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Human herpesvirus 6 (HHV-6)IZX->Tad—Fa&ns
protease L NN assembly protein O fE#t

Analysis of a virus protease and assembly proteins
coded by human herpesvirus-6 (HHV-6)

KRR ZFEZFRNER

Department of Pediatrics, Osaka University Medical School

P2 INELE
Tomimasa Sunagawa

(Y% : ) H o RBRER)

(Er1 041 A 27 HEAT)

The genomic region encoding U53 of human herpesvirus 6 (HHV-6)
variant B has been cloned, sequenced and expressed in E.coli.
Transcriptional analysis indicated that U53 encodes a full-length
protease (PR) and two assembly protein precursors (pAPs). Next the PR
and the AP domain (downstream of R-site plus pAP) were expressed as
GST-fusion proteins in E.coli. The recombinant HHV-6B PR cleaved the
synthetic peptides YIKASEP, which is a mimics of the release (R)-site
sequence in the U53. Severalprotease inhibitors were effective to inhibit
its activity. PR was detected both in the nucleus and cytoplasm, but AP
was observed in the nucleus. The result of immunoprecipitationindicated
the existence of both maturational and release site, and interestingly,
antisera for both proteins co-precipitatedwith the major capsid protein,
suggesting the strong association of the carboxyl-terminaldomain of U53
with the major capsid protein.
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B B
Human herpesvirus 6 (HHV-6) |3 HHV-6A

BELUWHHV-6B O =D @ variant i/ EHI N3,

HHV-6A 13&#IC 1) > /SERIE L AE B E O KM
XD BESNZA, O variant DFMHITONT
BRABHDOEETHS Y, i HHV-6BIZHRAIC
AIDS BEXOBEEN Y, TORERMUERZ O
FRERTHBZENHASMERo Y, RITHHV-
6B |3k 4 RERIRRE L D E RS, W<D
MAOFERBTIIHRE L OMESEZREEINTNSD
5.6.7.8)

Human cytomegalovirus (HCMV) ZB§L T
i FHFLOWHTAINAFDSY -7y hELTAL
RATA AR @ EITRE SN TW 3 serine
protease (assemblin) DFEIBATE D AJFEME & &
RENTNB MO A2 1) ZFD serine
protease ([ZHAELD ™7 1 ) A D serine
protease £ 2 RELZ/HHERAL TNDEEX
5., protease B 5 & . protease fEEIANIC I — K
TN T3 assembly protein precursor (pAP)
NRERNEHELTHSNTWS, Kif HCMV
O assemblin D% GRS h, ThicED
WAV ARIORRENERZEBIEE 20D
DGR

4 ER A IEHHV-6B 2B 2 Z OFEBRIZ DN
T® mRNA OfEHT 217V PR.pAP % KIBE TR
B EHEEMRITICAY, e FICRBLES
N/ PR MLTE + §1pAP M2 & > THMIT 2
ATz
VR 3
1) V1 IVABLUME

HHV-6BHST ¥k & —#DORRICA W=, T

IR BUERS ICREB L BIRRMML K D B S
N, WHM ) > /SER (CBMCs) &L=, W
1l f1 3K D A A ifn BLAZER & T-1) 2 /XER% cell line
T 5 MT4 % virus DNA, RNA D%, &I
BEICHW .
2)DNAQZOQ—= ey —ox vy
Martin & DA EIZ K D virus DNA 28 L 72

19, HIREEFED—DTH S Pst1 (Takara Shuzo
Co.) IT&XEMFL pUCI9icrZO—=F LT,
Z® fragment D—2OTH 3 4.5kbDWiFZ2EL
7 0—>®pSTY16 IZDWTHERITZ2{T-o /=,
deletion mutant 1) — X Z{Epk L kilo-
sequencing kit (Takara Shuzo Co.) IZ&bD ¥ —
DI UAEToR. EDT—H13 computer
program DNASIS (Hitachi) ic& W fi##rL. F
BINET7I/BO—7 T ACELTE
SWISSPROT & National Biomedical Protein
Identification Resource databases % i V> Tt &
LOHBEITo .
3) Complementary DNA (cDNA) 514735
) —DED X UM

SRS BAER I HHV-6B %%, 72 BRI IC
AGPC 12 & D total RNA 2457z, HWT
oligotex <dT30> Super (Roche) ZMHW\WT2[H
ICEDFERL, mRNA 2@l 7z, §ohis
mMRNA DS %5 ugﬂ % template IZfit L 7z, cDNA
D&k oligo (dT) 1ug 2754 —ICHW
SUPERSCRIPT Choice System for cDNA
Synthesis (GIBCO-BRL) 2L 7z, #EWTHE
5 #1172 cDNA T EcoRl, Sall &HlIlREEE I ZH
T357 457 —%fML T plasmid vector
PGAD424 IZHA L. ZCOCDNASA 75 —
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% electroporation {12 & U KBFE DHb5a (28 A
L w7,

ZDCcDNA 14 751 —izxt LT, U53 ORF
® mRNA D i % f# 49 %7291 colony
hybridization % fifT L 7z, PCRE# B3k O single
stranded DNA 7O—7 (25ng) % multiprime
DNA labeling systems (Amersham) %W\ T
[a-¥*P]dCTP (Amersham) iIZ TR > ¥ L7,
TO—TDERICANETSAI—DRIE
®13US3 ORFH 852-883F H DIEHE Y = ST
5'-ACGGATCCTTATGAGTAATCAAAATCTG-
CCAAATACTACC-3'&, 1177-1153 & H DELS
T»H 5 5'-ACGTTTTCGGTTGACGATAACCG-
TG-3"T& 1, template & L TIZEEHAMAa X © 7
Bt L 7z virus DNA 2l /e, TOMBIZAP &L
THFREINEHIORY 3256 HWEZI— RT3,
colony hybridization I3 ¥EIZHE > THET S 1.
A0 ) == E Nz cDNA B HIFREER /X &
— YLk pREn, REMZCDNAZY—J T
JAIRKDESITRITLI,

4) Northern blot MR#7

HHV-6B &% MT4 fifd & U /= mRNAIZX D
Northern blot % fifT L 7z, %7 mock-infected
MT4 g & 0 %7 total RNA Zxt#8 & LT
Liz. 72056 13> 7)NicDE lug ® mRNA
F 7213 20 pug @ total RNA % #1€ 4 denature
U, 72V A7 T E RTIVic K 2BRkENIC it
L7z, i\ THybond™-N+3+110> A>T L >
Iz blot L, 5xSSC. 5xDenhardt's solution,
0.5%SDS, 50% formamide, 110 pg/ ml ®
denature N7z Y 7 ¥§T DNA 2k & T 5
hybridization buffer 2T 48°C, 3 KD

prehybridization 217> 7z, multiprime DNA
labeling systems (Amersham) % f\xT PCR
YW H KD single stranded DNA 7O—7 (&
25ng) % [a-*?P] dCTP (Amersham) TN
DoP Uk, &70—T2GRT2EDITHN
7 IAR—DY— I T ARUTOED T
template & U TIZEREHAL &L D 58 L /= virus
DNA ZHW\W/=, 7O0—71 : U553 ORF 5-24 &
H O EE Y % 8T 5'-GTGGGATCCCTAAA-
GTTTGGGTAGGTGG-3'8 KU 668 bp i 5
R-site (690) DEAME TEZEY 5'-CGGTCGA-
CCCTATGCTTTAATATACGTACATTTAG-3,
7Oo—72 :697-719bp &L 5-TAGGAT-
CCCACCGGTGGAGATTATTGTAGC-3B LUV
U53 ORF @ terminal site & ¥ 94-73 bp Fift®
HEZE 5'-ATTCGCCATATACCTTGTCA-
G-3., TNETNOblot ERI )V LizTo—T
& 3£1Z 48°C Tovernight ® hybridization 2174,
ATV OPEEIIEIRITT 2xSSC, 0.1% SDS
T 2@, 65°C. 2xSSC, 0.1% SDS # 211 [E],
RI#%1Z 65°C, 0.5xSSC. 0.1% SDS T 1 EIfE{T
L. 0% -80°C TX-ray filmica># sk
L. @il

5) 7514 X — &k

Fig. 2 T/RL f:‘ﬁﬁ IZ & Bk oligo—nucleotide
Td 5 ab-full (5'-CGGTTCTTCACCATAG-
AC-3) BX UL ab5-pAP (5'-CGGTGGACTT-
GACAGCAAAG-3") O T4 IX—&HEL.
[RD41 (Aloka) itk EKIEEF)NLE, &7
S4T—IZDWTld total RNA 31 ug 22 Th
20 ulik T 1xfirst strand buffer (GIBCO/BRL),
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1 mMdANTP OIREIZEE L 70°C T 15 7 fHma
U7z, M#g, SNhahiz7s513—&
Superscript [ ¥ 5-B3#% (GIBCO/BRL) 200U
DEETT42°CTE0 D7 =—V > 7, ik
RIS ZERFC T /2. ROSEY L denature Eh
6% polyacrylamide-8M-urea >—%2 T2 X5 )l
ETLi-Cor EE1DNA > —27 L >4 — (Aloka)
ZRWTER Lz, SEHRBALEIIANAL 2
pSTY16 7S5 AX K (Fig. 1) 2AWT. 751
N—REICERALERL TSI Y—2HNT
HEBS E DB EITo 2.
6) 3'RACE

cDNA I3 Superscript [ ¥R 5 BE#
(GIBCO/BRL) % F\\T adapter primer (5-
GGCCACGCGTCGACTAGTACTTTTTTTTT-
TTTTTTTT-3) iIZX D&KL z. cDNAX Fig.
2HTRLERREMNT 54 <v—a3-P1 (6~
GACGCCTGAAACGGTAAACAGGAGC-3) %
7213 a3’-P2 (5'-GACAAGGTATATGGCGAA-
TGCCCACA -3’) & Abridged Universal
Amplification Primer (5'-GGCCACGCGTCG-
ACTAGTAC -3") ‘& 0#fla &btz k> TPCR
2L, & 57z PCREY % B #1C Original TA
Cloning Kit (Invitrogen) Z&k Y pCR™ I X%~
& —izZ7 0—=>%7 L, manufacturer’s
instruction IZEWI —2Z T AL, 3’end ZRE
e,
7) GST-PR B LUK GST-APd 75 XX ROk
e

U53 ORF O£ (1-758 a.a.) & CEKMl

(233-758a.a.) ZHEIBIRIEDITTI17—
Zaat L7z, CRMES L 233-758a.a.ica—R

SNTWVLPAPIIIMATERDS27 2 /BN S
731 assembly protein domain (APd) & iR
o (Fig.8) « 791 I—DY—=L L AL
EO EHRAIT 5'-GTGGGATCCCTAAAGTT—
TGGGTAGGTGG-3’, APd @ LM TIE 5'-
TAGGA-TCCCACCGGTGGAGATTATTGT—
AGC-3"TH D, HBEL = FlMITIE5'-AGGAA
—TTCCCCATAACACGCACCTAAACACC-3 &

2o T2 (FHRERIHIREEZHLEMLZRT) .

pAP #84> (285-758a.a.) DA EMEIBT BT 71
Y — b [EkICARE L7z, PCRIX DNA thermal
cycler (Perkin/ Elmer/ Cetus) %M\ 94°C (1
5). 55°C (143), 72°C (2 ) DIEFT 25 cycle
fTW, 72°C(154)% 1 cycle ML=, 12D
RIiGEIEENTNhD T Z 14 < —7H1 50 pmol,
ExTaq (TAKARA Shuzo, Shiga, Japan) 2.5 U
W 100 ul 25725, PCREMIE BamHI
& EcoRI DHIBEBERICK D HbEh, BB
4 —T& 5 pGEX 5X-1 D Z DHFlBREEFE LI
D=2 Lk ERERDTFAE R~
DIALMRE, HAGERZHEFTSEH
T7S5AX FpTRX ZFOHEEHRL TH 2 K5
# BL21 (Novagen) IZHER#L /.
8) GST-PR & GST-APd DR H B L UM
BEERI N -KBEEY 2 E2 ) 2 2GULB
solution 2T 30°C TH#L. 0.D.#10.5T
isopropyl-b-D-thiogalactosidase (IPTG) % &
RIBE 1 mM ERBEIITMA, FDHE25°CIT
TOREIRERZRT /. KBEICK2EHDESE
13 10% % 7213 12.5% D SDS-polyacrylamide
gels (SDS-PAGE) K &ko> TRV ) —= 7 %17
W, FRROAETRKBIEEREZT o7, BELIH
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& E A manufacturer’s instruction 12T &
glutathione Sepharose 4B (Pharmacia) %M\
Taffinity # S LACKOERLU . HELLER
i3 1xPBS()i&H TiEM 217\, AR £ T-80°C
TRrE L 7=,

9) MEREH S X HEA O MHT

HHV-6B @ protease activity & &R~ 7F R
YIKASEP @ cleavage 2 E€=#% 1) > /5 &I
&£ o TEHAlL 7z, YIKASEP I R-site (Fig. 2and
5 FABEDY I /BRI EHETH S, TOREH
i3 98%LA L DOHMIFE 2 +F5 cleavage IT K D 8t %
T BHHDT, Peptide Institute Inc (Minoh,
Osaka, Japan) X D&FEMAL . GST-PR

(recombinant HHV-6B protease) 4.0 uM &
50 uM D HE & 3£z assay buffer F TRIG S £ 7=
A buffer ®#KIE 50 mM Tris-HCl, pH7.5,
0.15 MNaCl, 10mM CaCl,, 0.002% NaN; T&
%, #HITFR TO hex =328 nm BX U Aem
=393 nm 2B} 5 emission intensity Z Hitachi
fluorescence spectrophotometer 650-10LC %
AWTHIEL., BERERD/NNT A—F— (Km,
Vmax) 1358 O % 2% 50-2,000 uM DRI F T
B U 7. (RERAY 72 BAEE D protease FREFHIIT D
WTH GST-PRICH T HHMRDORAIE ZITo 2.
10) i %

FMmEIHEHE L EENTNOMEBEATHS
GST-PR %7213 GST-APd %& 500 ng £7=13 750
ug % Freund's complete adjuvant & 312
emulsionfb U, UHFIThkBEL THMLZ. 1
E72 L 2 EOBM%E % Freund's incomplete
adjuvant H1Z 500 pg £7213 750 pg DERZH
W, 25 6 MR TRERIZTS /2.

11) fREHIE (IFA)

HHV-6B &% MT4 #ifd % 7213 mock-infected
MT4 #ifaZEH S AA 54 R EITH T LR L
cold acetone IC TEE L7z, TNEND well &
dilution buffer (1xPBS, 2% bovine serum,,
0.2% Tween 20, 0.05%NaN,) (ZTHRL=H
FIZCTERBL., 37°C T 30 4fincubate L7z,
D% PBS T 10 73 fdlki# L 72D 5 fluorescein-
conjugated #7 rabbit 1gG goat Hifk% 2 KHik &
LTEEL., 37°C 20 4rfd incubate L7z, BU
PBS THe# L, SOCBEME F THRHESI N/, [k
IZ DNA & s #F#| D —D T3 % phosphono-
formicacid (PFA; Sigma, St.Louis. Mo., USA)
DEEFTOPR & pAP DRBEZHA,  [FH
% 1 ml &7= 0 200 ug ¥a#% L 7z medium {2 MT4
fAa % 3 REfEIATALEE U HHV-6B Z &% #R, 48 Kffil
% 0 A AL & mock-infected MT4 A 123313

% PR EpAP (X132 AP) OFEZIFTHREL ..

ZORRTFIHIER TH B IE1L (GSTO3) IZxT B
Pk DOW T B ERkIC R L 7=,

12) Western blotting 3 X X fu ¢ I B

HHV-6B HST #iCE&# 4 BH B O MT4 fifid %
sample buffer (50 mM Tris-HCI, pH 6.8, 2%
SDS, 0.1% Bromophenol blue, 10% glycerol
with 5% of 2-mercaptoethanol) IZVAf%, #Al
H#% SDS-PAGE L, PVDF A > 7L VIZ8EL
Jeo TDATL I LT GST-PR £7213
GST-APd IZx9 % 7Y FOFiE Z TN ENK
IBER, TOREA TV 2T HF gGicxt
9 % horseradish peroxidase labeled goat
antibody 12 & 0 RIGE &, #i##&. ECL Western

e
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blotting analysis system (Amersham) % >
TPRBIVAP DR T o7, EimmYLt% 48
KRl T HHV-6B ICE&R L /- MT4 ffifla 2 &
culture medium % methionine-free medium
(Dulbecco's Modified Eagle Medium ) T E#H#
L. 1Rfi#%, MT4 #ifaid [*S] methionine
+cysteine (=[*S] Met+Cys) (EXPRE?*S*S,
New England Nuclear) Z 1 ml &7z 0 50 uCi i
T30 I )Lz, TOEMIEZEOTXD
£, pellet 13 RIPA buffer (0.01 M Tris-HCl,

pH 7.4, 0.15 M NaCl, 1% sodium deoxycholate,

1% Triton X-100, 0.1% SDS. 1m MPMSF) T
KXDBEMLIE. RITTIN)ENTNS Z D lysate
EENThOUHFHmEEREL. EUR%E
# &4&13 protein G-Sepharose (Pharmacia) %
FAWT%RZEILE L, 10%SDS-PAGE IZ TESIK
BETok. IN)ENEEBOREDZDIT,
4* )ViZ EN*HANCE solution (DUpont, Boston,
MA) 2k L, #4%#% Kodak X-Omat film -
80°C ixTaY# - bEhik.

13) MCP iZRT 5 E /) Z u—F v ik
(mAb) DR

mAb 2.22.813 9 TIZT HHV-6A KU'B Oifih
RN €/ 7 0—F ) fifk (mAb) T, B
THEAIEHKICH 150 kDa D KEXTH 5
(unpublished data) . & DER#E HA major
capsid protein (MCP) T#H2 Z &L ZMHEND 7z
Wiz, MCPD NKM (1-1707bp) O H % PCR
& VI8, GST (pGEX5X~-1) EOMAEEHR &
LTREEEZ, HHV-6 ® MCP 134,035 bp £
T genome >—JILAXDERBELTIX 151
kDa &EFREINTH D 9, 7514 7 — DRI

I ®EIC N KM 34 D 1A recombinant
protein & L TELNIIVOFEERELNZEND
WEICEDL T, fushikc 714 3—D—2
T 2 R B T Dl Y s B
AAAGGATCCACAGGTACCGGTGTGCTGCT-
GCATATCGCCGAAACATG-3'. B £ U 5-
AGCTCGAGGTAAAGGCATGTTGCCTATCA-
TTATTC-3" (T # #5 13 fl PRE¥ 3% 1 (L BR AL 2 7=
T) . TIAIFOMELRBEICILSEHDR
BRI GST MAEHDOHIEELR—TH 2, R
BLUAEEBIMLT mAb 2228 ZH W
Western blotting # ECL method iz & D757z,
[[i%iX Western blot & kR D &5 THAHIL
T TRz,

R

1) US3ODNAEREABLIUTY I ) REF
O Wbt

HHV-6B @ HST#IZBIL T, 4B DNA > —
DI A%fTo7. pSTY16 fragment IZi&2 D
D5EL 72 openreading frame (ORF) & 2 DDA
56273 ORF *FEL = (Fig. 1) . HHV-6 AT
B L Tid Gomplel 5ICX D EDNAY—I T2 A
NWESNTHB Y, ZOFEMTIE U2, U3,
US4, UG5 D TENETND ORFAIRSNT
W3, pSTY161Z &k D FAE XN/ ORF & variant
AlCBIsME L ICHVWEMESNRS NS T &b
SEEMICHHREZRE — &L, RARZSE USS
WEBLAENEHAE LT HCMV  UL8O
similarity 2 L T8 D £ O #EEF A% virus
protease ZI1— KL TWA Z &ic#E DI, US3




HHV-6 straln HST (variant B)

161 kb
TRI TRr

H

pPSTY16 (4482 bp)

CEREEERREERE RN RO LR R IR R ERIRNREi

1 1000 2000 3000 4000 5000
Gene L U 4 1 i - (bp)
us1 us2 us3 us4 uss

Fig. 1. Top: Schematic genome map of
HHV-6 strain HST (variant B). TRl and TRr,
terminal repeats left and right. Bottom: The
map of open reading frames (ORF) surrounding
of HHV-6B U53 ORF. Mapping data for partial
U52, complete U53, US4, and partial US55 are
from the sequence of pSTY16 fragment
described here. The mapping data for U51 and
partial U52 are from our previous sequence

data on HHV-6B strain HST.

A& D DNA & —2 T > R I3 Fig. 21T RaE N/l
D TUG3REFIZLEA 1,587 bp. 121 BB D
¥ D methionine X D B#EY %, US3 X ORF
O LEfIZ1 D& ORF WERIC 2 DDOAREMED B
TATA EFIZHAELTWS (Fig.2) . FEEIZTFif
IZFTET % 2 DD poly Asignal 2177 L 7= (Fig.
2) « V=M =TT AR 2T DNA 3¢
—JLAEARELENEDORFIL D HHV-6
protease |[FHEEERYIZ US3 HIRD N KMl 230 a.a.
ELTHETHIEMNFREINL., HHV-6B

HST # protease 7 = /B L N)L (230a.a.) @

identity % tt#9 % & HCMV AD169 #& "Iz 4f L
T31.0 %, HHV-6A U1102 #'? 12 96.8 %.
HHV-7TII #2212 62.0 % THofcs ¥ —J LU R
MOBEHSINBRRIGEAL DT X/ BREL S
% HCMV, HHV-6A. HHV-6B. HHV-7 @ B-
herpesvirus BRHZDWTHEL = (Fig. 5) .
B-herpesvirus ##} Tl release site (R-site)
BT P4(tyrosine) « P2(lysine) « P1(alanine) -
P‘l(serine)?%, maturational site (M-site) T
P2(asparagine) + P1(alanine) - P’1(serine)7x £ A%
KBFEINTWEIbDEEZ SN, LML
HCMV IZHFET % inactivation site (I-site) &
HEIOY 2 /) BESIZ HHV-6 TI3ERD sz
o X 1N

A Release (R) Maturational (M)
' site site

\

Ala 230 /Ser 231 Ala 491 /Ser 492

Protease Domain (=Protease)

Assembly Protein Domain

US3

1 528
Assembly Protein Precursor (pAP)

/R s

285

PR APd

ease site P4 3

(%}
—
=
08
w
&

HCMV
HHV-6A
HHV-6B
HHV-7

Maturational site

HCMV v
HHV-6A I
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HHV-7 \Y

<
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Fig. 5. A. Schematic representation of the
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U53 and U53.5 gene products. The protease
and assembly protein domains of US3
polyprotein are shown together with the
positions of the release and maturational sites.
The products after cleavage are distinguished
by the different shading patterns. The sizes of
the proteins in amino acid residues are
indicated. And the parts of U53 (or U53.5)
gene expressed in the recombinant plasmids
for PRand APd as GST-fusion proteins are also
indicated.

B. Alignments of p-herpesvirus

protease cleavage recognition sequences.
Inactivation (I) site is known to exist only in

cytomegalovirus of all herpesviruses so far.

2) HHV-6B PR & pAP OEE L X)L O MHF
9 HHV-6BD Z DA 5 mRNANTED X
SIEEIN TSN % mapping T57201C
Northern blotting Zi{&7/x. > — 7 L2 AD#E
RicEJEBRESINETO—T 1, Jo—T21F
FNETN US3NKMIHLE T 2 PREFS & C KM
@ pAP #5324 T % (Fig. 3) . TDOFER % Fig.

3ITRTM, Fo—71 (PR) 1%3.3kb, 1.8kb,

1.6 kb @ transcript iz hybridize L., 7o—72
(pAP) 1 3.3kb,1.8kb, 1.6kb, 1.0kb, 0.8
kb @ transcript IZ hybridize L7z, 1.0 kb l3& b
gE/xtranscript Thole, ATV —ZFah
7=#5 200 {E O cDNA 3 HIFREEFE /N ¥ — > T3 D
D7) —FIZKAIE N Northern blot D#EH &
a—3 L7z, #3.3kb D transcript #13 7.5 %
HEL, ¥—FZ T2 X EUS1®ORF2—H&A
TWw/= (Fig.3) . £7=#) 1.8 kb ® transcript &

1222.5%8 T —2 L2 AD#EF L methionine 7»
5Bk d % US3 ORF D& RITIZIFMY L,
homology 7 5 PR precursor Z2a— KL TW3%
bOETFEEIN, E5ITK 1.0kb D transcript
B3 62.0 % & 8% TUS3 ORFIZFE TS L
[@#kZ methionine ¥ b %Z% L, homology »
SpAPTH B ENFHREINE, U3 D2k
1,587 bp iZB8 L T splicing 13FER 7 genome
=T AE—H LT, 3'end ITBIL TIIMHIR
BEE /Y — > DEWIZEK > T, PR & PAPIZHLE
LT2DO0RRE-7/3endBHEET 2 T EARE
SN NS IRACE % 1To THER L /2.
HHV-6B & HAlAa & D 738 L 7= total RNA 5 ug
EHW, Fig.2 KRLEMNBIZT 1< —
a3-Pl, a3-P2EREL TV — I TR &fTS
&, FRELEED 2 DD/ —>? 3’end WEAE
LENEND poly A BAsALLEILX US3 ORF stop
codon & 0 FiftiZ 6 bp DALiE P L U 186 bp DAL
BTHo/- (Fig. 2) . % transcript @ 5’end i
754 I—HEEICK> TRE L. U3 ORF
BILAERAI L D +51 A 5 antisense DT T 1 <
—ab5-full (Fig.2) IT&D 2K%ZI—RT55#
faFIZORFBAIAERAL & 0 -28 3 E (T 5’end 245D
ZEMBASMERo K (Fig.2andFig.d) . [k
IZ+903 HHEH 5 antisense D7 T4 ¥ —ab'-
pAP (Fig. 2) iZX 0 pAPI3+645 & & +712
HHIZ 5end ZFFDZ L& RLE (Fig.2,
Fig.5b) . AELOREREZ LD/ DANFig. 3D L
DR TH . protease £ L TL2EEZI—-FT5#
ZF& R7252D05%nd 2D pAPHI— R
INTV3, ZofaabtE LT com
terminal THH., H"DOFNEFN2 /¥ —>D

-—-——————




end ZFFo TWB T EMNASM Ezo 7z, 3.3
kb fragment (I ORF Z2X/Ai>Ta—RaNnT
BYO, USS RBOET - R ITITEEOBIRILT
WHD EFREINE.
3) XKIWIZ X% HHV-6BPR B X XAPd DR
Rimp

GSTR&®ERA L L TUS32E (1-528a.a.) %
KBEICTRE Y, 56kDa 0EH %157z (Fig.
6A, lane 4) . GST&HEBRIZ 27 kDa THh bV, US3
2ETRBEL/EBLD R-site (Fig.3) T
release & 37z NK M| DEKEH/X protease &-F4R
a8 (1-23a.a) WRELEbDEFRIE
1% (=GST-PR) . XiZ#) 57 kDa D’EH % KB
BTREI LN
domain (APd) & GST L DB&EEHB (=GST-
APd) T&® 1. U553 ORF ® R-site & 0 CHMI¥
4+ (233-528a.a.) 2a—RT3LDIC&E
TWw% (Fig 6B, lane 4) . pAP Bijfi (285-528
aa.) TIXGSTHEER (=GST-pAP) &L T%
REBBHI &Itk No 7%,
4) HHV-6B protease DBRIEH L EHBEN O
®

Ala-Ser YT EAI TH 2 Z & 2 FRIL T (Fig.
5) R-site B OMRINRTF RZERK, PRD R-
site ICBT DBEREMZRIET 2R EMERL 7=,
Z D HHV-6B R-site 28 DEZFIE MoCAc-
GYIKASEPK(Dnp)rr-NH2 TH 0D, XT7F R0
cleavage IZ X D 82 £T 5, BMOEBITHE W
#HE I emission intensity & L TRIE S 1/

(Fig.7) . GSTDAHZBF DRI E L THIEL
I EERRBITEZ 5, GST-PR 2 /K
R DREIEIC VD o < D & LK #Rh 8

Z 1113 assembly protein

GST-PR
4uM

—
=
L]

w
.

Emission Inteasity

GST only
M

EJs-tuu'ma
= K
8 9 10 11 12

===
R S
Time (hours)

Fig. 7. Rates of hydrolysis of R-site substrate.
The fluorescence of the substrate was
measured as described in Methods. Peptide
substrate YIKASEP was incubated with [@]
GST-PR and with [(O] GST only respectively.
The reaction of [] substrate without enzyme

was shown as above.

wEIN/e, BREEORRNERTH S KmfE.
Vmax % R-site X 7F REHE D cleavage & 0 &t
BL.ERIZIENETN0.35+£0.05mM B KL 1r0.89
+0.06 TdH-o7 (Tablel) . protease FHEHID
af TIL HHV-6B PR 13 500 uM IZFR¥EL 7=
benzamidine. aprotinin, pepstatin A, leupeptin,
phenylmethyl-sulfonyl fluoride (PMSF) .
iodoacetamide (IAA) . gabexate mesylate

(FOY) & T 100 U/ml#RE D heparin T3 H
Exnnsor. Ll 500 uMBED ZnCl, &
nafamostadt mesilate (Futhan) FTI35E 272
HENBEI N/ (Table 1) .
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Table 1. A. Kinetic parameters for the hydrolysis of
HHV-6B R-site substrate by HHV-6B protease, calculated
from the initial velocities of peptide cleavage

peptide substrate (site) * Km (mM) 1Vmax
YIKA SEP (R) 0.35+0.05 0.8910.08
*, 1 Calculated from the emission i ity of the fl of cleaved peptid

The subsirale concentration range was S0 to 2000 uM. The enzyme concentration was
4.0uM.

B. Effect of inhibitors on the activity of HHV-6B protease

Inhibitor Concn ( pM) % Inhibition
ZnCl2 500 100
Benzamide 500 0
Aprotinin 500 0
Pepstatin 500 0
Leupeptin 500 0
PMSF 500 0
lodoacetamide(lAA) 500 0
gabexate mesylate ( FOY) 500 0
nafamostat mesilate(Futhan) 500 100
heparin 10 U/ml 0

100 U/ml 0

Reactions were in the assay buffer as described in Methods in a total volume of 1
ml. Enzyme (4.0 uM) were preincubated with the inhibitors al the final concentration
shown al 24 C for 1 h before addition of the substrate, YIKASEP (S0 uM). Hydrolysis
of the subsirate was measured 4 h later.

5) MM HIZB TS HHV-6B PR & pAP
DM & processing D KK

HEDHETIRR/= K S IHER L /= recombinant
protein T % GST-PR & GST-APd % Hifk % {E
R DedvEhtThodFica@Ellk. Fo5hk
g ZE AW T HHV-6B KMt DU 1 )L 2
NRANDENEDORREZRE T 2 I M
KR (FA) £fF5 7, HHV-6B BaIf T
IZ GST-PRIZX 9 B A TIIMIIAE & O %
MRETNMNGST-APdIZx T 2HEIIEOA
RGN/ (Fig. 8 &) . FBEBRMRIIESHD
KR L TRES NN 0. RIZHEDET
BR7=K 5T DNARERIFEFTOPR & AP
DFEBITDWTHH 7. phosphonoformic acid

(PFA) 2403 U 7= R TIL PR & AP 133t i
%48 FFRIC BN TH [FATRIE SNz o =248
M GSTO3 HifkIZ k> TIEl EHITEHICRIE &
n’- (Fig8TF) .

Kic HHV-6B RRAAIIIC H L T Seevtie i &
Western blotting & 2T L. &HIEIZE > TR
BMIND2BEHOKEZEREL. TOMRR, &
FEILREVI[*S] Met+Cys 2 30 2D H T X1
T UT 12T T H o =M, H1 GST-PR Hifk T8k
N5EBII 65 kDa, 60 kDa, 28 kDa, 24 kDa T

(Fig. 9 %) . #i GST-APd Hif& Tl 65 kDa, 60
kDa, 30 kDa, 28 kDa T -7 (Fig.94) . &
Rtk 4 B B ORBEAA2IC Xt % Western blotting
T3t GST-PRHIF X 28kDa B LU 26kDa DE
HZREML. N GST-APd kb RIRICEER
30kDa LU 28kDa NER%#R#EL = (F—%
RET) . INHORBRIT. BEAVBREICT
AN TV TFRD, TDRD proteclysis &
RUILRESOFREZE-HTS. MATERE
L TIIIEL TH 150 kDa OKESTDEAMN
Bt T3 (Fig. 9, #iclane3) . LT
Gompels 5D —J TV A Oh 5D FRICHD
Z, 2 TEMS I major capsid protein

(MCP) THHAHEEN B Lo/, RIET 27D
IZ Okuno 5AYERR L TWEE / 7 O—F )Lk
D—DTHD, 150 kDa DV IVAER % RH
T2 EMBRENTVWS mAD 2.22.8 (GRREX
T—%) KDOWTHEINZfTo /. B#ICMCP®
N*fl 1-1,707 bp ’&\ﬁﬁblf GSTLOREEH%
REPIEDTIAIREBEL, KBETRES
Bz, RICANHR L7 mAb2.22.8 ZHWTZI DK
BB O lysate iZ Western blotting Zf7Vy, KIS
MESNEZIENSMCPTHBZ EEMHRLE

(F—#mRET) . HIGST-PRHUEAZRAWVEHE
RELBEL T, #1GST-APd #if& D MCP &3tk
THONERICEN T,



* ®

virus protease IR A1 )L 2 Tid DNA
polymerase % glycoprotein B & [F#kiC i ® & &
KHRESNTVDIREFTHD, TAILADKRH
IZBIL T protease (PR) D&% %A 2 Hid
EETHD, NVRATAI)VAD capsid 1 £7
MMRID scaffold protein EFICR S 1548,
scaffold protein | virus genome @ packaging
VLD 3 222, Z O scaffold protein @ H
Lx7% assembly protein precursor (PAP)T# 1,
INETHRSNTELLTOANNRITA I
AWIZDWTPR &overlap LTa—Rah,
inframe T& ¥, 3'coterminal Td V., PR D& R
MERELTOEEZALTVD
23241825269.19.200 | PR |3 serine protease & LT
DHEEZERL 72230 F93 precursor & LT
ES R, U1 LA D capsid assembly AT L T
W < fHiT autoproteolytic processing %% \F %,
serine protease & L TOIEE 2/ T 5 HAL1E
precursor ® N RKRNZALET 3 1Y, PR
precursor |3 2 A2 WL 3 WD
autoproteolytic cleavage &9 22 NEhIE

UTFDESIT2>TW3A, (1) ORF D CEKMIZ

{iZ{& L. pAP EIZE#E 9 % maturational (M) site,

(2)PRprecursor D RAFTITHLE T 5 release
(R) site®323310  (3) assemblin HRfFLITfL
&9 % inactivation (I) site |FHCMV QDA THA
IhTnw3*, 2L TEEELLTDOPAPIL, M-
site TORRIT K > THAL 7z assembly protein

(AP) &725% 19, pAP I3 scaffold protein iz ®
EEICR 5N 5EH T, major capsid protein

(MCP) LOMEEAMEE SN TWNS 3%, PR

12k % cleavage I3 1 )V ADRFITHLEATH 0 .
AP Ef7378 pAP D CR M, M-site KOV ES R
% Z & T DNA @ packaging M #]® TRIGEE 722
222, BAE4E, HHV-6BIZBNWTPRBKU
pAPZI—FLTW3a EEAbN 5 US3 @D
., PR OBE#EFHRH, o EEMIASR TOM
BEHOBREICEL THRITZITo 2.

genome DNA & cDNA A4 75 ) =D —%
L2 ATIEPRprecursor BE U pAP#I— KL
TWABEBIZBW T splicing lTR S5 iah o7z,
Wb 5 EEM /2 protease %I HHV-6A & D
homology 242 < ¥, variant B TR 27
2 /B3 3 D AFEIE L 7248 conserved domain

(CD) Z#HEIN/TMBEITPVWTIRT I /B
BWEIR SN o7z, Ko TIDE variant
MOBWICEEZRIZTHOTIRRVERDN
5, ZOERZEMD B-herpesvirus £ & HL#E L T
#H#% &, —iRICHHV-6BIZHCMV & W $ HHV-7
ZEDEgRTHE2NbLAZWL., LML HHV-7
@ maturational (M)-site IZBF 27 I /B —
LA LAHHV-6B & D HCMV IZiE Vs

(common residue of P4 and P3: valine) #J#E
A% 2 (Fig. 5) « ZOEBRDE 57355 FHY
WEDRTARD 5N 5,

KIZ PR & pAP ® mRNA DO ##is %R € L /= (Fig.
3. ¥EBBE TIMV—HEELD 5end id
US3ORF2E%2I1—R92&EFELL TIIE—
T (Fig.4) . CHKM®D pAP TIL 67 bp &N/ 2
DO Send WEELE (Fig. 4) . £hthth
#) 25-30 bp E#IZ potential TATA box 23R &
Nz, Lo LRKFENT &I 180bp i, £
ZhiZ poly A signal ZH 9 % 2 DD 3’end 277



Y2 EMNIRACEIEK DS E78o 7 (Fig.

2) . cDNASATS)—KD ZORKRITHYT
%215 —2®D 3end ZFFD Y O— A PR, pAP
ThrthicBshiz,. Ko THHV-6BIZHBNT
XINETOMDANRZAT A )L AR O [F
¥k PR & pAP & co-terminal & L Ta—RanT
WBHDDEDNY—2N2D8%0D, HHV-6B
KRBRRAKTHSEEX 515, LML PR,
PAP & HIREBRLA(LE & T4 X 115 methionine
BENETN1DTHO, »Dstop codon bEHN
ENFE—THBI LS, EHET 2 mRNA DO
EEIEEBORBENEEICEOND Z&ITH
ELTWwsbDELBbNS,

GST L DOREEHDORERICDOWVWTPRIZZE
5287 X /® (F#H59 kDa) MRET LD
IZ construuct Z{ER L7248, KBEICLKDES
N7-EHIIX 28 kDa (GST-PR & L TIE 55
kDa) (Fig.6) TH-o/k. ZOHFRIZ, FHEL
7= release (R)-site IZ3B V12T autocleavage AL Z
STWH I LERETZHDT, REEDIIHKAE
MTHD., BREEZAL TVHHATRED E N T
LERLTVWS,

R4 13 R-site BIRICRE LI BT F R &2 &
HELTHW, GST-PROBREEEZRFD L%
~U7 (Fig.7) (Tablel) . £7=/ERHICZD
AL T D cleavage & WS FRINELWI & ZFE
L., L THESNZUS3DONKMICEERE
LTOEENRFEEL TS Z & 2R LT (Fig.
5) « T®PRITKS R-site TOBEFH R IGEET
HEIZO- <D THo A (Fig. 7) . ZOH
%13 HCMV protease @ cleavage assay 128\ T
HEREINTHD®, ZOWE TII protease 1T

& % R-site DK 7R D EE VL M-site I HERT
KeRD1IENS8HD1IFETHo I EAUR
ENTVWD, 7 /BESDLESHBE L PR
DEAED 7 FEBH S, HHV-6B TIE HCMV O K
5 73 inactivation (D-site [ IFEELBZNHD ETF
Bahs, R4 I3E/4 D protease FHEFHIC &
5 HHV-6B protease {2 %t 3 B HEFICDNT
BEtL/e, BMIANLRZTAIVR 1B
HCMV*®72 EDO#E TIE NIVRATAIVA T
—fi% 1z protease I3 serine protease Z R~ 9 % [H
BFBDARY FTLEHLTWS I ENDN-T
W3, Welch 513 Z#15 @ protease D78 H THE—
) VREDAVBREFSN TSI LZRLE
0 A[EEBE O ZnCl, & nafamostadt
mesilate (Futhan) @M A 7=HFER O/ T
PMREBRESN, NDOFOEEDHEIT100%TH-
7z (Table 1) . Futhan ZEERDH TE L ibh
T 5 {R#EHR)72 serine protease FAEH| D —DT
HBNY | BONOWMEICKS & Futhan |34
KA ZITIWVIHTAINAARBITS
hemagglutinin (HA) OEB P BEZREET S &
IZ&>T.ZDUA ) AD replication {Zxt L THH
FEIREFTBHAREMENREBINTNS O, 5E
BR& MG EHMET o LR TIE Futhan 1355 3#H
fa iz BV TIE HHV-6B HST ¥R D X3 - $85E % [H
BB LIMEBD o (F—IRET)
Futhan QA NDORIUIEN E NS FERDH O,
derivative 72 £ DBAFEIT X - TIX Futhan @
HHV-6B A\DOH T A IV AKIE L TOERITEMN
M50 LIV, serine protease inhibitor
T % Futhan OEFZRIZEK Y HHV-6B
protease %% serine protease T& % "ML — &

BE S IR

-

§
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mEolk.

flfEECHKE (IFA) TId HHV-6B B AL
D PR AP (X721E pAP) ORIEZEM~N/. PR
PEEMREm A ML TWED KT S
E AP EAEKITERS RAEL TW (Fig.
8) « NIRATA )N ATIE—MKRIZPAPIZPRIZ
&2 T M-site KD Y)W ZZITAP &£72D, AP %

¥ &9 % scaffold protein V& virion #M 2 ikt = 4,

Z DEEPE T virion A DNA @ packaging 3 r]fig
E72%, TORBIZEFMLOEATEID,
DNA %% packaging U 7z C capsid 3R & & BT
envelopment Z A P 2l U TW <A,
PREBIVBEEEH TH S T & EHNITT virion
&£ D gt & /e scaffold protein 23 5 < IE£ D
EEAMTIIHTW RN EE2EX B L, [FAIZ
X DB =N/ PR % AP O [HTEl reasonable T
bbb, XPFAHFETTIEPR E
APd [ 5 DHUEITR U TREHRITHRE S

(Fig. 8) . PR & AP {33t ARG H Tl 541
EAELLTREIN TR I ENHSNERS
it

1% 4 H B @ cell lysates IZxt9 % Western

blotting D#& %1351 GST-PR #ifk, HiGST-APd
nEhTnz AW RBLROMER S IZIFE—
B3 (F—FrEY) . HiGST-PRHUETIZS
F8% 65, 60, 28, 24 kDa DR RIZ P FREDE

BHAYURICRIE L. H1 GST-APd Hif& Tl 65. 60,

30. 28 kDa pEHMEHEN/ZE (Fig.9) . &
DfERIE, FEEI N/ KD I maturational (M)-
site & release (R)-site ® 2 DMHFEL TS T
EERT . BEMAL T processing 12i# <. 30
RED S X)) 2 TIETTREERIGELZ. Hi

GST-PRHA TR S N/=m#& D 28 kDa & 24 kDa
DZED/)\> Kl PR A reducing condition 2z
T BS-SHEEEFTAIEEZRBELTVNSDN

%Lhkm“k&mmﬁ%i@7£/&y—al_

S AMS OHEE TH 33 kDa TH 52391 GST-
APd HURICIRIG U7 EIR D 5 FBI349 30 kDa &
28kDa Th-o7z (Fig.9) . ZOHAD 2DDN
Y RIIpAP D2 K&, M-site IZBWTEERIG
EZ\ I AP TH 2 & Bb 5, major capsid
protein (MCP) & PR X7z13 pAP & D 3LILR 1T
Ub3IZa—REN5MEEA capsid DEHKIZH
WTEHERRFZRZLTVWRZE2THEIE
%, MCP O\ Fidfi GST-PRHiIAL D B
GST-APd HiRIC KB HDDIFINEL< 2o TH
D, ZLOHAEVRHREL TVB LI IT*¥, PR
DCRRPZDPROEHTH % pAP A MCP &
OHEERICBVWTEETHL I EMNRBIN
%, Ak, ITN5DOT—FITHHV-6BIZHBNT
bPREAPRBECRFEINTIINSHOO,
transcript DG PEFAIND RIS7S ERFBAIS
ZEBBNT EERLTWS. HHV-6B® capsid
Brkid 2 < A TH O . HHV-6B DAEFREZH S
MZ U HHV-6B DFREMEZMIAT 5701 H
DFEIRD X DFHEL WRITNSTERLETHS 5.

L

ZOMETIICHIED, KIRKFEFRME
FHR LTEA—RECBRELY T 2HE THN
eo TTWBHOBEZELLHAFHET S,

PRI SPRRPEE IS SETRE - W
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Fig. 2. Nucleotide sequence and amino acid alignment of U53 open reading frame encoding
full-length protease and assembly protein precursor (pAP). Start codon of full protease or pAP
are shown as methionines to be doubly underlined. Predicted TATA box and poly A signals
are indicated in solid open boxes or underlined in a single band, respectively. Two TATA box
are estimated for pAP. Also the predicted start sites of poly A by the cDNA library analysis are
shown with arrows.
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Fig. 4. Top: The numbered solid boxes below the arrows denote PCR products
used as probes for Northern blot analysis. Probe 1 corresponds to the protease
coding region and probe 2 to the assembly protein domain coding region both in U53
ORF. The arrows below the map denote the probable transcripts of the various genes
related with U53. Bottom: Lane M contains total RNA from mock-infected MT4
cells, and lane I contains polyadenylated RNA from HHV -6B-infected MT4 cells,
respectively. Molecular masses were estimated from the level of 18S rRNAs with size
(in Kb) shown to the left of the blots.
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Fig. 5. Primer extension assays to map the transcript of 5’ends. The size of the extended
probes were estimated fromthe pSTY 16 sequence (pSTY16 lane). Linesin the sequence are
GCAT. M: Mock-infected, I: HHV-6B infected. The site of a5’ full, and a5’ pAP primerseach are
shown in Fig. 2.
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Fig. 6. Expression and purification of HHV-6B (A) protease and (B) assembly protein
domain as GST—fusion proteins in E.coli. Protein extracts from E.coli induced to express from
plasmids HHV -6B protease /pGEX5X-1 and HHV -6B assembly protein domain /pGEX5X-1
respectively were analyzed by SDS-PAGE as described in Methods. Lane 1, molecular mass
markers; lane 2, E.coli lysate of pGEX 5X-1 only; lane 3, E.coli lysate of each recombinant

proteins; lane 4, purified GST-fusion proteins eluted from Glutathione Sepharose 4B for both
(A) and (B).
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Fig. 8. Indirect immunofluorescence staining with rabbit antisera of MT4 cells uninfected
or infected with HHV-6B strain HST. Top: Mock-infected and HHV-6B-infected cells
treated with the antisera for GST-fusion protease (GST-PR) or GST-fusion assembly protein
domain (GST-APd) are shown as above. Bottom: MT4 cells infected with HHV-6B were also
compared the treatment with PFA with the untreatment of it. Antiserum for GSTO3
recognizes the immediate—early protein of HHV-6B infected cells.
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Fig. 9. Immunoprecipitation of HHV-6B infected MT4 cells with antiserum for GST-PR or for
GST-APd. HHV-6B infected or uninfected cells were labeled with [**S]methionine for 30 min,
and then the cultures were harvested and immunoprecipitated with monospecific antisera
for GST-PR or GST-APd, respectively. The cultures each were analyzed by SDS-PAGE. Lane 1,
protein molecular size markers; Lanes 2, mock-infected MT4 cells; Lanes 3, HHV -6B-infected
MT4 cells; (A) The 65, 60, 28 and 24 kDa bands are marked by arrowheads. (B) The 65, 60, 30,
and 28 kDa bands are marked by arrowheads. The both 150 kDa bands were confirmed to be
major capsid protein by a specific monoclonal antibody.
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