nudi & nhiét dd 25°C & trong thirc an co chiva 0.65% agar, 10% glucose, 4% n&m men, va 5% bot ngo.
Rudi mang gen UAS-dSerT-IR686-1079 (SerT-IR1) and UAS-dSerT-IR1740-1760 (SerT-IR2) dwgc mua tir Vienna
Drosophila Resource Center (#100584; Vienna, Ao) va Bloomington Drosophila Stock Center (#62985;
Bloomington, M§), Cac dong rudi UAS-gfp, UAS-diap1, UAS-p35, UAS-PI3K dwoc mua tir Bloomington Drosophila
Stock Center. Lai rudi bang cach bét 10 rudi cai va 20 rudi duc theo phép lai dwoc xac dinh trude, dwoc dwa vao
trong ciing 1 6ng thirc &n, thu F1 sau 12-14 ngay. Gidm biéu hién gen SerT trén rudi dwoc thuc hién bang phwong
phap lai str dung nguyén ly GAL4/UAS. Rubi cai mang driver GMR va protein GAL4, rudi duc mang trinh tw 13p dbi
(inverted repeat) clia gen SerT ké&m protein UAS. Chi rudi F1 mang ca protein GAL4 va UAS mai bj giam biéu hién
SerT trén ving quy dinh ctia driver GAL4. Viéc biéu hién qua mirc cac gen gfp, diap1 va p35 ciing bing phwong
phap lai thdng thwéng véi cac dong rudi da mua ké trén.
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Nhuém mién dich

Xac dinh sb lwong t& bao dang ting sinh trén dfa mé&t rudi s dung bd kit nhuém Click-iT EdU
(5-ethynyl-2’-deoxyuridine) Alexa Fluor 594 (Invitrogen, My). Cac khang thé sau dwoc s dung: anti-Drosophila
SerT (1:200; S1001-25H, USBio, My), anti-cleaved caspase-3 (1:500; Sigma-Aldrich, My), anti- phosphorylated-
Drosophila Akt (Ser505) (1:200; Cell Signaling Technology, My). Sau khi nhuém véi khang thé 1, mau dwoc rlra va
nhudm tiép véi khang thé 2 phu hop bat mau Alexa488 hodc Alexa 594. Mau duoc gan Ién dia lam va chup dwai
kinh hién vi dién t& huynh quang Fluoview Fv10i-0 (Olympus, Nhat Ban).

Théng ké

Tin hiéu dwgc dém bang phan mém Metamorphs (Molecular Devices, My) va x( Iy bang phan mém Prism 8.0
(Graphpad, My). Mai thi nghiém dwec Iap lai it nhat ba Ian. Nghién ctru str dung ham thong ké Student’s t-test va
one-way ANOVA. Gia tri p < 0.05 dwoc coi la cé y nghia.

KET QUA VA THAO LUAN
Biéu hién cha protein SerT trén mét rudi gidm

Cho dén nay chua c6 mét nghién ctru nao da kiém tra sy biéu hién ctia protein SerT trén mat rui gidm. O giai
doan &u trung, mat cda rudi giam ton tai dwoi dang cac dia phan sinh, sau d6 qua qué trinh bién thai hoan toan
mai tré thanh mat hoan chinh.

Hinh 1. Biéu hién cua protein SerT trén dia mat rudi gidm. (A): Toan b dia mét cta rudi & giai doan 4u trung 3 dwoc
nhudm béi DAPI (thuéc nhudm DNA). (B): Vling posterior ctia dia mat dwg'c nhudm béi khang thé SerT. (C): Twong tw
hinh B v&i ca 2 thuéc nhudém khang thé SerT va DAPIL. Thwéc do: 100 pm.

Chung t6i nhuém khang thé dac hiéu cho protein SerT (mau dd) va nhén thay biéu hién rdt manh cta SerT & day
(Hinh 1), dwa dén kha nang cao rang SerT cé vai trd trong hoat dong ctia mét.

GMR > yw

GMR > SerT-IR1 GMR = SerT-IR2
o # -

Hinh 2. Kiéu hinh méat nham trén rudi SerT-kd. Anh chup méat. Anh chup kinh hién vi SEM mat ctia rudi (A): chirng,
(B): SerT-kd dong 1, (C): SerT-kd dong 2. (A’, B’, C’): Hinh anh phéng dai I&n hon cta ving dwec dong khung.
Thwéc do: (A,B,C): 100 pm, (A’,B’,C’): 30 um
Do d6 ching toi da tién hanh gidm bidu hién gen SerT (goi tat Ia SerT-kd) trén viing posterior clia mat bang driver
GMR-GAL4. Mat cla rudi gidm trwdng thanh 1a 1 t& hop ctia hon 750 mét don gidng hét nhau va sap xép theo cu
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tric xac dinh. Kiéu hinh & hinh B,B’ va C, C’ cho thay tirng méat don da bj bién dang, sap xép chén 1én nhau, gay
nén kidu hinh ching t6i goi la “méat nham”; khac hén so v&i mét binh thuwdng & hinh A, A’. Didu nay khang dinh ré
rang sw thiéu hut cia protein SerT da gay &nh hwéng t6i sy phat trién binh thwong ctia mat.

SerT-kd lam tdng manh sw chét cua té bao

Mét trong nhirng nguyén nhan gay ra kiéu hinh mét nham 1a do sw chét sém cla céc t& bao. Ching toi kiém tra
nghi van nay bang cach nhuém khang thé dac hiéu dbi véi Caspase-3 (mau xanh), mét enzyme xuc tdc manh mé
cho qua trinh pha hily DNA clia nhitng t& bao dang chét theo chu trinh. Hinh 3A’ cho thdy tin hiéu enzyme
Caspase-3 tang manh & rudi SerT-kd, bidu thj cac t& bao dang chét rat nhanh, dac biét I & ving ria phai cia dia
mat, diéu ma binh thwdng s& khéng xay ra b&i & giai doan nay cac té bao dang sinh trwdng va phan chia manh.

GMR; SerTIR
> UASdiap1

GMR > yw GMR > SerT-IR
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Hinh 3. SerT-kd gay chét té bao. Bia mat dwo'c nhudm véi khang thé Caspase-3 cua rudi (A): déi chirng, (A’): SerT-kd.
(B): Db thi biéu dién s6 Iwong tin hiéu Caspase-3 trong viing déng khung, ****: p < 0.0001. Anh chup kinh hién vi SEM
cla rudi mang (C): SerT-kd va chén gene déi chirng gfp, (D): SerT-kd va chén gene Diap1, (E): SerT-kd va chén gene p35.
(C’, D’,E’): Anh phéng dai I&n hon cia C, D, E. Thwée do: (A,A’,C-E): 100 pm, (C’-E’): 30 pm

Dé kiém tra lai vAn dé& nay, ching t6i tién hanh trc ché kha ning chét theo chu trinh cla té bao bang cach biéu hién
qué murc hai gene (rc ché, diap1 hodc p35, vao rudi SerT-kd. K&t qua cho thay nhirng con rudi SerT-kd dwoc biéu
hién diap1 va p35 dwoc “gidi ciru” khoi kidu hinh mét nham (hinh 3D,D’, E,E’), khdng dinh chinh viéc t& bao chét
qua méc da gay ra kiéu hinh mat nham nay.

SerT-kd thic diy co ché ting sinh bdi hoan (compensatory proliferation mechanism)

Sé lwong té bao trong dia mat clia rudi gidm dwoc gitk x4p xi 750 té bao. 750 té bao nay qua qua trinh sinh trwéng
sé tré thanh 750 méat don cda rudi trwdng thanh. Ching t6i gid thuyét néu té bao bi chét nhiéu sé& gay ra thiéu hut
sb lwong 1&n, co ché tang sinh bdi hoan sé dwoc kich hoat & nhirng té bao xung quanh t& bao da chét. That vay,
Hinh 4B cho th4y lwong té bao dang tang sinh (mau d6) dwgc nhudm bdi EJU tang vot & mau SerT-kd, so v&i mau
ddi chirng hinh 4A.

GMR >y GMR > SerT-IR GMR>SerT IR/DmpI e

cells

Ve

]

=]

]
1

Number of Edu-pogiti
=]
g
1

]
I
|
I
1
1
¥
1
»
L}

-

Hinh 4. Co ché tang sinh boi hoan dwerc kich hoat trén rudi SerT-kd. Bia mat dwgc nhuém EdU giip phat hién té bao
dang téng sinh cha rudi (A): d6i chirng, (B): SerT-kd, (C): SerT-kd dworc chén gene Diap1. (D): Biéu do biéu dién sé
lwong té bao ting sinh dwoc dém trong viing déng khung, ****: p < 0.0001. Thwéc do: 100 um
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Nguoc lai, miu SerT-kd dwoc biéu hién qua mirc gen trc ché chét theo chu trinh, Diap1, lai cho thdy lwong té bao
tang sinh khong tang dang ké (Hinh 4C). Bieu nay khang dinh sw chét theo chu trinh cla té bao da xay ra trworc,
sau dé méi dan t&i sw tang sinh boi hoan, chirng minh gia thuyét cta ching téi la chinh xac.

Thém vao do, chung t6i phat hién hinh dang bat thwéng clia nhan & cac té bao noén (cone cell) khi nhudm véi
thudc thir DAPI.

GME:= yw GMR:> SerT-IR

Hinh 5. B4t thwérng & nhén cua céc té bao nén. Nhan cua té bao nén dwoc nhuém véi DAPI cia rudi (A): dbi chirng va
(B): SerT-kd. Mii tén chi t&i cac vi tri nhan bat thwong. Thwéc do: 5 pm

Céc té bao non & giai doan nay cla dia mat rudi gidm duoc xép theo td hop tirng 4 t& bao, qua qua trinh bién thai
sé tang sinh va biét hoa theo chiéu sau, va cudi cung sé tré thanh mét phan cda tirng don vi mat. Hinh 5 cho thay
& 1 vai té hop té bao nén cé sw xuét hién ctia 1 hodc 2 di nhan (mii tén), kha nang cao la do cac té bao nay téng
sinh qua murc do co ché bdi hoan. Tuy co ché tang sinh bdi hoan chi dwgc kich hoat di dé bd sung lwong té bao
da chét, co ché nay dién ra trong dung qua trinh phat trién clia dia phan sinh mat rudi lai gay nén hau qua khé stra
chiva. Chinh cac t& bao tang sinh nay da tdng hop nén qua nhiéu DNA khéng kidm soat, lam nhan té bao phinh ra
(c6 thé xuat hién nhan mai), &nh hwéng t6i sy sap xép cta té hop t& bao non, tir d6 gay ra hinh dang bét thwéeng
clia cac don vi mét & rudi trwdng thanh, va cubi cung dan dén kiéu hinh méat nham.

SerT-kd gay ra kiéu hinh théng qua con dwéng tin hiéu PI3K/Akt

Tiép theo, chiing t6i cin xac dinh con dwdng nao da tham gia vao chudi tin hiéu bt dau tir SerT va gay ra kiéu
hinh m&t nham. Con dwéng PI3K/Akt 14 mot (rng ct vién sang gia béi: (1) PI3K/Akt dwoc kich hoat bi Insulin va
Insulin lai dwoc diéu tiét nher sw cdm (ng clia Serotonin (Galagovsky et al., 2014); (2) PI3K/Akt tham gia 6n dinh
chu ky t& bao béng céach (rc ché sy chét theo chu trinh (Meng et al., 2017).

GMR > yw GMR > SerT-IR
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Hinh 6. SerT-kd lam giam sw hoat ddng clia pAkt. Cac té bao & dia canh cuia 2 dong rudi (A,B,A’,B’): déi chirng
va (C,D,C’,D’): SerT-kd & 2 vung khac nhau
Anterior la viing khéng bi anh hwéng béi SerT-kd. Posterior 1a viing bi anh hwéng b&i SerT-kd. (A,B,C,D): thuéc nhuém
DAPI cho nhan té bao. (A’,B’,C’,D’): khang thé cho pAkt. Thwéc do: 15 um

Khi hoat déng, PI3K sé kich hoat Akt béng cach phosphoryl héa Akt thanh pAkt, pAkt s& di vao nhan té bao dé
thwe hién chrc nang ctia minh. Vi vay chung t6i st¢ dung khang thé dac hiéu cho pAkt dé xac dinh sy hoat dong
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clia con dwéng tin hiéu ndy. Hinh 6D’ cho thay & viing posterior bi anh hwéng béi SerT-kd, tin hiéu pAkt bi giam
manh, so v&i mau dbi chirng (hinh 6A’,B’) hay k& ca ving anterior trén cling mot dia mét (hinh 6C’). Két qua nay
da chirng minh dwoc rang SerT-kd thue sw da lam gidm sy hoat déng clia con dwéng tin hiéu PI3K/Akt. Nhw vay,
véi viéc st dung méd hinh rudi gidm, ching t6i da xac dinh dwoc mét chirc ndng méi cla protein SerT trong quéa
trinh phat trién mat. Thiéu hut SerT gay giam hoat déng con dwéng PI3K/AKt, dan téi ting manh sw chét cla té
b&o. Sau do, co ché tang sinh bdi hoan dwoc kich hoat gay ting sinh khéng kiém soat & nhirng t& bao nén, lam
cho chiing bi chén ép va sap xép sai léch va cubi cung 1a tao thanh kiéu hinh mat nham.

KET LUAN

Day la nghién cru dau tién chirng minh dwoc méi lién két gitva SerT va viéc hinh thanh mét cuia rudi gidm. Két qua
nghién ctru mé ra hwédng nghién ctru cho cac chirc nang maéi cla SerT trén cac bao quan ngoai vi. Trén ngudi,
SerT la dich nhdm cho nhiéu loai thubc chia tri trdm cadm, nhwng nhiéu tac dung phu cta thubc van chwa duoc
giai thich. Nghién ctru nay c6 thé 1a mét goi ¥ cho nhitng nghién clru lién quan dén van dé trén.

TAI LIEU THAM KHAO

Bateman, Joseph M (2015) Mechanistic Insights into the Role of MTOR Signaling in Neuronal Differentiation. Neurogenesis 2(1):
e1058684.

Galagovsky D, Wappner P (2014) The Drosophila Insulin-Degrading Enzyme Restricts Growth by Modulating the PI3K Pathway in
a Cell-Autonomous Manner. Mol Biol Cell 25(6): 916-24.

Meng Y, Wang W, Kang J, Wang X, Sun L(2017) Role of the PI3K/AKT Signalling Pathway in Apoptotic Cell Death in the Cerebral
Cortex of Streptozotocin-Induced Diabetic Rats. Exp Ther Med 13(5): 2417-22.

Palomero T, Sulis ML, Ferrando AA (2007) Mutational Loss of PTEN Induces Resistance to NOTCH1 Inhibition in T-Cell
Leukemia. Nat Med 13(10): 1203-1210.

Terry N, Margolis KG (2017) Serotonergic Mechanisms Regulating the Gl Tract: Experimental Evidence and Therapeutic
Relevance. Handbook of Experimental Pharmacology 239: 319-42.

ROLE OF SEROTONIN TRANSPORTER IN EYE DEVELOPMENT OF
DROSOPHILA MELANOGASTER

Pham Le Anh Tuan
Department of Medical Technology, Hanoi Medical University

SUMMARY

Serotonin transporter (SerT) in the brain is an important neurotransmitter transporter involved in mental health.
However, its role in peripheral organs is poorly understood. In this study, we investigated the function of SerT in
the development of the compound eye in Drosophila melanogaster. We found that SerT knockdown led to
excessive cell death and an increased number of cells in S-phase in the posterior eye imaginal disc. Furthermore,
the knockdown of SerT in the eye disc suppressed the activation of Akt, and the introduction of PI3K effectively
rescued this phenotype. These results suggested that SerT plays a role in the healthy eye development of

D. melanogaster by controlling cell death through the regulation of the PI3K/Akt pathway.

Keywords: PI3K/Akt, eye development, Drosophila, Serotonin transporter.
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