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TOM TAT

Dicarbonyl/L-xylulose reductase (DCXR) 1a mot enzyme thugc nhom dehydrogenase va thuc hién chuyén

hoa L-xylulose thanh xylitol voi su tham gia ctia cofactor NADH hodac NADPH in vitro. Enzyme nay c6 mat &
nhidu loai sinh vat thudc vi khun, ndm va déng thuc vét. Nhitng nghién ctru lién quan trude di cong bd nhidu
két qua v& cAu tric, tinh chat va hoa sinh ctia enzyme nhung chirc ning sinh hoc ctia n6 van con 1 bi 4n va kho
thuc hién trén dong vat mé hinh chuét hay té bao ngudi vi co nhiéu gen dong dang DCXR. Rt may mén, trong
nghién ctru trudce ching t6i da khing dinh ring trong hé gen tuyén tring (giun tron) mé hinh Caenorhabditis
elegans tu nhién chi c6 mét gen ma héa DCXR d6 1a dehydrogenase-21 (dhs-21). Vi vay, Ce.dhs-21 va C.
elegans 1a m6 hinh thuan loi cho nghién ctru biéu hién va chirc ning sinh ly ctia nhém enzym DCXR. Nghién
clru nay xac nhan su biéu hién cia gen dhs-21 & mirc in vivo. Ching t6i dd xac dinh va thuc hién chuyén ba
trinh tw promoter va gen dhs-21 vao vector tai t6 hop gén Green Fluorescent Protein (GFP). Nhitng vector tai
t6 hop do dugc chuyén vao trong giun ludng tinh dhs-21(jh129) va C. elegans N2 bing ky thut chuyen gen vi
tiém (microinjection). Két qua cho thdy promoter p2 diéu hoa biéu hién cua gen dhs-21 én dinh va gidng véi
tiéu ban immunogold Electric Microscopy (EM). dhs-21 biéu hién trong giun ludng tinh va giun duc tir giai
doan phdi thai cho t&i khi giun chét. DHS-21 xuét hién & trong t& bao chat cua t& bao rudt, té bao biéu mé bng
sinh duc (gonad sheath cells), té bao utse (uterin seam cell).

Tir khod: Biéu hién cia gen dhs-21, Caenorhabditis elegans, chuyén gen bing k§ thuat vi tiém
(microinjection), dicarbonyl/L-xylulose reductase (DCXR), green fluorescent protein (GFP), promoter, tuyén

trung mo hinh.
MO DAU

Dicarbonyl/ L-xylulose reductase (DCXR) thugc
nhoém aldo-keto reductase va xudt hién & rét nhleu
sinh vat bac thap cho téi sinh vét bac cao. Trong ndm
men, nd thuc hién chuyén hod L-xylulose thanh
xylitol theo ca hai chiéu nguoc va xudi. Trong nhém
sinh vat tién hoa hon bao gém dong vat, DXCR xtc
tac chuyén hoa L-arabinose trong con duong trao ddi
chit (oxy hoa khir) oxy-reductive L-arabinose
(Fonseca et al., 2007).Trong sinh vat bac cao, DCXR
thuc hién xtc tac phan tmg chuyén hoa dudng trong
trao d6i duong vi du nhu glucose (Kaneko er al.,
1997). Sy thiu hut DCXR giy ra hoi chimg
Pentosoria (ndng d¢ L-xylulose va/hodc xylitol cao)

va gy ra chan doan nhim bénh tiéu duong ¢ nguoi
(Lane, Jenkins, 1985).

Céc chat carbonyl thudong dugc tao ra trong qua
trinh trao ddi chit va oxi hod ndi bao (Busch et al.,
2010). Trong sb d6, cic phan tir mang nhém a-
dicarbonyl ¢6 d6 hoat dong cao va c6 kha ning két
hop v6i cac thanh phan quan trong trong té bao dé
tao ra nhitng phic hop bi duong hoa AGE
(Advanced glycation end-products). Ham lugng
AGE thuong gin lién v6i bénh & than va ldo hod
som. DCXR khtr phirc chit mang a-dicarbonyl nhat
dinh, cac aldehyde va ketone xuét hién noi tai hoac
xam nhép vao co thé (Nakagawa ef al., 2002).

Ngoai ra, DCXR biéu hién manh trong ung thu
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tinh hoan vi vy né dugc sir dung nhu 1a mot chi thi
trong chan doan ung thu tinh hoan & ngudi (Cho-
Vega et al., 2007a). DCXR dugc xac dinh biéu hién
trén mang tinh tir do vay né dugc cho la c6 thé gitp
cho tinh trung dung hop véi triing (Cho-Vega et al.,
2007b).

Maic du cac nghién ctru da xac dinh DCXR vai
tro hoa sinh in vitro va dy bao vai tro sinh 1y cua
chung nhung chua c6 thuc nghiém chung minh vai
tro sinh 1y cua enzyme nay. Chung ti tim thiy gen
dhs-21 dong dang duy nhat cia DCXR trong hé gen
cua sinh vat mé hinh Caenorhabditis elegans (C.
elegans) (Brenner, 1973). C6 1& két qua nghién ctru
dhs-21 trong C. elegans sé la co s& tham khao cho
cac nghién ctru DCXR & cac dbi tugng khac. Trong
nghién ctru nay ching t61 trinh bay phuong phap va
két qua xac dinh promoter didu hoa sy biéu hién ctia
gen dhs-21 trong giun C. elegans N2.

VAT LIEU VA PHUONG PHAP NGHIEN CUU
Vit liéu

Céc ching giun dugc st dung bao gdm: C.
elegans N2 (nhdp tir trung tdm giun Caenorhabditis
Genetics Center (CGC), Hoa Ky) (Son, 2015) va
dhs-21 (/h]29) (Son le et al, 2011). Cac ching vi
khuén bao gdm E. coli OP50 (nhap tir CGC) (May et
al., 2009) va DH50a. Tat ca cac hoa chit ding trong
thi nghiém la Aldrich-Sigma va nhitng enzyme gidi
han ctua hang Roche va New England Biolabs (mua
tir mot s6 chi nhanh phan phdi tai Han Qudc). Cac
vector dugc sir dung pPD95 75 va pPD95_77 (tham
khao tai http://www.addgene.org/kits/firelab/)
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X4c dinh loai protein

DPé dy doan dugc dhs-21 mi hod protein nio,
trinh ty amino acid suy luédn tir thu vién cDNA duogc
so sanh v&i ngan hang trinh tu protein (theo dir li¢u
trén NCBI va wormbase). Tiép dén, trinh tu amino
acid DHS-21 dugc so sanh vdi DXCR cia nguoi va
ho chuot béng chuong trinh Clustal X.

Tao vector biéu hi¢n Ex1, Ex2 va Ex3

Ba trinh tu promoter tai dau 5’ cua gen dhs-21
trong genome dugc phan 1ap bang ky thuat PCR. Dé
c6 DNA tong sO ciia hé gen , ba ca thé giun dugc
nhat vao 6ng PCR c6 20 pl dung dich phan giai (30
mM Tris pHS, 8 mM EDTA, 100 mM NacCl, 0.7%
NP40, 0.7% Tween 20, 100 pg/ml proteinase K).
Ong dugc  lanh 60 phut & -86°C trong ti lanh hodc
vai phat & -196°C bang nitrogen 16ng . Nhiét d6 lanh
lam ran nut 16p cutin bén ngoai bao boc co thé giun
va phd v cac té bao. Tiép dén dng miu dugc 1 nhiét
60°C trong 30 phut; 95°C trong 15 phut; 04°C trong
10 phit biang may PCR (Applied Biosystems
GeneAmp PCR system 9700). Két qua DNA duoc
giai phong khoi té bao giun (Ahringer, 2006).

Céc primer dwoc thiét k& cho mdi trinh ty
promoter véi cac dau 5’ gan thém trinh tu cat Hind
I va dau 3’ gin trinh ty cit Xbal (Bang 1). Chu
trinh nhiét dé khuéch dai mdi promoter bing PCR
nhu sau : bién tinh DNA ¢ 95°C trong 03 phut; 20
chu ky PCR (bién tinh & 94°C trong 02 phit; gin
mdi & 70°C trong 30 gidy; phan tng kéo dai san
phim & 72°C tir trong 03 phut); kéo dai san phdm &
72°C trong vong 04 phit; ha nhiét phan Gng & 04°C
trong 10 phut.

Bang 1. Cac cap mdi (primers) dugc st dung. Cac mdi dwgc gén thém nhirng trinh tw nucleotide cét béi enzyme gi¢i han
Hindlll, Xbal, Pstl va Smal twong tng. Trinh tw nucleotide dwoc bdi dam va gach chan la vi tri cat cia enzyme gidi han.

Tén mbi Trinh tw (5'>3") Chiéu Phan (rng PCR
Hindlll F1 CCCAAGCTTAGTTGAAGAACATCAG Xubi p1
Hindlll F2 CCCAAGCTTGATGAAACGGTTAG Xubi p2
Hindlll F3 CCCAAGCTTACTTGAGAGAGCCAT Xubi p3

Xbal R3 CTAGTCTAGACATTGTTTCGTCAGATGATA Nguwoc p1, p2, p3
Pstl IF AAACTGCAGGAG ATTAAGAAATG Xubi gen dhs-21
Smal IR TTCCCCGGGGTTATTCGAAAATC Nguwoc gen dhs-21
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San phim PCR dugc chuyén vao vector pPD95_75
gitta vi tri HindIIl va Xbal. Khi vector tai t& hop hoat
dong GFP dugc tong hop. GFP phat ra mau anh sang
budc song xanh 509 nm vé6i dinh 540 nm khi hip thu
song huynh quang 395 nm véi dinh 470 nm (Chalfie et
al, 1994). bé khong lam dot bién va thu duoc sb luong
16m vector, mdi vector tai to hop dugc chuyén vao trong
té bao kha bién DH50 va nudi cdy trén moi truong LA
(LB broth + agar) ¢6 bd sung 50 ng/ml ampicillin.

Tao vector Ex4 [p2::dhs-21::GFP]

Toan by gen dhs-2] trong cosmid
WRMO062¢A12 dugc nhan 1én biang PCR; san phdm
nay c6 mang trinh tw cit ctia enzyme PstI tai dau 5°
va Smal tai ddu 3°. Gen dhs-21 dugc kiém tra trinh
ty dé dam bao khong co bat ky dot bién trinh ty
nucleotide nao sau khi gin vao vector pPD95 77
gitra Pstl va Smal.

K§ thuit chuyén gen vi tiém

K§ thuét vi tiém duoc st dung dé dua céac vector
tai to hop vao trong té bao tring dung hop chua thy
tinh trong budng trimg giun ludng tinh C. elegans
N2 & giai doan 4u tring L4. D& biét giun co tiép
nhén vector sau khi vi tiém, vector pRF4 mang rol-6
dot bién troi gdy ra kiéu hinh roller dugc vi tiém
ddng thoi. Xuat hién F1 voi kiéu hinh roller thi
chimg to thi nghiém chuyén gen vi tiém thanh cong
(Evans, 2005).

Biéu hién ciia gen dhs-21

Cac dong giun dugc nudi trong dia NGM
(nematode growth medium) bao gdm: 3 g NaCl, 17 g
agar, 2,5 g peptone, 975 ml H,0O, 01 ml IM CacCl,,
01 ml 5 mg/ml cholesterol trong ethanol, 01 ml
MgSO, va 25 ml KPOy) c6 nudi trdi E. coli OP50.
Giun duge dua 1én tiéu ban va chup anh bang kinh
hién vi huynh quang (kinh soi ndi Zeiss c6 gin
ngu(‘”)n tia cyc tim (UV).

KET QUA VA THAO LUAN
dhs-21 ma hoa decarbonyl/L-xylulose reductase

Dya vao phan tich trinh ty ¢cDNA, DHS-21 cé
251 amino acid , thudc dang dehydrogenase tiéu biéu
vi ¢6 nhidu dic diém twong ddng véi dehydrogenase
vi du hai trinh ty twong ung vdi G8-XXX-G12-X-
G14 dau N 1a vi tri lién két v6i cofactor (Grimm et
al., 2000) va Y155-XXX-K159 va S134 trinh tu
trong trung tdm phan ung (Nakagawa et al., 2002).
DHS-21 ¢6 trinh ty amino acidtwong ddng véi
DCXR cua chugt (Nakagawa et al, 2002) (chudt
nha: 48% gidng tuyét d6i va 67% giéng tuong dbi;
chudt Norway (Ishikura et al, 2003) 49%-68%) va
DCXR cua nguoi ( (Ishikura et al, 2003) (47%-
68%) (Hinh 1).

40 *

MoDCXR .l ELAGCGRRINLVTGAGKG IGRETVLIA LINAAGADVVANSRINND LD VRECPG VEPVC VD LN H 65
RaDCXR | GLAGRRRLVT AGK REITVLA T @AA TV A . : 65
HuDCXR T . . MIE) LAGRR*LVT AGK R’TVEAL AT J N ADLPSLVRECPGE IEPVC VDL [CH : 65
CeDHS-21 : MP Y DET D T IVENEIN S Olepeinr T CiE SiEA KINEFNO \VERAE AN EANIRT [Sifviea T T SIERY T IIPIVGEVS 68
G G G
80 120

MoDCXR HI 7\ TEOA TSI VGNPV DHLVNNAAVAIREOPELE YV TRE A DY /NERAVIOVSQOIVAKGMIARGVEG 129
RaDCXR BN P VDELVNNAAVARTOPENE YV THREAGDIN 'NRAVVQVSQI\’ARGMIARG\‘PC 129
HuDCXR NPVDELVNNAAVAIREOPELEV TKEAIND /NERAVTIOVSQOIVARGHIARGVPC 129
CeDHS-21 GERATNHA T GOEgRO@S T8 2| N C 136
MoDCXR 197
RaDCXR 197
HuDCXR 197
CeDHS-21 204
MoDCXR

RaDCXR

HuDCXR

CeDHS-21

Hinh 1. So sanh trinh tw amino acid ctia DHS-21 v&i DCXRs. Mo-mouse (chudt nha), Ra-rat (chugt Norway), Hu-human
(nguoi) va Ce-C. elegans va ma DCXR lan Ivot la Q91X52, Q920P0, Q7Z4W1 va Q21929. Trinh tw GxxxGxGx, R gan ké

NADH hodc NADPH. Trinh tw Sx,, YxxxK gén L-xylulose.
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Tao Vector tai to hop pdhs-21::GFP
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Hinh 2. X&c dinh promoter. D% I&n clia cac promoter tr sén
pham PCR (A). Céac dong vi khuin cé mang promoter dugc
cét béng enzyme giéi han Hind IIl va Xbal (B). C1, C3 va
C4; C5, C6, C7, C8 va C9; C12 la nhirng vector Ex1; Ex2;
va Ex3 mang promoter p1, p2 va p3 twong rng; mk-thang
tiéu chuan dd 16n vach DNA; ct-di chirng.

Théng thudng cac promoter didu hoa hoat dong
phién mi cac gen mi hoé protein mang tir 12 dén 21
trinh tw TATA trong khoang 2-3 kb va nim giita gen
quan tdm va gen ding trudc nd hoic mot phan cia
gen ding truéc né. Thém vao d6, phin mém
PROMO duoc ding dé tham khao thém vi tri bam
clia mot s6 yéu té phién ma. Vi vay, bang cach phan
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doan tir hé gen, ba trinh ty promoter 1 (1052 bp), 2
(2027 bp) va 3 (2988 bp) (goi tat 1a theo thir tw pl,
p2 va p3) nam ngay truéc nucleotide A ctia ma khai
dau trong gen dhs-21 dugc chon.

Ba promoter dugc khuéch dai tir hé gen béng
ky thuat PCR (Hinh 2A), sau d6 dugc cit bang
enzyme gidi han va gén vao vector pPD95_75 ¢o
GFP bang DNA ligase. Tung vector dugc bién
nap vao té bao E. coli DH5a dé tao dong khac
nhau va do vdy c6 thé ting luong lén vector
giébng hét nhau. Két qua, ba vector tai to hop
twong Ung ExI, Ex2 va Ex3 di duoc thiét ké
(Hinh 2B). Vi pl, p2 va p3 dugc phan lap ban
dau bang k¥ thuat PCR nén c6 thé mang mot dén
vai do6t bién diém rai ric trong trinh tu
nucleotide. Cac d6t bién nho rai rac dugc cho
rang anh huong khong dang ké toi kha ning didu
hoa biéu hién ciia gen. Thém nita, viéc tim mot
promoter v&i tir hai dén ba ngan nucleotide
khong c6 bat ky dot bién diém nao s& mat nhidu
thoi gian. Vi vy nhirng biéu hién cia gen dudi
su diéu khién cua promoter c6 tinh twong ddi.
Tuy nhién, dé biét hon sy chinh xic cua biéu
hién ciua dhs-21 dudi sy diéu khién promoter
(Hinh 3), két qua immunogold EM (electron
microscope) cling dugc so sanh (Hinh 4).

Hinh 3. Bleu hién twong ddng clia gen dhs-21 trong N2 va dhs-21(jh129). dhs-21 (mau xanh) biéu hién trong t& bao biéu mo
ngoai cla 4u tring L1 (A), utse (miii t&n ngan) va co quan sinh san (mdi tén dai) (B), co quan sinh san dyc (mi tén) (C),
rudt con lwéng tinh (D) va con dwc (E). Biéu hién clia dhs-21 trong rudt &u tring L1 (F), rudt (mui t&n ngén), va co quan sinh
san dwc (mii tén dai) & tudi trwdng thanh (G), co' quan sinh san cai (mii tén ngén) va utse (mii tén dai) (H). Thudc do 50
hoac 100 ym.

Biéu hién ciia gen dhs-21
Téng s6 210 c4 thé dot bién dhs-21 (jh129) duoc

vi tiém, 60 ca thé duoc vi tiém véi ExI, 62 con véi
vector Ex2 va 108 con v4i Ex3. Sau vi tiém, mdt sO

362
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03 c4 thé kiéu hinh roller mang Ex3 tir thé hé me PO
duogc chuyén gen bang vi tiém. Tiép tuc theo ddi cac
thé hé tiép theo F2 va F3 bang chi thi GFP dudi kinh
hién vi huynh quang cho thay cac dong dugc chuyén
Ex3 biéu hién GFP rit yéu va mit hoan toan & thé hé
F2, F3 va F4; dong dugc chuyén Ex] khong biéu
hién GFP; nguogc lai, 05 dong mang Ex2 biéu hién
GFP bén vimg. Tir rt nhidu thé hé, biéu hién cua
dhs-21 dwoc xac dinh & trong phan té bao chat cua té

bao & rudt va co quan sinh san cua ca thé ludng tinh
va duc lién tuc trong toan bd vong doi. dhs-21 con
biéu hién ¢ t& bao co quan sinh san duc va utse
(uterous seam cell) cuia con ludng tinh ¢ giai doan
truong thanh (Hinh 3A-E). dhs-21 duoc biéu hién &
cac té bao biéu bi ¢ giai doan du tring L1 va L2.
Biéu hién 6n dinh nay xuit hién & ca hai nhém dong
chuyén gen c6 ngudn gbc tir dhs-21 (jh129) va dong
tu nhién N2.

Hinh 4. Anh immunogold EM dwoc nhudm béi khang thé khang DHS-21.

Ru6t cua giun lwdng tinh N2 (a) va cda dong dot

bién dhs-21 (jh129) (b). Co quan sinh san clia N2 (c) va dhs-21 (jh129) (d). Thwéc do: 02 pm.

Pé biét mod hinh biéu hién cua gen, vector Ex4
[p2::dhs-21::GFP] dugc tao ra bang cach gin gen p2
va gen dhs-21 vao vector pPD95 77 (c6 mang gen
GFP). Két qua 1a mé hinh biéu hién cua gen dhs-21
khong khéac nhau giita Ex4 va Ex2 khi dwoc chuyén
vao giun dhs-21(jh129) va N2 (Hinh 3F-H). Vi Ex4
va Ex2 1a cac vector ngoai lai nén can kiém tra d6 tin
cdy cua biéu hién dhs-21, trong mot nghién ctru khac
(khéng mb ta chi tiét trong nghién ciru nay), ching
t6i dd so sanh véi immunogold EM (Son le ef al,
2011) va két qua cho thiy hoan toan tuwong ddng
(Hinh 4).

Vi p2 c6 thé didu khién biéu hién gen & té bao
rudt, co quan sinh san va utse, nén p2 cé thé dugc
dung dé biéu hién gen khéac v6i dhs-21 ¢ trong té
bao cua rudt, co quan sinh san va utse. Pidu dic
biét 1a chwa c6 cong trinh cong bd nghién ciru vai
trd cua utse, mot ciu trac chi dugc tao tir mot té

bao duy nhét trong s6 953 té bao cua co thé giun
ludng tinh (Sulston Horvitz, 1977), vi vay p2 mo
ra mot cong cu dé nghién clru b1eu hién va chtc
ning cia gen chi biéu hién trong té bao dung hop
utse.

KET LUAN

C6 nhirng phuong phéap khac nhau xac dinh biéu
hién ciia mot gen. Phuwong phap biéu hién protein
phat huynh quang (GFP, RFP va YFP) do promoter
nhit dinh diéu khién cho phép nhin dugc vi tri, va
thoi diém phat trién ma gen dugc biéu hién & mirc do
bao quan. Pay la mot trong nhimng tinh chit quan
trong va thudn lgi khi sit dung C. elegans lam mo
hinh khi nghién ctru di truyén phan tir. Trong nghién
ciru nay, chung t6i da dy doan promoter cia dhs-21,
sir dung enzyme gi6i han dé tao ra vector tai to hop
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mang gen gfp va promoter d6. Khi promoter hoat
dong, GFP duogc biéu hién, d6 cling chinh la biéu
hién ctia gen chu dinh dhs-21.

Loi cdm on: Chung t6i cam on sy tro giup cua Gidao
sw Jae-Ran Yu tai truong dai hoc Koonkuk va Ti ién
sy Gunasekaran Singaravelu tai Vién Nghién cuu
Waksman, Hoa Ky vi nhitng dong gop khdc trong
nghién ciru nay.
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REDUCTASE IN CAENORHABDITIS ELEGANS
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SUMMARY

Dicarbonyl/L-xylulose (DCXR) was identified as a dehydrogenase. This type of enzyme was presented in
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various forms of lives including bacteria, fungi, plants and animals. Generally, it converts L-xylulose to xylitol
in the presence of either cofactor NADH or NADPH in vitro. Previous studies reported the biochemistry
properties and crystal structure but largely uncovered biological roles of DCXRs. It was impossible to dissect
the functions in mice or human cells that had many DCXR homologs in their genomes. Interestingly, the wild-
type Caenorhabditis elegans, a well-known model organism in biological research, has only nuclear genomic
dhs-21 that encodes a unique homologous DCXR. Thus Ce.dhs-21 and the host C. elegans were relevant for
investigation of the physiologically-vital functions of the DCXR. This research aimed to the expression of
dhs-21 in vivo. We defined three promoters , manipulated three relative reporter-constructs that conjugated the
dhs-21 gene and Green Flouresent Protein (known as GFP) one. The construct vectors were transferred into
wild-type C. elegans N2 and as well as the hermaphroditic loss of function dhs-21(jh129) by microinjection. In
the results, we found that the expression pattern of dhs-21 under the only p2-promoter construct was stable and
similar to immunogold Electric Microscopy (EM) images. The dhs-21 gene was expressed in both sexes of at
all larval stages till the deaths of worms. DHS-21 was expressed in the cytosol of the intestinal, gonad sheath
and uterous seam cell (utse).

Keywords: Caenorhabditis elegans as a model organism, dicarbonyl/L-xylulose reductase (DCXR), expression
of dhs-21 gene, microinjection of genes, Green Fluorescent Protein (GFP), Nematode, Promotor
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