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Abstract: Diarrhea due to Escherichia coli (E. coli) infection is an important problem in pig production especially
in pre-weaned period. It is responsible for considerable high economic losses. The E. coli susceptible or
resistant pigs were presented or absent specific receptor on brush border of small intestine and associated with
adhesion or non adhesion of bacteria to the receptors, respectively. In this study, brush border adhesion test
was used to classify susceptible and resistant phenotype of piglets. Differential display reverse transcription
polymerase chain reaction (DDRT-PCR) was performed with 12 combination primers (dT,,VG anchored and
aribitrary primers) to identify differentially expressed genes in brush border between two phenotypic groups.
The results showed that adhesion values of the susceptible and resistant piglet group were 32% and 7%,
respectively. The results of DDRT-PCR analysis showed a total of 512 cDNA fragments and had band size from
150 to 570 bp. Average cDNA fragment were 42.67 cDNA bands per a primer combination. Twelve specific
bands revealed differential expression between two piglet groups. Out of these, 7 bands were only expressed in
susceptible phenotype where as 5 bands were only expressed in the resistant piglet group. Five cDNA
fragments were successfully cloned and sequenced. Three clones (ZP18B3, ZP24B2 and ZP18B1) showed
homology with Dipeptidyl-peptidase | precursor (DPP/),  S-Adenosylhomocysteine hydrolase (AHCY) and liver
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porcine EST (AK232914), respectively. Two clones (ZP01B1 and ZP17B1) did not show any homology and were
identified as novel gene. These ESTs could be used as candidate genes for further investigating of the resistant

and susceptible to diarrhea in pre-weaned pigs.

Keywords: Brush bor, ahea, DDRT-PCR, E. coli K88, pre-weaned pigs

uNARsa: Tiﬂﬁma’qﬁﬁmmmmﬂéﬂ Escherichia coli (E. coli) Lﬂuﬁmmzﬁqﬁmhﬂmmv]ﬂﬁummﬁmmﬂu
ﬁvﬂmﬂwmuu liiinAngrdemaAssgialuseiugs Inadnenzaueeuue m@mmmumumm@
E. coli Iumniuu mmmnmsﬂmngm@hﬂmﬂgmaéu (receptor) 1 brush border 793usaN&1anI899NENT &4
fAnduiugiunnsd sy ldeiee 1Ereade £ coll WnaAnsARLE NI ANLEN UL AN BLLsE
e E. col Tugngnsszaznaume il gnauuningdd adhesion test uavmAtia Differential display reverse
transcription polymerase chain reaction (DDRT-PCR) mﬂmﬂﬂumiﬁ'uuﬁuﬁLLzﬁm@’ﬂﬂLmeﬁiNﬁ/ﬂu brush
border m@mﬂzﬁm‘mm\m@u Tmﬂmmiwsmmmmu 12 ﬂ (dT,,VG anchored Hag arbitrary pr|mers) HANT
NA@AL adehesion test wmmmmmﬂwmm@mmmLﬁm E.coli K88 Ttlefifusinsiininnzanaide £, coli fu
brush border Wiy 32% Elummvmnimmnwm FINUN1 ummmu 7 % (P<0.05) NARINNNTAANIEY
meawmm‘immm cDNA-DDRT-PCR el lnsesianane mmsmwummmmu CDNA 7ifaunalusgag 150-570
bp fuauau 512 unu mumvmmmnu 42.67 unusiag wsias wenaNuaL cDNA wﬂﬁﬂgummaﬂu
(differential cDNA fragment) svmﬁmmmm\m@u 21U 12 unu Tmﬂﬂmng@ﬂuﬂ@mm@ﬂmi‘wmmmw
B TNLLAZE ULOFBLTE E. coli KBS 411914 5 LAY 7 WOl ANLANFL Lm‘@mma‘lﬁumq@ DDRT-PCR #4na13 gn
TAaL LATAAETAN SRRl A Teilifiee 5 Taauiisvannanugnsa e 3 Taaw (ZP18B3, ZP24B2 uay
ZP18B1) wWudmilew (homology) fugin Dipeptidyl-peptidase | precursor (DPP/) g S-Adenosylhomocysteine
hydrolase (AHCY) way EST ?{ﬁma‘mm@@ﬂ‘mﬁm@mm (AK232914) mnua1sy g9uan 2 Taau (ZPO1B1 uay
ZP17B1) wudnfluginlug m”Lmﬂmﬂg@ﬂ‘luﬁmmumm GenBank mﬂummummh ] candidate gene
AMTLANENANEIUZAMNAIUNIU ViTRANERULAARLTS E. coli wLﬂummm@\ﬂmmmmﬂu@mnﬂmvwmu
nelnunsialy

AvdATy: 13A7189999 gnansnaueinun Brush border, DDRT-PCR, E. coli K88
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AMUIUNIN A gNENTAABINITIBITWAINNA

Taaviasfaalugngnssraznaunerumiy dfupmaanansolumsiiaimztesida E. coli K88
ﬁﬁyma‘?wﬁmﬂﬂ'wémﬂfqmm‘wmmmmﬁmqm nel ﬁumﬂqéﬂﬁ%u@f;ﬂiﬁ”ummﬁuuﬂiﬂﬁqﬁuqniiumﬂq

fnldgnansluszaziounduuniageiie 27 gnedeanansarianasmisiugnesal (Francis et al,
wlefidus (Python et al, 2002) %qﬁé@mma An 1998) ﬁﬂwmxﬁmu@ué’qaﬁuﬁ@fguu@@‘imiaﬁm (Hu
Escherichia coli (E. coli) h antigen i1 K88- et al., 1993) %qmwﬁqgﬂixudwé’fq'méiuu‘im‘iuimuﬁ
fimbriae FegnusndianziLasy (receptors) 1’7{@@: 13 2894 n7 (Python et al., 2002) Lwﬂuﬁ@ﬂﬁuﬁ £ialal

UW  brush border 1asntiianldidnaesgnsliesng  awnsaszyadnlddnguladusveiuiazaaesannu

RNZANZad (Van den Broeck et al, 2000) e FUMLsanE T ANFANUNNLYTaaeLLe D lsATiBeTaa

panang ansnainalalad uaznanansivlineesu  Tugnansls atdnelsfinu fafu (receptor) 2410
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E. coli K88 1 brush borderwmu\'imw‘ﬂm@ﬂmmm
L‘ﬂuﬂﬂ_lLL’Q@’]WEUIH‘JJ%L@HNH@W muummﬂmmq
HAsdaanIs LN ANLLANFATRsE LR Lansean Ty
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AndEun1uuaeauLesieide £.coli K8s lu

border 1849gngns lusraziaunt MUNNL
&
\Haesiu

L4 aa
AUnsaluazIang

ANINAADI
- Y e, . .
nNsANEATIN I anansTlusTaTnauMe U
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Fu 2 areug Aa

o

d‘ rd’l A

fang 14 Augnuies wazans
§n19n19AN (Large White X Landrace) 31191 6
fa (ufas 3 69) gnansiugiudesldfuaeiy

ayLATTHAINAUER At LAz NN Ui An i@ ealna

awnaduilines Aawmdnmeslud 4 miugngns  ane
Wugn1eni9An tiFumanneyiaszdanvfugns
NATENERIANARST AUSINEATANARST NUIINLNAE
e lugd mmﬁwmaﬂLﬁuéﬂiﬁﬁﬂlumquﬁu
(jejunum) ) it lusnuda elimagennsiianizaes
L°]]'a E. coli 11U brush border uaz L‘L&@L?;Imlmmiﬂ an

muumgﬂmu%wgmmu _80 °C \iier0ain RNA
sl

nsauuniWlulnillugns

sfiAnnzaei@e E. coli M brush border
vuntdednldresgngnsfugnnaaeulaeia Brush
border adhesion test MNATNFUD Python (2003)
e £, col aneiug 0157 fafinnsuanseanaes K88
fimbriae
NITUNNE NIENINANEITNGY  LTIAA brush border
ananlfiandoniaqiin gnuasdniusad £, coli
uaztinliliafigninnd 37 °C w30 wiil anntutiy
dounanmananalinsiasiunisganizaneliindes
qanssail (ight microscopy) Taeilasifusinistininig
w8948 E. coll fu brush border WANTURINNTEN

11 brush border A191 40 [IAR LATATUIDIAIGAT

IFuaanayAsziaInnINdngans
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wesiduinnstiane =
AW brush border NgnEiaNy

Inel E. coli laus 2 imagauld  x 100

brush border A1 40 Ta8

1271491 brush
v Xy~ . e e
E. coli frawsigaaaasaly Junnnan 10 % ApdnHanteu
deruesiala Ecoll Uit brush border gnElamysoeie
E coli fauwsigeamasaulyl iamnuiesndn 10 % 4min
AnINlANE IS aIE £.coll (Python, 2003)

= v X
border NEIALNIZAILILTD

N199LATIEY DDRT-PCR

Aot RNA 189648 brush border an
prlaan1&\&n gnafinalaeld Trizol reagent (Invitrogen)
LAZ24A genomic DNA filuilonaendas DNase |
(Promega) riauuein RNA lHiiignsane RNeasy mini
Kit (Qiagen) Fiaaeine RNA gns gninliAwmsnziuntiy
AugaseanuAnAaiuluTad brush  border 3531974
nauARN LI Fuwnu uazseuuesiede E. coli Tng
fwmAila DDRT-PCR mN8A8n132849 Bauer al.
(1993) T meazReaf TuneuULINAUATEY first
strand CDNA a"Nf98ging RNA Gtlsenanigng RNA

et

UM 1 ug, oligo dT, VG 473w 100 pmol lu
fums 12 ﬁﬁquumuﬁm@miﬂﬁuﬁ@mmﬁ
70 °C 1flmaan 5 17 wasudluiuda wu 3w
mﬂﬁfwﬁmmumwmmu%ﬁ Superscript-lll reverse
transcriptase AU 8 Farlszne/lildas . dNTPs
QU3 10 UM, DTT a1uau 10 mM taulmsl RNase
Inhibitor
Superscript-lI
AU 200 units luansazane 1X first strand buffer

(Promega) A7uau 10 units waziaulasl

reverse transcriptase (Invitrogen)
(invitrogen) ﬁﬂdqummu%\mmiﬂﬂmﬁqmmﬁ 50 °C
Wuiaan 1 4alu mﬁﬁumﬁﬂﬁﬁ?mmmmuhﬁﬁ
goAMNH 70 °C WU 15 W71 UAZIABANANTATAN first
strand cDNA #ingl RNase free water Tugisngdau 1 : 5
98819 cDNA gﬂﬁmmmmm%wmﬂiuL@Q@

DDRT-PCR fagilfjfizen PCR Intldlnsimas aqmau
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Table 1 Nucleotide sequence of DDRT-PCR primer.

Primer Nucleotide sequences Nucleotide sequences

ZP1 Forward 5-TACAACGAGG-3 Reverse 5-TTTTTTTTTTTTVG-3’
P2 Forward 5-CTTTCTACCC-3’ Reverse 5-TTTTTTTTTTTTVG-3’
ZP3 Forward 5-TTTTGGCTCC-3 Reverse 5-TTTTTTTTTTTTVG-3’
ZP4 Forward 5-GGAACCAATC-3’ Reverse 5-TTTTTTTTTTTTVG-3
ZP5 Forward 5-AAACTCCGTC-3 Reverse 5-TTTTTTTTTTTTVG-3
ZP6 Forward 5-TCGATAAGGG-3 Reverse 5-TTTTTTTTTTTTVG-3
ZP13 Forward 5-GTTTTCGCAG-3 Reverse 5-TTTTTTTTTTTTVG-3
ZP15 Forward 5-GATCCAGTAC-3' Reverse 5-TTTTTTTTTTTTVG-3
ZP16 Forward 5-GATCACGTAC-3 Reverse 5-TTTTTTTTTTTTVG-3
ZP17 Forward 5-GATCTGACAC-3 Reverse 5-TTTTTTTTTTTTVG-3
ZP18 Forward 5-GATCTCAGAC-3’ Reverse 5-TTTTTTTTTTTTVG-3’
ZP24 Forward 5-GATCTAGGTC-3’ Reverse 5-TTTTTTTTTTTTVG-3’

12 v;j(mmq‘ﬁ' 1) Ufjisan PCR gmm?‘ﬂﬂuﬂ?mm
20 S afldounandal CDNA WU d1uau 2.0 ul,
dNTPs 200 mM, MgCl, 1.5 mM, oligo dT primer 1
UM, arbitary decamer primer (lﬂ’]i’mﬁl 1) 0.2 uM ag
wulod Tag DNA Polymerase (Invitrogen) an191d 1
unit Ufjisen PCR Qﬂmu@uﬁ'fqmmﬁ 9 °C w3
wnft uazsudaafiguuni 94 °C w30 Aundl
grunnd 42 °C ¥ 1 Wi/gMOR 72°C w1 Wi
Taengndnuau 50 sau wazgavineUnlizen PCR
Sgnumnil 72 °C W 5 w7 wisanifuin loading
buffer (formamide 95%, NaOH 10 mM, bromophenol
blue 0.25% WAz xylenecyanol) U 6 wl adlu
NOHAR PCR  rioutinltuenaunatudan DNA 11
denaturing polyacrylamide gel electrophoresis (6%)
Tneldinaaln 50 W fluaan 5 dalus uazthusuag
lel&fandae silver staining uazauuLHwAaliufdae
Lﬂdﬁll‘ﬂ\'i gel dryer (Amersham Bioscience) cDNA
Sz e Bunnaneiugnesudmiulaaudng
pGEl\/I®-T easy vector (Promega) waaunldAinsnzsd
WANALTUENIIH
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N5 NUS NN LAY DRRT-PCR wazALAS1ZY
amuiandlalng

101 DDRT-PCR ?{ﬂmﬂgl,l,mﬂﬁmﬁmwdw
gnsfiitulnddunnu vilesenuesiaide £ coli gn
faanuduaa uazinldduluansazana 2 x  PCR
buffer Tignuugfl 95 °C lwnan 15 Wit uazial3i
g 4 °C fuAu ileuenuaL DNA 88na1niaa
ansazantuaL DNA 7114 anlfiduuduuy dvsLiiia
13304 DNA sl §3en POR Tl Inaiedaipa 7
AIIANLAMALANANITBUAL DNA  Tudumennnsg
31A9129i DDRT-PCR  HANARA PCR ﬁiﬁqniﬂawﬂ’l’ﬂ@j
pGEM-T easy vector (Promega) Wazalmsnziansy
‘W“uqmm (Nucleotide sequencing) équﬂ?}m
Automated  Sequence CEQ8000 Genetic analysis
system (Beckman-Coulter) %’ﬂﬂg@ﬁﬁﬁuﬁuﬁqmiumﬁ
gnilaBeumeuiugudeyates GenBank  fiae
T1lsunss BLAST (Altschul et al., 1997) IaeiNa13euN
ANNARNEIARY (identity) ANNAN E-value T9RaafiAN
Haendn 1e-10 uaz/v3al overlapping region 11NNIN
100 bp FiRAN identity 11NN31 80% Asazdiadndan
AEARITURENIIT A AN NETA
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HANITNARIRY

maesmunilulnidfisumunazsaunasaida
E. coli lugngnsnauneiuu

HANNINAGBL adhesion test Tugnansszey
AAUNLILHN (mwﬁfi 1) wudlafidusinistinnnzaes
e E. coli fufaiuaes brush border HABEsE1d
4-41% wazlesiduimsfiaimzrede £, Col Tugn
gnaddnmzeauLe WL wanseiuetned]
Wad1Atyn1eana (P<0.05) Imﬂgn@mﬁﬁﬁﬂwm:
gouueRelle HANAALLZINNI 32 % (25-40%) B9
wulugnaanewunieniadn luauziigngneiia
anunidumusiede E. col SAneagsznn 7 %
(4-9%) ?ﬁlqwﬂuqmﬁuﬁ:ﬁmﬁm Fanndi 2

msauwungulaevaiin DDRT-PCR

NIRRT EUT unseenLANANITY
lubrush  border 284gngnandii ulnilfiumuside
genuanelie £, coli K88 faeinaiia DDRT-PCR lag
¥lnswes S1u9m 12 4 wuuau cDNA  fidauin
lasting 150-570 bp S1AURWINA 512 wOL Tntwsiaze
Tnsied ansnn@muny cDNA WRaus 21- 84 uny
faflAmaawing 42.67 wnu/lnswed un1sfinm
p5ailmatla DDRT-PCR dnsnsnmsaanLiuay cDNA 7i
dsnguansineiussiinenguaesgngnandf tulng
Funuuazeeuuesiels £.
band 9138 specific  band) 911433 12 way (WA 3)
TpeFiaang DDRT-PCR 41uau 5 uny Usngaet
1uﬂz§u°n@q§ﬂzgﬂi17irﬁ”mumuﬁim‘%@ E. colikes dqld
anglwsies dT VG-ZzPe,  dT VGZP13  uaz
dT VG-ZP18 §7191u 1 U0l (340 bp), 1 WAL (460 bp)
LA 3 UDL (296, 230 WAz 220 bp) ANAAL 41T
Witesuang DDRT-PCR fisngranizlunguansgn
zgmﬁfd@w,mim%@ E. coliK88 Hanuau 7 unu tngmwy
angjlwsms dT VG-ZP1, dT VG-ZP17, dT, VG-ZP18
way dT, VG-ZP24 RUK 1 WOL (194 bp), 1 ko
(188 bp), 3 u0L (530, 297 UAY 262 bp) UAT 2 UOL
(350 WAz 309 bp) AMNAAL

coli K88 (non-shared
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amuiiandlalnaaauau cDNA-DDRT-PCR

wisnsmanaly \ana cDNA-DDRT-PCR
wansaanuaNsaiuly brush  border 4899NgNINI
Ayl umnsiseseuuesaide £. coll K88 S

L =)

12 uny gninauidng vector  waZALATITIAIAL
Todlelng lunsfnuafeiimifies 5 (42 %) uow 7
szaupnudfalunislaau e ZPO1B1, ZP17B1,
Z/P18B1, PZP18B3 way PZP24B2 AINNANITIATIER
fduionaTelndreuny cDNA 11 5 Taaw i
ANNENITBILAL cDNA Bgj3eudne 162-283 bp Tael
andufionalalnsaeanny cDNA
Sequence Tags, EST) %ﬁﬁumﬂa"mgmimﬂfﬁd
anchor LAY arbitrary primer UaziianReuifien g
tiamdlalvsiaes EST mmﬁﬁugmﬁﬂyjm GenBank
NU4N EST  anuau 3 Taau (zP18B1, ZP18B3,
zP24B2) wileuiugwlugdeya Inalnau zP1883

(Expressed

wiaudy g Dipeptidyl-peptidase | precursor (DPPI)
ga9ln (GenBank accession no. XM_417207) 99 %
(identity) FalAn E-value  Winfu 9e-121 Tuanugi
TAaW ZP24B2 ARNafuE S-adenosylhomocysteine
hydrolase 1848N? (AJ427478) 87 % (identity) wazi
AN E-value Winriu 2e-14 413U EST-ZP18B1 AdNel
iy EST ﬁLL@ﬁx‘i’ﬂﬂﬂI‘LAﬁU"ﬂ@x‘iZﬂﬂi‘ (AK232914) 98 %
(identity) TneifiAn E-value Winfu 2e-140 d2w ESTs
AU 2 TAau (ZPO1B1 waz  ZP17B1) vuTandu
Hamalelnd imileudugu e EST lnlugudeya
U89 GenBank (mmq‘ﬁ' 2) Tnes EST ¥4 5 Tnaw fanana
T wuiennZlungaresgngnanaiiuindeeuase
L%’ﬂ E. coli K88
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Tsaviasdaaniinannia £, coli lugngns
sraznauvenun dududuilnmndAnyatinaninias
nelfiinAngadeniapAssgiasegmamngsunig
nangns antloymasnanarinliinisldendfdoaus
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Figure 1 Adhesion of K88-E. coli to receptors on brush border (x40).
(A) Adnhesion of E. coli K88 to the receptor. Arrows indicate adhered E. coli cell.
(B) No adhesion between K88-E. coli and the receptor.

Percentage (%)
40 A

35 1
30 A
25 1
20 1
15 A
10 A
5 -

——

P<0.05

0 T
Susceptible pigs

Resistant pigs

Figure 2 Percentage of adhesion of K88-E. coli to brush

border on porcine small intestine.
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| A9 ) o \ o
T"Jﬂsl,uﬂ']i‘ﬁﬂLZ\]@ﬂﬂ;ﬂ‘i‘Wunwqum@I?ﬂWﬂ\iirJ\? N

o

Faadnefszaunanudnga Aanisldieseanune
T&IL@QM@\W‘LA alpha 1,2 Fucosyltransferase (FUT1)
iefnEenAN I EINLRaTe E. coll F18 Ty
annnrelsATiadsaesgngnslussasudantun
(Meijerink et al., 2000) Lmemuﬁmmma‘mme

ﬁ@qéqq‘lugﬂqniﬁ@uuﬂmuuu ummmmnm@
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1 2 3 4 5 6
(A) - .
susceptible  resistant
lL.ds il
> h..._ | —
dT,,VG-ZP24
Figure 3

1 2 3 4 5 6

(B)
susceptible  resistant
I BL 1

i-ﬂ.i;;; <
F ]

Y4t VGZP18

Differential display banding pattern of individual piglets obtained with the

primer combination dT,,VG-ZP24 (A) and dT,VG-ZP18 (B). Arrows

indicate

the position of differentially expressed cDNA bands of brush

border cells from susceptible and resistant pigs.

Table 2 Sequence similarity and characterization of differentially expressed transcripts.

EST* Length Homology Species % similarity E-value
(bp) (GenBank accession no.) (bp)

ZP24B2 283 Dipeptidyl-peptidase | precursor chicken 99% 9e-121
(DPPI) (XM_417207) (228/230)

ZP18B3 262 S-adenosylhomocysteine hydrolase Pig 87% 2e-14
(AHCY) (AJ27478.2) (84/96)

ZP18B1 273 EST expressed in liver pig 98% 2e-140
(AK232914) (264/267)

ZP17BA1 162 No homology - - -

ZP01B1 170 No homology - - -

* EST = expressed sequence tag.

Funn uareauuasiala £ coli K88 aNnHANA
NARAL brush border adhesion wudﬁ@ﬂzgm“ﬁ'ﬁ
Funizdeuue Tulefifudnnsdainzaesda £ col
(37 %) Q\mfjﬂ@m\gmﬂ@mﬁr?”mumuﬁifm%@ E. coli (7 %)
ae19TladAtyn19ada (P<0.05) Imm@mgmﬁﬁ
anwnizinumusiede £ coli K88 wulugnaiug
fudles  daugnansfislanumizdeuuasieda E. col
kes  wulugneseiugnenisdn fesanadasiu
189U AR Baker et al. (1997) 1ag Sellwood (1980)
flseudnnsfainyaeaiEe E. coli K88 #U  brush
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border lugngnsanaiugnianisAn duualifugenan
Augngnaiug e

duFunNIATN U LaAIRanUANFNlL
w188 brush border anutisan lfidnaesgnanslusses
Aauvtuy AR INT A unuLazdanLesalTe
E. coli K88 #aeimATian DDRT-PCR lunnafnen Al
WULV’]?:@\?MN’]F;IINL@Q@ DDRT-PCR ANUIU 12
iaeang uAtszauaudnsalunisinay uas
Fipszvidnd Tealelng sy 5 Taaw luduouil

3 {Pau (ZP18B3, ZP24B2 uax ZP18B1) Hansw
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AamalelnAuileuduiiu Dipeptidyl-peptidase |
precursor  (DPPI),
hydrolase (AHCY) waz EST ﬁLL@ﬁdﬂﬂﬂuﬁUﬂJ@mn?
PANANSY dau EST 4uau 2 Taau iwderiu srduil

g S-Adenosylhomocysteine

apdlena mieuiugu vive EST lalugudayazes
GenBank & wiUEuDPPI  videdndeuiGandn
cathepsin C il cysteine protease ”luﬂajmvl,@‘isﬂsnu ‘71'
Hauan i lunsdnTuianasesnsnezi luasssafing
aanannldsiuvizeagnsdyna s ( (Hsiung et al., 2005)
mﬁuummm &4 DPPI m@mwmwmmmmnum?
mw‘lﬁumq@miwuma brush border mu@mmum
Wulnalalilsmiu (Francis et al., 1998; Grange et al.,
2002) WALIMENEANABNIE AN IRaTR E. coli K88
futladn1fiAnresgnansluszazioundun aannag
T R TN TG RO N T (comparative gene
mapping) I¥UINALLAYANT WudEu DPPI lugns
aguulastulonii 2 dwiudu AHCY meaguu
Taslulondt 17q22 Fadselinsuumuinviing as
BvianasefIILTeLTAR brush border RETRATIELAN
1994 n39ei19dn1au atvlsfiann Tuaudiu AHCY
AYUANNITH amaulayd S-Adenosylhomocysteine
hydrolase %dﬁuwm%ﬁi@mﬂﬂﬁlﬂu S-adenosylhomo-
cysteine (AdoHcy) 11iflw adenosine (Ado) uaz
L-homocysteine  (Hey) lwifjfsenlalaslatalu
s19nnsuanatnidUfisenlalaslaiases
S-Adenosylhomocysteine £ Rendesiunsvuounig
DNA methylationiu?idﬁ%ﬁm%ﬂﬁ'm (Hermes et al.,
2006) FOUHANNIATIANLUOLEY AHCY  39inns
uansaaniugad brush border 1asgngnsfiiiitulni
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