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We investigated microRNA (miRNA) biogenesis of Epstein-Barr virus (EBV) which is the first virus
shown to produce viral miRNAs. As expected, expression of all the reported EBY miRNAs were de-
tected by Northen blot in an EBV-infected B cell line, B95-8; BHRF1-1, BHRF1-2, BHRF1-3, BART1,
and BART2. The putative EBV pri-miRNAs and pre-miRNAs predicted from the known mature EBV
miRNA sequences were detected by RT-PCR in B95-8 cells. Many animal miRNA genes exist as clus-
ters of 2-7 genes and they are expressed polycistronically. As the EBV miRNAs are clustered in two
regions of the EBV genome, we examined whether these clustered EBV miRNA genes are also ex-
pressed polycistronically. A long polycistronic transcript with the expected size (1602 bp) correspond-
ing to the BHRF1-1~BHRF1-2~BHRF1-3 was amplified. However, any polycistronic transcript con-
taining both BART1 and BART2 was detectable in BY5-8. These results suggest that EBV miRNAs may
be processed in a similar way with animal miRNAs and that some of the clustered EBV miRNAs can

be transcribed polycistronically.

Key words — EBV, miRNA, biogenesis, polycistronic

MicroRNA (miRNA)E 2125 52 QEfo]= Zolg) =
& @Y 7t RNARZA 32 mRNA¢] 3 UTR (untranslated
region) F71M Ao Arste] AA F dANA FRALH
& ZAste 2EAA|T237]. mrpAE(C elegance)l
lin-48} let-7 522} 22 0] A& non-coding RNA©| ™3],
4474 mRNAS] 3 UTRS] 23510) w412 $88 o)
gohe Aol B A WA miRNA §3219) £3)7F 4L &

AA7] AReAT2]. A% olddE A, #, 23, 7]

Ad T EE 1% $4E9M miRNAZL HAHS T 58
«1 miRNAE & A9 g Ao LA it
A

ksl

TG {FRAA Apolo] EABANT HE JEE Yo
t—xﬂﬁf}‘:}[ﬂl- e 5E miRNAESo] Alse £4
27 o]} A FHXAEE o] Fo] WA EAl
WVER) I 0] 52 polycistronic 3474 AXH 27 M7 FAME
Bk LA TH14, 31). S29) miRNAS a3} 44
AA F @A 9 processing 3 S AT 19]. £, miRNA2
27 AA) &)l primary miRNA (pri-miRNA)E &) U
o] A Drosha¢t DGCR8 B¢ o] o8] slojdl 7125 z2te
60~80 7E 2Elo]= Zo]ol premiRNAE A3 2tH9,10,
12,18]. ©] pre-miRNA+ exportin-5/RanGTPased] 2js) A
242 93, AT A A Dicere] oJsf of 21 wEH L

I
e
o g Ao

ox
L o &

*Corresponding author
Tel : +82-2-590-2396, Fax : +82-2-532-0575
E-mail : sukklee@catholic.ac.kr

Ejo]= Zo]o] A4<a miRNAZL WHE0] A A ©eh4,511,15-
17,20,32,33]. Dicerdl] 23] Z#H 2 443 miRNA= miRNA-
induced silencing complex (miRISC)E 4= A @l g &
2gAe Yshy, BARAAS JuHe Fxe Aol
e 2ol GA I8 nRNAE A2 9, $ed
A XA HA oA §98 gAsA Ao
Epstein-Barr Virus (EBV)E FaAS 2ty 9=
H}Olﬁi*i WY gag, W AYE, 547

Fa

3L

, 2k

B % ANTAE 923 5 A5 33 % Yusas
H Ag

o
h=)

7 %.‘%ﬂ 3 4
;d;(—]ﬁ]-/\}ﬁ

olHAREE AHEL =
E Aol B3 EHATH25]. EBV &4 lﬂ?laé YIZ A Lo
B95-8 EBVE 7+ AA latency M Zd 4= e
ZHE 123 small RNAE 3t £A3 A oF 4%
©] RNA7} EBVE R ””0174 Aol LA ATH25]. =
3t EBVo] 7+d ¥l B 4| X E¢)A] BHRF1-1, BHRF1-2, BHRF1-3
9} BART1, BART2 5 ¢} EBV miRNA 24 o] Northern blot
oz ZolgQt} o] Ao F o]o] Pfeffer 5& EBVI} &
i gle oE syl s gis) HAFEHE o] &3

o

71N g BAHS Bl miRNAY 7h5Ae) SlE 47148
£¢ o= ¥ nio]@x mRNAEY &4 4R g



910 YFASPIX] 2005, Vol. 15, No. 6

A3 33 §9f uholg]2 miRNAE A &o] st FrH24]. o]
£ njo]g) 2 miRNAE Y] g7)1M L2 vlud 23, TEAZ
miRNAE 9] @71 G5 AlE 49 wjgo] e & BEFH
o sle AFe g, 2 sysntolg o &3 uloly
259 miRNA @715 ge Holgx rlith M2 da2x
miRNA7Z} 2} vpold & Alw Aol Ydehve £95 3 &2
50 94 gue IvEE AHE ¢4 HAdd At
Rl FEHZ miRNA7} RNA polymerase o] 93]
Arbgta g8z Aos AolstA she-2 dujzntolg 2
Q] MHV-689] miRNAE % Y% RNA polymerase III9]|
g3 HAEgE AT ERAHAT o4 AHEL vlo]d
29 mRNAS 0] 7]Zq] ©
0e 53¢ /Hge AL gAE

Hy¥ 5 29 EBV miRNA MEES EBV AsY F ¥
2o 25 S 3 WA 91X = BHRFI f34 2
22 BHRF1-1 A €& 5  UTRY ¢} BHRF1-2¢} BHRF1-3
ANEe 3 UIR B9 248}t & EBV miRNAEQ
BART1# BART2+= BARTs (BamHI-A region rightward
transcripts) 4219} SIER REo| A5 FlAH
2 #A3t= ol & EBV miRNAEC] §& A ¥ mRNAE
3 frAkSHA polycistronicgt sfute] HAAZ HALEEA] of
R AEdoz WAE 0g 449 mRNAZ F45EA
< olA ¢8A A gk £F, ol F vlo|# 2~ miRNAE:
SE4 % mRNAET} o] pri-miRNA % pre-miRNA &7
£ AA 48 miRNAZ 9HEojAeA d19 b7} gich

B E=BoAE EBV F4 B M¥2q BI5-8c)A EBV
mRNAES] B¢ AGAST, ol o] FEALY fAIR
miRNA 44 A& AA FEA=AE &sly] H3) d
TA 4 pri-¢ pre-miRNAd] ¢ RT-PCRE AA515h 2
i EY2HE ojF= FEMNET miRNA geneS3 o]
EBV.miRNAEE polycistronicdtA] AALE =R 2AFMGTh

Xe o

NEZ Y2t

EBV %A AlEF9l BI5-8 M EFE 10% Fetal Bovine
‘Serum (Gibco, Grand ‘Island, NY), penicillin-streptomycin
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miRNA ® Sense primer 5°->3° @ Forward primer 5°->3° @ Reverse primer 5°->3"
BHRF1-1 TTTTCTATGTGGGGGTGGAA AACCTGATCAGCCCCGGAGT TGTCAACCTCTTCAGGCCCG
BHRF1-2 CCATGGGGGCTTACAAGAAT AAATTCTGTTGCAGCAGATAGC TTCAATTTCTGCCGCAAAAGATA
BHRF1-3 CCATATCTACAATTGGGTGT ACGGGAAGTGTGTAAGCACA TAACGAAGAGCGTGAAGCAC
BART? TTGCCTCGGCATCTCCTCAC GTCTTAGTGGAAGTGACGTG AGACATAGTGGATAGCGGTG
BART2 GCAGTCAGTTATTTTGCATG TTTTCTGCATTCGCCCTTGC TATTTTCTCCAAATCGCTCC

Fig. 1. Primers used for the amplification of the putative EBV pri- and pre-miRNAs. For the pre-miRNAs, both forward and re-
verse primers were designed to be located within the hairpin sequence. For the pri-miRNA, sense primers were designed
to be located to the 27 bp upstream from 5" end of the pre-miRNAs.
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Fig. 2. Expression profile of EBV miRNAs in B95-8. Northern
blot for EBV miRNAs was performed using total RNA
isolated from B95-8. BJAB was included as a negative
control. The expression of human miR-16 was assessed
for reference. Equal loading of RNA on the gel was
monitored by ethidium bromide staining of the 5s
rRNA band before transfer to the membrane.
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Fig. 3. Amplification of the putative EBV pri- and pre- miRNAs
by RT-PCR. RNA isolated from B95-8 was used for the
reverse transcription reaction. The produced cDNAs
were amplified by PCR using appropriate primer pairs
shown in Fig. 1 for pri-miRNA or pre-miRNA. As a
negative control, reverse transcriptase was omitted dur-
ing the reaction. DNA was included for PCR reaction
as a positive control to show the expected size of each
amplification product. (A) To detect putative EBV
pr-miRNAs, cDNA was synthesized from total RNA of
B95-8 using an equal mixture of random hexamer and
oligo dT. (B) To detect putative EBV pre-miRNAs,
¢DNA was synthesized from small RNA (< 200 nt).
Random hexamer was used for pre-BART1, pre-BHRF1-2,
and pre-BHRF1-3 in the reverse transcription reaction,
while sequence specific primers were used for pre-
BHRF1-1 and pre-BART2.

reverse primerS A48 414 cDNAE PCRof AL&3F 2
7 GA FEAEE A& 5 UNT(Fig. 3B). AFo) AHEH
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A7t dojubEAE RT-PCRE ZAMSMSYTH WA BHRF1 &
Aol 37 UTR B4 9X)3= = 719 EBV miRNAEQ
BHRF1-2¢} BHRF1-3 &5 Z38le AAAE 28 &
%1 BHRF1-29] sense primer9} BHRF1-39] reverse primer
Z(Fig. 1) ©]-£3}<] RT-PCRS A A|84T}. 1 A7} BI5-89]
A 223 bpg] 7IHE = PCR A4 Eo] 915 ] chFig. 4A).
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AA R 1 A3 DNAS 5Y8 A7]9 A7 89l
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£33 413 Wi o2 RT-PCRE AA)3¢ ) B95-8ojx] &
218 DNAZ AF8% A$ BART1# BART2E %33}E 16
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dre A FFE Eo] §IATh(Fig. 4B).
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Promoter for BHRF1
/ 53759: TATTAAC

BHRF1-1: 53762~53783, + _BHRF1-2: 55176~55198, +

BHRF1-3: 55256~55278, +

= = BHRF1-2~1-3 (223bp)
- ~e=: BHRF1-1~1-2~1-3 (1602bp)

1602 bp Jp- 18

BHRF1-2~1-3 BHRF1-1~1-2~1-3

BART1: 151640~151660, + BART2: 153205~153226, +

Region deleted in B95-8
exons 1B, 11, [Il, 1IIA, 1B, IV

e -=: BART1~2
(1613 bp)
RT
M D +
1613 bp P
BART1~2

Fig. 4. Amplification of the polycistronic transcripts encoding
EBV miRNAs. (A) Genomic positions of EBV miRNAs.
BHRF1-1 is located at the 5" UTR (untranslated re-
gion) while BHRF1-2 and BHRF1-3 are located at the
3 " UTR of the BHRF1 mRNA. The indicated sequences
were amplified by RT-PCR using primers for BHRF1-
2~1-3 or BHRF1-1~1-2~1-3. (B) BART1 and BART2
are located in the intronic regions of the BARTs (Bam
HI-A region rightward transcripts) gene. A putative
transcript containing both BART1 and BART2 was am-
plified by RT-PCR using an appropriate primer set. As
a negative control, reverse transcriptase was omitted
during the reverse transcription reaction. D indicates
PCR products from DNA, which served as a positive
control.
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1-2, 139} pri-miRNA S} BHRF1 mRNAE RT-PCRZ &3
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E RT-PCR Z3= 9olA d9d Z2RE %] 44 & 13
g go ALY F& A7k YR AT ANB.

BARTs & CST (complementary strand transcript) £+
BARFO RNAsZ 22t} B95-8 A€ 150,641 $) %0 AA} A]
24 (transcription start site)o] EAJ351H splicings 3 4
o]% 16 749 Mz o AAAZ ¥4 H6,8,30,31]. BI5-8
X wild type EBVS} vl E w) Fig. 4o A1 E nulA g
BARTs9] exon IB, II, III, IIIA, 1B, IV si3&t= 12 kb &
T 7 24 E o] 9tk BART12] 7% exon 13} exon IA A}o]
9] intron B9 o &A™, BART2¢] A exon V &9 in-
tron £-9joll ZA st BI58 X AAl® F-91E BARTL 3
BART2 4 @ole F&E vx|A gerh3l]. 12 kb7t AHA1 €
B95-86] A]3= BART1 3} BART2 A}o]7} 1,643 bp AEE F O
], B95-89] DNAE A}-8-3 PCR A#} 7|Ujs e 27|19 55
2AE-o] Aolzth. 121} BART1# BART2 miRNAS 6] o
Z+zbo] pri-miRNAS} pre-miRNAYF EF #ls = A
2] BART13} BART2E £ t} T Fs}e @A & RT-PCR
Z%o| ¢l YAt} ©|3& BART1z} BART27} polycistronic
3 AL Z gHE oA A 82 splicing Ao oJsjA F
miRNAE 25 F3shs A7 228 g S2%F &4
A A7) MEY 4 ok ®E o] F miRNAE & BHRFI-
1~12~1-3 miRNAE¥+= tEH polycistronico] o
monocistronicdlA AALE 7] WlEd 4% Aok vk o] F
miRNAE-©] polycistronics} Al 2FETHH 1 8 go] M2
A gE2A g AR VdEY] gEd EE o 24
9] AW L B3t} EBV miRNAE % BARTLIS O A3y
£ HHH BART2:= i &A%To] &2 B} ofg} o35
£ BART2 pri-9 pre-miRNAT FA HAEHE AL o] F
miRNAE©] monocistronicdtA AALE 75AE XA &e

O e
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A 74A] EBV miRNAd] thgt epAl Az} 704 &
TR E urt gloh. @A EBV miRNA9Le] 671G 4R A4
o 7)%38te B2, p53, CXCL12, CXCL11 5 % 7}A] #-A44
Eol BMl R FAHAT2S] FHE TR g4 F14

S8 v)$ tpekdl 715-g sl go g 50| AW EBV miRNA
o o5} Ly 2HE TS A B A7 23]
g Aoz o4dact. EBV miRNAE©] polycistronics} A
ZZ90%d 15 miRNA o3 F&o| ZAHE target f
HAEE M2 A4S 71 249 Aol EBV miRNA
50] polycistronic3} 4] ZHEo2H B A ¢ nlojyx

FRAASEE 5] RO R ZHs= Zo] EBVY latency
AU AT FAHE, AT F4 24 59 2§
Zolt}.

2 o

$3E nlolg 225 H2E mRNAE Ao 20
thalo 2 EBV miRNA bio-
genesisE A7t WA EBVY] #9¥ B ¥ BYS-8E R
B Hug 5 £9 EBV miRNAE¢ BHRFI-1, BHRF1-2,
BHRF1-3, BART1, @ BART2 257} 24d® S ols9).
7 9E d5H EBV miRNA MEZYH o &5+ pri- 9}
pre-miRNAE ¢} B95-8o§ A ZtZt 725 o] EBV miRNAS
oI5] 97 FEAE mRNASH AL 44 3 445158
Ad 7FsAE AU A Fol 2~7 A4 23t
EAste FEXE miRNAEH FAMSHAl EBV AlE9] 2 &
el 2AsjA EA)3= EBV miRNAE S polycistronic} 7|
dHE =X ZARE 23 B95-89)4 BHRF1-1, BHRF1-2 ¥
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