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. Subject

Studies on the mechanisms of reactivation from latent infection using thymidine
kinase mutants of herpes simplex virus type 1

II. Objectives and Significance

Studying viral latency and reactivation from the latent infection is important to
eradicate virus in an virus-infected person or to develop new antiviral agents or
vaccine. Herpes simplex virus type 1 (HSV-1) is a DNA virus, one of the most
interesting virus with very good experimental models for latency and reactivation
studies. HSV-1 thymidine kinase (TK) plays important role in antiviral drug resistance
and chemogene therapy and pathogenesis in in vivo infection. The possible role of the
viral TK in reactivation has been suggested from the reuslts mostly obtained with
TK-deficient mutants of HSV-1. We would like to confirm that possibilty by using our
various TK-deficient mutants and cell-based latency and reactivation models because

and also to investigate the enzymatic properties of the TK proteins.

III. The scope of the study

This 3 year project of "studies on drug-resistant mechanisms of antiviral and
anticancer” has been conducted with the following scope:

1. In vitro studies on enzymatic aspects of the TK and LAT gene of HSV-1

Cloning of the viral TK gene of various TK mutants for gene expression in E.
coli

Isolation and purification of recombinant TK (recTK) proteins from E. coli
Enzyamatic analysis of the purified recTK proteins
Cloning of the LAT gene and its DNA sequence analysis

2. Cell-based studies on the functions of the TK

Establishment of primary mouse neuronal cell cultures

Establishment of cell-based latent infection of various mutant strains

Establishment of induction method for synchronous recativation from the latent
infection

Comparison of reactivation from latency with the mutant strains

-V -



- Establishment of 2D-analysis method

- Determination of dNTP pools in virus-infected cells

3. Cell-based studies on the functions of the TK

- Establishment of primary mouse neuronal ce

IV. Results

We cloned the TK gene of 9 TK-deficient mutant strains of H5V-1 strain F and
isolated expressed TK proteins in E. coli. With these recombinant TK proteins TK and
thymidylate kinase activity was measured. We could classifiend the TK-deficiency into
TK-partial and TK-negative groups. All of the TJ-negative strains had no TMPK
activity. Primary neuronal cells isolated from adult mice were cultivated and infected
with the virus to bring the latent stage by using anti-herpetic drugs. All the viral
strains showed latent infection but reactivation was not properly induced. Co-culture
with indicator cells gave the highest reactivation rate (<20%), but still to low to bring
the induction sychronously. An extablished cell line, PC-12 cell was used also. All the
mutants showed reactivation, ie. without viral TK activity reactivation could occur.
But unlike mouse primary neuronal cells PC-12 cells had cellular TK activity, we
could not rouled out that cellular TK could also support the reactivation. We
estableish 2-demensional gel electrophoresis for further investigation of interaction of
the TK with cellular factors. Neuronal cells in vivo have litle dNTP pools. The
influence of the TK on the intracellular uptake of thymdine and also TK-dependent
antiviral agents such as acyclovir, penciclovir and ganciclovir was investigated. The
TK increased the uptake of such compoumds regardless of viral DNA replication. We

could confirm the TK proteins localized mainly in the cell nucleus throughout the
viral replication cycle from 2 h postinfection.

V. Recommendation
HSV-1 TK can be used as a marker of virus suceptibility to host cells. The
experiences and information from this study can be used for development of new

drugs and for basic reseach directly or indirectly, especially for the investigation of
HSV type 2 and other viruses.
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27tA 71t ARl Herpes simplex virus
(HSV) %— type 1 (HSV-1)2 A<le] 90% o)deo] Hg= °1°ﬂ% Aol Aol fl=
SEEAEH 479 2 ABHA HE § o AMS et A FE 4o
= HSV type 2 (HSV2)e AAAHS 2 gad 47t BEshn g, el A4 A
e} 20 ~ 25%<) 46008 W THEATL e Aoz FAHHCG HSVE HIVS 97 4
AAZez 7FF ol AFHIZ e wlelzizxzFe shyeltk. HSV-12 HSV-2,
cytomegalo, varicella-zoster, Epstein-Barr virus%il} Z<& 2 human herpesvirus& I}
Zol FEAAI ABYE & FAHE AUz glen, A5A ML AFE dE
H}O]Ei*xli‘—‘uxﬂ el T8 %ﬁ‘ﬂ}‘ﬂﬁi"ﬂ Ha ok =3, AZuiFAA 2 HEFE
1%2& Aol & o] glof wpolzadTe] Aol Ha itk HSV-10] A
| Bdsie = 3R BB F AR Wk delesgl S5 AFAe=
HF‘:CHX] bpole & ?JZ]- (virion)7} M X dle g UoewWA TEH MEE Fole lIytic
infection®} F4glo] vlola] A FAHAFgk ZAESLT ¢l= latent infection (FELE). AMH
& ZA-ol= AT sensory neurono] FEGA FLF dEA Uk
VIKS] welals ZAmh Fo 96 wdE we =l eignh olE
TK-deficient (TK?) mutant®] Z2]o] 4] L ul) o) A ol A= WTJJr Hl &ty & Ao} §lv)
CmEoith mEkd Al FEA Aol wY 9 ﬁ“ﬂoﬂ B2 =80 FAFH sttt
vIKZ} vpoley o] A W ARzl ¥

2 Aol FAE Ago), AT FuG
29 wolsi 2 ARHHA VAT 7is o] ARED e BAH el TK uf



olel e WAo] tAYE Rust BAT FAANA wid type (WT)TH fALSTHE
AEE RIEE Qo B d7EL A st eqFd ST o] FoR Huk
3l TK-EQWo|FEL R43t1 k. 3] HSV-1 strain F& WT2 2 3= TK-deficient
3 9 719 mutant (AR1 - AR9)ES QAFS A3 TS, TKEA, +44 4
71X W3k x4, vTKD%—“.é ?’i okl A 2 AFHEEEAAAY HAA4 2
A WS ZASHHER oAl A NA polymerased| = EARoI7F A0 A2
HHE AR6E A9slae VTK%}MQO%M 5e B dAFgEddA ML vIKEIAESF
2 o)t Qg on HAAE vIKFAAY Bl A wg mie FT AR
B ou$ 3 A 5 ogUgEgs FAAY. HSVEY FERELZRE ABAYVIALE €4
ol nlo]PAFE o] gsle ERF FEA o AAAAM AFFL W FLIH SR
th o9} e AFE B3y unlolgad T Zadk ARk iese] FHE B9 oty
HSVel ¥AA NA FH =] A& e HSV-1Y TKe T #7% 2 #iolg
2 ZA71A olsldl & 982 3A 2 Reld, nlelglx AEA AEe] HF FRY F
B AsfAe A4 AsA kel 2 - AL g s 2 Aotk
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7 oslol, AF71% BAE HAL + Uk $5E J1EEL JAEA 24E £ 9
2 Aoz AR 53 wlolgz A4 2 9L FE IRYAS A4S A
T U ia FwleEe] BYso] o] Ropo AT HEH HTYE T 5 YUe

Aot

o ZAA -AGH FH
% ATE Tt A FEEHE A¥ren HA4, FEAFYE £ A" V1A 97
ol §7tXI7F FE Fetan s, MEF E nlojr{2EL FEHY F vlojd s F2
71L ATl AHAHJA AME2A ol&E F glon, AFdE BRI FEFHAN =%
of Hoj 2E AEAZ MLE A AAFog AdHoz & ojds& AFY AL
2 Asdd

o A3 - E3Hx S

B d7E F5ho, HSVY 47146 tiF o3zt S7tatA =W, ghutolal2=A)
LATHA F P A FEFE 2 ABEs EAE SdstE e AAHA A
SR =, FAUAYEA HZ A2 art FL FAV ALEHY & g2 345
AAl & =0l 2 AHolrh
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AT GAA FEFET AR F sto], Mo F T

2232 WIst dlmsted TKe ABAAe oA A% ZARs, Ax AAW 2
2798 A TKS B T GTL BE AZEAL BAT + UE 7]
Tx3te] Besly, Sdwo] TKY 482 EAFH, 53] thymidylate kinase &
Ao) B4 ZAbeE I ¥ TK] 7159 fid 37t 8 Yol ol& %sﬂ 01;4
AAZ vrde F1ste HSVY FEAES ARY F=AAE FH5H,
Y FERG Fde AT BAAAE FEE vlol Lol A8-5ko ZH%WO% /\M TK
o BWade FHEH, 2D AVAEL BEF AT wug oy 24, 2 HSV SAWo
TK fraxte]l g 234 39 2 24894 F 54 24 54 2 TK AsjA &
Mol AT ol (g E Fx).
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[ AFER AFNE Y& 2 H
. TKe) ZAAAT | 7 vlo]ly2F9] TK gened] AT EAA A Z 9 cloning
AR EE B OTK g d 2
Ry . TKe} TMPK &4 XA}
n . TK s =
A A
. LAT gene cloning | LATHXA 24
CLATS AR A7 2R
AEZAA FEZE. vk G AFAE i AA &9
I AAEAAFE D FAL ABZMEANAM Y nlolgix FEDE f = 2 FAAA TH
AR 2 GAAA
s T L SAAA S
A7) . ) L
CAEANA TKEAZAT. 2D A719%5e 53 AX & nlojg{x old Oy 24
. Mutant2] host cell tropism ®|3
. MEZW dNTP pool H]
TE | BEAA TKEdWo]. rle2 2 vlolg &~ 97t 5F
AA_FY SALT o] FEAAE 2 H Mol HlolE s §HA FA




A 2 & U2l 7lsHe 8

HSVA) BEA F 4R SBA A3 SR, Q3 Fgol

9% A= 9A

g ge e JFERG Fo AGAs g3 Aoz ZAFHAEH A" 7]He] olF Tt
A steAE dEiA A @tk Culend FEZLEE "FAVST vlolg 27t 7HRH L
2 ZFAT QA @ AE7olEtn FYPT. A2 RE herpesvirusgol HAEE &
Aol 7153 RAew HFET (Whitley, 1996). x@z}gi s M= uvloly 27} thew)
2L 548 JtACk gtk 1) 39 WS T Qupold e AR AE Lo
2 %J}, 3) AX £23 §9Y98 -7 AL Z=A. Alphaherpesvirustoll 438t

HSV-1, HSV-29} VzZVe ARAEZY Fdge] slow AFMAE 2o Fdsto
retrograde axonal flow2 AZAAMES slez Zo7F g I FolA FEFHSIT
(Cohen and Straus, 1996, Roizman and Sears, 1996). HCMV &} HHV-69} HHV-7%} &
betaherepsvirus9] FTFEZFE2 monocytel} T lymphocytedl], EBV$} HHV-83-&
gammaherpesvirusT-2 B lymphocytes] FEZAHojgles Aoz o AZAT. HSVY F

B9 (latency)= uvlol2i2 FA AT} episome AE|E ME & Lo gleH, AMEY A
29 = trigeminal neurectomy$} sensory neurono] FEG FAEZ dHA o JFEZG
£ 29 AMUtA @AE FEHoZ) establishment (%), maintenance (F4]),
reac:twahon(?(ﬂ%}/H 3}). AEAo olstel AWo] A dEt= AL recurrency® XA 3T} 74
@A 5A4E&  ohg  Table 19 HAISYTE  wpolz vt FEZRE FHL
latency-associated transcripts (LAT) @@ A5 2 A 4 =4, LAT/F FELZIES &
WASLA = v Aoz deA vk LAT genedt " {Ax NE=E 29 Fig. 19
BEA 01'93\14 HSV-19] R EHGH FEERER vhy-29l E7]8 o] 43 AF R D o] go] ol &
ok b2 dnigef vlol 28 A AAZ A, 71h 21 Tol= ’%5‘}/\\173‘;1‘4' dorsal root
gangha°ﬂ A wolel 2zt A E A o), AW 2H & o} EAML) A Wi FE A4S
90~100% vlole] 2 9] F4) o] R H )} (Stevens and Cook, 1971). 18}o] 2] 2~ DNAE 1.9 ~ 24%
S AZZAZANA ZAFH, o] = A|Zbo] AT WA gol FEG P FFH 2 Yo
NS LHT (Sedarati et al, 1993; Sawtell, 1997). m}-¢-2 o} v| =3k A|Q AT 7} A}ghe] A
HAALAME FZH A} (Caietal, 2002). LAT-deficient EdH ol F7 FEZAHEL Lo 7%
2 ABY FEo) ojge] RuEnl 9ltd (Sawtell and Thompson, 1992; Devi-Rao et al,
1994). A EFY B FELY o) vkt A ET fA e A A A A
(Nesburn et al, 1967)%} adrenergic induction model (Hill et al, 1986)3} 7o} Aj & o) 52
T A=, #FEE A= vhel# 2t R g 2ol Vehdth LAT f-8 242 tiebg] Ao
-5 A3t (Perng et al, 2000) LATE S 0]F¢] ARG g 0] 2 GolA &= 1}
o 2y E7As 7‘<}0]7]- g1t} (Bloom et al, 1994). LAT promotr mutanti} 600 to 1500

bp A= AAA = E7|U vhg 2ol o] A& 7Har BRE A, Sexond A 9] A A
£ AL E7oA gt %;._}54 ATh (Bloom et al, 1996; Perng et al, 1996; Loutsch et al,



ARG FERYE o4l olel e Yol Brlel TGS ol &T RAe] AL Folth F
Zzeo muo] 2 o|&HET, slvhE nerve growth factor (NGF)Z #3}¥ rat PC-12
pheochromocytoma A E& HSV (50 to 100 p.f.u./cell) 2 A}7]= ¥ o]t (Danaher et al, 1999;
Su et al, 1999). Ato}idk-2 PC-124] E o} = circular forme] HSV DNAZ} ZHA €t} & &k 4
2 rati} m}-9-2 dorsal root ganglionic neurons& HSVZ 74 A]7] 3L acyclovir?t NGFE 3
7bete ARG AL G551 FA e Aotk (Wilcox and Johnson, 1988). o] 73 -%- Al Zujj ol
LATS =& o] #&EH, AFA-E NGFE A A AHY cAMP %4 ¢} forskoline] v} histone
deacetylases & 8] A 91 trichostatin AE 3 5}y -f =3} (Arthur et al, 2001). NGFA| A 51 A
1} forskolin® 7}A] & ol 4] LAT introno] A}k (Colgin et al, 2001)S &2 4= =4, ol
NG & FR317] A LATER ] glojof et Ag F5T 4 dov, FEAEHNU
% LATRAQ = AAAE 2/3 %l AL 28stH, AA 584 | 4L 714

HSV-1¢] thymidine kinase (vIK)= 376 719 ojrmjx=tez F4E 409 kDa9
subunit 2 /2 FAHO glew, ATP binding site?} nucleoside binding site9}
thymidine binding site®] A|7}A] active center’} €& A U} TK= ol g o 2 RH
thymidine®- 3}= pyrimidine salvage®] 34 g4 o]t} (Chen and Prusoff, 1978; Kit et
al, 1974; Maga etal., 1994). A|Z7F A d TK (cTK)$} 28] &4712 o297}t 27 g&
of ¢TKZ} o]& E3l= o8 HAFEAES monophosphate (MP)3}FsEH  thymidine
monophosphate (TMP)Z diphosphate3} &= TMP kinase (TMPK) &4 % 241 t}
vlo]gl &~ TMPKEAL vIKZ8AE O = @ 5o} olgt bromovinyluridine (BVdU)¢| 3¢
BVAU-MPo|l A BVdU-DP7} ®&d HSV-1 TKol| 2]Z3tch vIKel thdk dAtE 3ujold
2Ae] G435 2 FAIHA (Bacon et al., 2003; Chibo et al, 2004; Gilbert et al., 2002; Sarisky
et al, 2003), in vivo virulency, FEAHeZHE S A& AI3}, suicide gene therapy
(Balzarini et al., 1993; Degre’ve et al., 2000a; Fillat et al., 2003), &4 AA EASH 5 thf
3 BAo FFH A

=9 A hFg wlo A FREAEY in vitro ¥ in
vivo 4 §E 2 BA 437 A8E B3 WA ol FelAT Ytk ALl
A HSVE] ACV WATFSH ¥z #8 $AAE BAM5 7] 93 "International task
force on HSV resistance"® ©] Glaxo-WellcomeA}dll 95t HIZo) FAmI, w29
CDC (Centers for Disease Control)¢} ViroMedAl7} 353t HIVZEH At STD
(sexually transmitted disease) EAES 2 W7t AN AArt REFHJT (Snowden,
1998). ol ACVE Aol BaglE= OTC (over the counter)A] & 1995 WHE A
T AT nj=el FDAVE &FEe Jgoz Q3 YWAHAFFZA/NSAT 1 A3 754
ol A & ¢l7) Wik 3,193 Ho 2 HE lesiond swab culturedte] HSV
=2 %, HSV typedd 8 ACVe tid #r4dE ZASIAE, 240 ¢ 1,736 ¥
Z 986 WA HSVZ} &AER e, 887 & HSV-2 (51.2%), 99 2 HSV-1 (5.7%)°]
ATH ECso7b 2 ug/mio]ldd 734 ACVUIA Sz 1HEated 126 %o HIVA G Aol A
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T 7 % (56%)°] 860 W STDRANAMNE 1 B (01%)7F WEE UYehdew B
ECsoE 13.6 ug/mio|th R H= ACVUHAFFE] tFE TK-deficiento] 7] wj&E o
WA AT 2R FHY FZAPE 3 EQTE (Chibo et al., 2004). Gential lesionoll A
HF 3 A5 F primary rabbit kidneyA| Eo)j A wjtat VeroM XA ACVETAHE =
AVSFETE 2334 AA F 1,338 (57.3%)01A HSVZF AEEIAT. IF 1,194 (89.2%)=
ACV-sensitive HSV-2, 134 (10%)= ACV-sensitive HSV-1, 10 (0.7%)= ACV-resistant
HSV28th WAFT 9 77 Ag Aol S-AFHAEY, 9 7l EF penciclovirel] T3l W
3E, 6 717} ganciclovird] thd wmxRAZ-E VEFRA 9, cidofoviry}d foscarnetoll T 3 A
= BEF #IFFAL JEFATE Mouse A2 dlo) A neurovirulencez} A7) 8 7oA &
ZHALH. FHZ Q7IMEEA ]l 4 7 HF 4 7A7F TK ORF/Z4 stop codong &
ste E49WolE vERTE ACVeE fARSHA PCVUWA ddutolei 2] tisiE A+
7b o] FAM T (Sarisky et al, 2003). ¥ FAfFHZol= HSV TKE |83 94 f4
AQ R olg3tH e EAoZ HSVY TKe) tizt d77F @dsixz e, o vIK
7b TKETH FH9 713& ol83t7) wjioln} (d, ganciclovir). HSV Bz ojg
Aol 2 AAe] Jo FEAFGL2ZHE Y AEAde B9t TKY 9T o= 2
2 ol JFHZ Yok

=9 AT Thg3d vtol =g g shutolg 2A dg AT F A3 At A
LTREAEY in vitro @ in vivo &AM 2 YA 5 2 T#E §A IR
713477t ol A L AT, B AF"EIA 2ol in vitrog} in vivorl AH A3
= 2ol a0k BAE @tk SeEUeNE TAAel e veldaE A
AP Aol A ¥on, 53] HSVY tiah d79 A$e o Aok & A3€-L HSV-19
F¢ TKEdWolutelziaEd td dAFE FANYEY, ©]EL TKnegatives)
TK-partial + w22 E2jg-& &AL, 2 9 vlolglxEo] FEA G Bz
AL T 2 Aot AeE FAAT TKule|H AFE ex vivo ABAHALGNA AL
4S A9 JdeEllA gred &, AR8 (182 olnjxAh)g A &5t TK-negative Blo]a] 2~

< HED ARzHozHEH violg 2t AZAHEA Fo} TK-partial EHWlFE A
4ol ¥ mouse ZHARHANN FAFHUT. H 2o pencidovirz AW A o]
=8 ¥ 2" 5 /He TK-Ed™elF (PRl ~ PR5)Z FRaAEd, ©]E % PRI (119
obml=2h), PR2 (1030}u]:=AH) 9} PR4 (272 obmj=Ab) e whil o] Ceterminalo] 271 72
o]#, PR3= N-terminaldl] stop codono] T = o] TKHHAe] 2 W Azt codonol] A
S o] AR B wlelzl A% FU3 N-terminal mutant2 A &FE€7bx)7} =
AAZ ZA4L TKPo|A gk TKe] 2dL A7) He AL FAF 4 glnh. B a3

ket A9AER HSVE HEH nkere] 22 ortz 2334%d, Ag =
u}

L

o

e Z_
2} mlolg{ 2 FAo] AREE wild type Hiolel A9 e TKulolgls Fo 7
71 A 23 9ol upol#l F4o] FlEA ¢k WF, ARSFH PR mutants =
I P A AR EE Hog Hol, TKIF A& A Bad el ohva A
Pl

27 wolel 27k 0B Rated, BRIl AolfA k] W B AT Ao

T2 o B

Hoox ® do ¥



Hog dol}A &g A5AE Al Stk AAReld] A% HolHe] 2
23 2, ABAIIANA TKe 8L AT 4 A& vmA FIAR Py
o] g5 AolTh. HSV-19 REAAE ABHEo| A0l AR TK-EAH

4

o
=

b

)
Sl
i
<y 2o R

BHAANNT, FEAEE AL FAW thg ARl dolunh, TKAh ARl 2
HolA grhe 377 B Relth MEAAE o4 EAAR AHI AFE o

HA) ) FaF HES AABTE o|F 3| APe] AHSY BAAe|F o] TKEA
e £5E e 2ok
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Classification

Induced with acyclovir Induced with penciclovir
TK-negative mutants ART, AR3, AR7, ARS PR1, PR2, PR4, PR5
TK-partial mutants AR2, AR4, ARH, AR6, AR9 PR3

DNA polymerase—-altered mutant ARS




Table 1. Major steps during the latency-reactivation cycle

Establishment of latency

. Entry of viral genome into ganglionic neurons

. Abundant viral gene expression and DNA replication (acute infection)
. Extinction of viral gene expression

Abundant LAT expression

Maintenance of latency

. Expression of LAT

. No detection of abundant lytic viral gene expression
. No detection of abundant viral DNA replication

Reactivation from latency
. External stimulus (stress and immunosuppression for example)
. Productive infection (extensive viral gene expression, DNA replication, and
infectious virus)
. Survival of latently infected cell?
. LAT expression
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Map of the HSV-1 genome region expressing the LATs
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Fig. 1. Map of the HSV-1 genome region expressing the LATs
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7). HSV-1 TKe] &84 A7
HSV-1 TKe] §32 (IK} €2, o 7} 1 NNHES 8% F e Holth TK

gAdoz2 o7 714 nucleosideEE QA3 Az w 0}‘43} TMP¢} BVDU-monophated)
AA71E F718h= TMP kinase (TMP) %VJE AU Yok AGAAE Tt £ 7ol
FEHE SdRolFY TK 84& ¢ & don, TIMPKEAAREE & 4 §igi7]ol ol
£ ZASIZIR ST WA BYYAE A" TKVF TMPE 2 2A$, 7" Q4719
ol dFo] TMPE Sol23AZIth o]F Yole B AN F A¥YA g2
TKE= AAste TMPKe BAME4S SAsHE, nay 47 TK 248 AFEN &
itk TMPKE4Y 4L 712 TMPe AlA8¢1 TDP 2% °V‘}7]~ BA3t7)l
TLCH HPLC 48 o] &3jokel= olgo] itk &, vIKS} TKe| ®hg-27A0] @it 7t
ZFe] BAHE st SAHYE £ gled, vIMPKY A¢ 18 £ “Of’% EE Alxol
IMPK7} EAst7lel A 222 TMPKZAL AT & itk mabd 249
vIK7} %-&0}04 EE 2g¥olFY vIKGFHAAE tigdu 2dS 93 22432 3
Atk ols TKEHAS Belste A48t 5L A8 ZF Eduo]FY A 2 ¥
EA Al 01]/\1-4 543 Ao Eo] EHoz thgy 22 Ao FYHck

(1) TK #3444 28 A3 HSV-1 Eddo] TK #3149 224

(2) recTK @iz o] £y

8) o] TKe] TMPKZA

@) TKA ) A] &M

U, LAT 2719 224 9 97149 23

slolejzr} WHEAA F AU Fao] ZAFE AS LAT genee) RNACl a}aw
FEADE HEF O w@— FISUE Bolsks o WY

2. AZAA A+
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7h AEAA FEDE 2 A =Y

HSV-1 TKVF FEAgo 28 A AU & A9 7P 48 ARtk A
B nhoA FGALG A vk AatalA o) dorsal root sensory ganglia® Zigo}@] Vero
AT cocultured AR AAATANME TK (F)9+ TK® (AR2, AR4, AR5, AR6, AR9)9] 7
Aol A BT dojton, TK| 79 AR8S] 45 AYstis A&de] dojuA] ¢ttt
AEHE ARS8 {2 nlolgfAE AR VeroM X FEFES o]&% TK ©¥Fo) t)3k Western
A d3= ARSH 22 {39 A2 TK ©Zol ZAHUY. F&9 A5 /A 4329
Apol7b A, FEGE Gl AZAE F Z %7t slolgizd AAHAJEAE FAT + gtk

webd TK woleize] Z49® whg2 ARzl slolgz ABAe] YohtA gt olf2

A1) TKEAJo] QAo d4Holoj 1 Aol AHE A4, Ex 2) FEUEE nlolgx o
ol FiH oz HAAY g7l ABAel BAEA & F& Utk olF wHEY] st #dE
op¢- o] wlolg A FEAGARAQ] AAZAL HZsha] Aab wjokA 7D, wjokE AZo) Hlo|d

22 FAEA ¥ FERES F28lT, FEREE AN 0, AL /= ‘5‘}“4 Flet= H

HE FHsd, TK Sd¥e|F5 g AdS Fastd TKZA ] A4 BRFAE 24
712 2Rt rhes dAABMEY AFY YRS, 1 HFATE 5 "‘1“7\‘5 N H s
FEZFAT Bo] o]&Fa & PC12 (rat pheochromocytoma from adrenal gland)A|
ZFE AR @A o)&siriz AAIAT. FEALE FE37] Aside blelg s
DNAZ4 AsiA) ACVE 27bake] vholei2 248 A%t PlaquedAtg o] &3
ATl o] wlolals @7} 24, PCRE o] 43 Hpo m* DNA%¢), RT-PCRL o] &3
LAT transcriptsEAE &Q1ste], FE7FYGo] HAU=AE At grt. =, A ZajoFd oA
ahol2f 2t AAHA ek M EZUe] mloleix Bo| fAAI AAHW FEALEYT
TSI vlolgiart FRAGEH BE AZAA FAZHCE B fEE T4 o)
th olE 98t NGF-AA, UVEAL, 1L Ay, FEAHIUHT  indicators] T oo
coculture & o] &3t om, AP FHAL nlojzlx plaquePdAPE S ol &3t4t. o
=3 2L dAFE FRSAh

(1) B2 Q7 AAAE

Q) AHAZY wolelz FRAY FE 2 B

0) FEREE AATZEE ALY 4= D 4
(4) Eoo]|2Se 7(151.71C§al g QgAdE v

+

TKs} AT 249 452e A7
TKQA $8ou} TKer A 1 2t B4o] Jars FAL 9e A 84
EA2AL Foh)7] 915t Hho]2l 29k mock BAM T %Hﬂ@%
ML ol4akd 2A wo% 23, TK' s} TK ko) a% o E
5o
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ate] wlo]lHAZAFAZY Thdel o FEAES A6ttt =3 TKEAd ot Alxzt
F49 ZAol7t e AE RABIY oM, vtolai ZAFHIEY TKe localizations 333t
At AFHE= B 2ol 7|55tk

1) Ax F289 2D A79%F

(2 AX thymidine ¥ F=3 £4

(3) HSV-19} cell tropism

(4) HSV Az 2] TK @A o} localization

3. TEAA A+

TIOH A2 ¥ 3943 3a09 2 ABHe B5HA7 EE ol 4B
= he @al Ao HhpAE T8 TRr S5 Tkp ol 472 AR 0 3
3 27, BARAN weld 2 drhet wlelaz fARe EA 4TF 2ARAT 53,
LA ARG AL LAT 484 288 2489,

ol
-

A 24 AIAs 2D by
1. A¥dA=s

7h A E

o] &3 MEE T VeroM| X (African green monkey kidney cell) (ATCC CCL 81)
¢} 143B M| E(human osteosarcoma, TK) (ATCC CRL-8303), 143 PML BK TK (143TK)
(143B  containing HSV TK plasmid hybrid) (ATCC CRL-8304)9} PC-12 (rat
pheochromocytoma from adrenal gland) (ATCC CRL-1271)%  American Type
Culture Collection (ATCCO)L. 23R E] FUstHrt mlolglA TKHAR &8 AT
1 FTK143B (FTKA|X) (143B expressing the TK gene of HSV-1 strain F)& £ {78
o] t&3 o] AzFEUTh: AAAETY HHA @wF Vectorol pcDNA3.1/HisA
plasmid (InvitrogenAh)oll HSV-1 strain F¢] TK ORFE AFYAI713L (pFTK1), TKQ
143BAIEE HeolAl713, 600 ug/ml G418 HATEx) 5} /‘@ %7}0 AJo] selction
marker® &= o)

S N = B

Mol AFEE Blolz} 252 Herpes simplex virus type 1 (HSV-1)  strain F
(ATCC VR-733)%} 22HE §%, 2ag ACV WAFEY  HSV- strain ARl ~
AR9¥} PCV U Adulola] =321 PR1 - PRSE L}

N ER!
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Escherichia coli (E. coli) ¥ 2 HB101, 71-18, DH5a, BL21, AD494 Fo] o|&
A

2t A RFE .

TR eATA AYFEAY, I thIntel ey I} YR Charles RiverAl®
¥ SPF (specific pathogen free) 4 82 BALB/c 7} ¢4A L FYsty, +F 5 -
6 mhel ¥ B/ LF LT FL - dF AASAHNAN dFLN HE4A g AF)

o] 43Tk

o}, plasmid DNA

HSV-1 TKH AR 22498 913l pBR322, Bluscript + [BS(+)] (Stratagene), T
vector (Promega)o] o]§=H o™, B3I FAX 2dL A= pET283 pET32a
(Novagen)®} pGEX ( )&o] o]&= it}

uh AP oFE

TherpesFER A ACVE A3 AGo2RE, (s)-1-(3-hydroxy-2-phosphonyl
methoxy propyl) -cytosine (HPMPC)= GileadAl2 5 7)Zakgko). Phosphonoacetlc
acid (PAA)= SigmaZFBH FY3tP2n, PAAE FHFol UHAEL 100% dimethyl
sulfoxide (DMSO)ell 20 mg/ml2 = A}-2351 T}

2. Ay

7b M 2T i

VeroA| £ At gell= A& 10 cm petri dishell 5% dxjgl® fetal bovine
serum (FBS) (Gibco)@ 4 ug/ml gentamycin (Gm)(Sigma)e] A7}Fg  Dulbecco’s
modified Eagle (DME) wWix] (Gibco) (DME/5% FBS)ollA] MEZZo] @498 wj7}x
37 C, 5% COz wjF7llA FAANATH MEE 3 -4 4 7HHSE trypsinH ] & 31
Aistdt. vlolg FA4 o 2% FBS7F 3718 Dulbecco’s Modified Eagle (DME)u}
AE ol &3t 143B A FEE 15 ug/mle] 5-bromodoxyuridine (BrdUrd)7}, 143TKA| =
= HAT (0.1 mM sodium hypoxanthine, 0.4 uM aminopterin, 0.016 mM thymidine)
o, & AFZF EAR FIKMEE (Kim et al, 2002) HATS 600 ug/mle] G418
(Gibco)7} d7Fel DME/10% FBS wjFoiol A thujoksich PC-12 MEE RMPI16409)
5% FBS<} 10% T ¥ (Gibco) WAl 4 - 5 4 R0z A ok slgon, MIE
S Hshx= 50 ng/ml 2.5s nerve growth factor (2.5s NGF) (BD Biosciences)S- 3
Zbstdth. mhg-29] dxbujor NAMZE 10% FBS7} M7bE Minimum Essential )
oFHell 10 ng/ml 255 mouse NGFZ ¥7}stgt}.
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L Bp-2 A7 A el U} ufok

mh-22 A7, dorsal root ganglia, optical nerveE &3}, ¥4 7tz &
A &AM 1 mg/ml collagenase2 37°C, 1 A|7Hg <t v sttt Pipettingg 2 W
ato] 22 & &3] e AlF]aL, 200 ~ 300 x gollAl 5 £ HE Q4RI AS5HL
AAT AT WFdE A7bst oAl AZE BEAY QAR S AFs. ¢
A3 fgjd ABAEE hemacytometer® A E £F FA 3}, rat-tail collagen-coated
culture disholl YASA AZAEZE wjedsdoh AAAE W 10%2 dxz"
FBS, 4 ug/ml Gm, 233 10 ng/ml 2.55 NGF7} 37}1¥ DMEsA (FA& uj x])ol) A
37C, 5% COy HMi¥7IdA FAAAS. 4 4 WF F FAE wixd) 20 uM
fluorodeoxyuridine®} 20 uM uridineo] H7}H antimitotic medium-& 2o] Hj k7|0l A
2 dAFx il rh ©l= nonneuronal cell populationg ZHAAIY|E S&L dr).
ole} Zro]l {4 wjx ¢} antimitotic medium S 2 WZo}l 7w AAHIE 12 4 o]A+
Hlj k7l 4wl sl Tt

o}, vlola{ 9 F4

E= Hlol2 &g VeroM ENA FAARATE F, T75-flask (YA 75 )l A%
@5o] FAHW wSAL AAstE vlojd A2 DME/2% FBSo| 343a 15 ml u}
oj{2 FMolo] M 3 T 0.1 MO (multiplicity of infection)o] HE=ZE HZ5g
o 37T, CO; wi7lolA 1 AT B¢ FFHAIZ g wFAL AAsIZZA Ao
FHEHA £ wpol2 &5 AASSIY. DME/2% FBSE 6 ml 378 ¥ 70%9] AX
7} CPEE uehd wi7hx A wdd og Az wIFde 35sq g 99
o g3t 70T A dal 37ColA ZolE Zde Al W AW F 4T, 2,000 rpmo
210 B2 ARSI 4FAE 4% &7l BFF g 70C T AL
Foll mlelels FFYo M RASHT, APHHe) upolgd A2 37CAHA A3 =9
AHESEH oW, ¢ de H st

2. mlolal2 Q7S

BholEl s Fa A A7tE U7)A8A plaqued MW} cytopathic effect (CPE)7 28
= ol &5t AT 96-well == 48-well plated) confluents}A) WjoF® Verod X
Zo] DMEM/2% FBSO| 11022 A48A4g nlolal~2 welld 100 ul® WE3 1
T A F FHER] Z3 ovlolgadS AT b 100 ul EE 200 ule BjtAS
Mzel H7letdth 3 d b w3 thg 48 well plate: crystal violet® <44 5}ed
plaquet& MY, 96 well plates MTTHMH-S 0|43 CPEAMWom zArgch
Alol# 297k Z4ZF PFU (plaque forming unit)/ml X CCIDsp (50% cell culture
inhibitory dose)/ml2 ZA| gt}

H
s

5}, ghulola s ok
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%;qzwe virus-induced CPE A#H-& o]&3lgdom, nlelgjx Tato] B2y %
of ¢kE o] HIF AT F, 96-well plateol VerO/‘ﬂ§~g Z2A171 b2 DME/2% FBS
vjorlo g 3 AME wlo]lAE Zb wello] HZEFo] 100 CCIDs7} HEZ 100 ul® A
1 A1k B9t 37Tl FR3AATH HH%”%‘—"- AAGLZA FFo] HA X3 ut
£S5 AASEY. 2 FEER IAE GE duplicate® 2} wellel] 100 ul®
Al 37T COz viF7IoN A 3 d vioFst ohg MITHMH o2 50%2 MEE Abo}
GEE 3 ES FE=E ECxo (50% effective concentration)2 ZAA3IHTh &Y =

=
=
=

o w

ol oFEel ZAs FFE & F URF wielEz HFA wlely st HubEA g
ol S AEe] ¢ald ohg (mock-infected) BlolEi2z HEFH A Xt T2 wpHo

—

E ALHAT F, AL wiF T oA AAHQT wigdel FME FEo
duplicateZ H7}=HSch 3 4 i 3 MITHAH O 2 Eo] H7IE 74 welle] 4o}
o AEZFE | A7IEA &L AlE control well# ¥lmsl 50%2] HEE =
=5 3 G5 FEE CCs (50% cytotoxic concentration)2 2 ZAA 84T}

ok

vk Al 2=

*E2] cytostaticETE &) §3te] 96-well plates] 25 x 10° cells/mlz A
VeroM| £ & 247z} 100 ulE 931 1 U7F whobst ohg, wjokde] 2 T2 3w A8
E WS 3 A o NFF e MITHARE ol4ske) CCuwd 2R3k ool
=/4E& ZABIAY. Cytocidal EF AL sis S Ax = ‘%’— 3 Azt wjerst
of YT ATVFE oA B Ty HBE WIS 3 U O Wl
HE M T FE CPEAEES ZAMOH

=9
o2

oli
L

u] /kg A

o

Ak MTTZ A

o AL dopbde M Z 9 mitochondrial dehydrogenser} = g@A8-& M
Heplg A9 formazan2 2 FAA7)3, o] AHES H7140)E = FREE
st Aoksle MES F& MEY 2 Ahgez wmstE Aot (Scudiero, et, al,
1988). kol Bt Verod X o} wjokllg A A5 DME/2% FBSo) 3 mg/miz 3] 4
H MTT (Sigma)d & 96-well plated] welld 50 ul® Qo]& & 37C CO, v oF 7] o] A
F A B wiekE ATy AAEtE isopropanol/6% triton X-10098-2 100 ul Az}
welle] ¥ol& T wwr|E o] 83l A formazanZASo| #AF) =22 Fgch
Microplate reader (Vmax, Molecular Devices)Z o] &3}¢} 540 nm9} 690 nmo) A2 &
FES AU Asp Awo® FFHA)A] blankzhe W e cell control@ virus
control®} 8] W&+ o).
5, dnfoly A=

(Apusv —~(Ac)usy

(AC)mock - (AC)HSV

3
e 3

ox, i

ofd

x 100 (26)2 A
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1 - (A'I‘> mock

(Ac)mock
(Ar)usv: BRol2] s} oFEo] HItd welld T3
(Ac)usv: BlolE 27t A7t welle) F33 = (virus control)
(AC)mock: Wl FH Hto] oFEo] Hrlw welle] EF % (cell control)
(ADmoc: 2FE©] HITE welle] 3=
SHSVEC 2 BE EGoot MEEXA FHe® ¥ CCopd T8 F selectivity index (SI)
(CCso/ECs0) & T-3}STh.

x 100 (%)2A

of. Tl

Bradford ¥ & ©]8-3 (Detergent Compatible) protein assay kit (Bio-Rad)Z o]
%6}5{11:}. olRFHT} AIEE EFE 02 mio) 50 ule] TElF HFFAL Py He
02 5 ¥ ¥ microplate readerE o] 43} 595 nmol A FFEE ¢Att 2t crude
eX’ﬂ‘aCtﬂ e M AM FAZE FAHSNT & FEE bovine serum albumine
(BSA)9] FHEE o|8F EEFALE 28 9ild =8 AEsAC

2}, SDS/ polyacrylamide 7] %

Hlolag HFF AT A TK wdgdoht E clid A Edo] x50 A
d wde Fo1de REsted gy 98t AM-EH T SDS-PAGE gel2 125%
£ AMSstsith. SDS-PAGES gel® seperating gel# stacking gelZ 1ol 2) =4
separating gel 10 mlE ¥+&7] 98l dHO 3.3 ml, 30% acrylamide/bisacrylamide
EFY 4 ml, 1.5 M Tris-HCl (pH 8.8) 25 ml , 10% SDS 0.1 ml, 10% ammonium
persulfate 0.1 ml, TEMED 0.004 ml-& 41-& A2 10 cm gel Fo] AFo] Ux] &A =
AsiA R 40 B ¢ S-S AT 7)o 5% stacking gel 3 ml (dH,0O 2.1
ml, 30% acry]amlde/blsacrylanude EEY 05 ml, 1 M Tris-HA (pH 6.8) 0.38 ml,
10% SDS 0.03 ml, 10% ammonium persulfate 0.03 ml, TEMED 0.003 ml)E w5 &
< seperating gel 9loll HolA combE 1 204 Z& wj7tx] FATt AJBEE cell
lysaten} BAl€ ©¥A AP SDS gel loading buffer (50mM Tis-HCl pH 6.8, 100

mM dithiothreitol, 2% SDS, 0.1% bromophenol blue, 10% glycerol)¢} 412 3 100°C
we =M 5 £ E8 Thste @ EE WAL o] ARS FgdlA :L@?l A

A @A AR ESAG dFFY F5AL 125% SDS-PAGE gelo] Y3 #A7|9%
< stoh

). e A

4

p

A7) 95 & vl SDS/PAG gel9] silver staining2 SigmaAle] kitE TYst] A

FAHE 8P, comassie brilliant blue staining& Th&-3 o] aystgcth =

¢
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719F 8 gele FMAH (0.25% comassie brilliant blue/45% wEH-2/10% acetic acid)d]
DI 4 ATEE AeoH MM AW GYART. DAY 45% WgL/ 10%
acetic acid)& 3 - 4 H RT3 4 - 8 AlZF FoF 2AAZ] og @A MESS F¢)
A

7F TK @@ o] Western £4

Western blot2 o3 F7 WFL F=2 125% SDS-PAGY) 7gEd Fd
semi-dry blotterg ]85} nitrocellulose®te 2 Tl A8 3 A|ZHESH o) BAAT ©
WAool &AZ =& 3% BSAZF H7tg 1 x TBS buffer (10 mM Tris - HCI, pH 8.0,
015 N NaCl)Z 4T 4 A} blockingA] 7l ©+2, 1 x TBST buffer (0.05% tween-20 in
TBS)2 d2ollA 7HA &8 FHA 5 27 2 3 AAsIAG E7ldA "d3tAA
A2 TKo) gk g8 IXTBST/1% BSA bufferd] 1:1,00022 3 A3 foz Ao
A 1 A|ZHget ¥HEAIZl g 1 x TBSTE 2 3] AHsAth o|xaAE 1 x TBST
buffer/1% BSAZE 1:10,000°.2 3] A3}l alkaline phosphatase conjugated anti-rabbitd 3
S ARgEtd AeoA 1 A7 B9 wigstgem 1 x TBSTE 2 3 AHs =
BCIP/NBT (5-bromo-4-chloro-3-indolyl phosphate/nitro blue tetrazolium) &% ¢} 712
B wgAlA 2 |

B 3T TKR-HAF ey} TKed a3

GST-Husion ©¥ AL AHES FAHAIE E oli= Ampcillin (50 ug/ml)#}
chloramphenicol (34 ug/ml)¢] ¥AA7} Eol= Luria-Bertani w1 g/ ¢
tryptone, 5 g/ ¢ yeast extract, 5 g/ ¢ NaCl)oll HZF3H}. ODsw 0.60] & wW7t=] 3
7CoAM ¥ F 01 mM isopropyl B-D-thiogalactopyranoside (IPTG)E #7}sla] 2
3ColA 200 rpmo 2 MESIHA 15 AIZHEQG T4 AL Sty Bhelglob u)
FAS 4TAA 5000 x g2 10 £3F YRt e JHEL lysis buffer 1
(60mM Tris pH 75, 1 .M DIT, 5 mM EDTA, 10% glycerol, 1% Triton X-100, 0.1
mM PMSF, 150 pg/ml lysozyme)ol]l HEAZ] &, pulse on 10 %, pulse off 30 %, 10
3 ¥HEo 2 df 4ollA sonicationA|ZATH 28149 VIK proteing S35}y 9 A
12,000 rpmellA 20 £ F AAEZYAA FeAHe AESFHPT o] AHEAA
GST-vIK  fusion protein?h-g& AA|8 W] 23t} Clutathione Sepharose 4B
(Amersham Pharmacia) columng o] &3ttt A}&3}7] A GST columne PBS(-) 2
12 A2b7bek E Bl lysis buffer 11 (lysis buffer [ ol lysozyme®} PMSF7} 371w
A e A)E BEIAZ F column F v} F3] 9 sonicationA]Z] AHE WS columnol
THAMAT columng lysis buffer 2 A3 &, elution buffer (5 mM Glutathione,
01% Triton X-100 in 20 mM Tris-HC)® fusion proteing #3a&] Wk o)A GST
column purification A AL 4C A2 A F3) =k

o2l
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His-tagged @i B3I E #H M= Ampcillin (50 ug/ml), kanamycin (15 ug/ml),
chloramphenicol (34 ug/ml)¢] FAAZE Sojde 1 19 2xTY ujekd 1 Iof] TKZ3
plasmid2 Ho|® E. colif HF3}la ODen 0.6°] E wWi7x] 37ColA wjdst F
mM IPTGE FH7}std 30TCo)A 200 rpme 2 AEEHA 3 AIZHEQ a4 AA
=T wEl ol WA e 4T A 5000 x g2 10 £7+ A48 s9 L A
< lysozymeo] EFH 10 ml®) 1 x binding buffer (0.2 mg/ml lysozyme, 10 mM
imidazole, 0.5 M NaCl, 20 mM Tris - HCl, pH 7.9)°| @&s3s}o] -70Col A FZAAHTH
THAE o A 4FF2 protease inhibitorE (100 ug/ml leupeptin, 100 ug/ml
pepstatin, 1 mM PMSF, 1% aprotinin)& 37}3}a =< & 4TelA 20,000 x g& 30
1 AR5t AFAE HAstd 2HEHE FHAA FasQom AMEEYT
Ni""-affinity chromatography® 53 A 7% Novageno| His:Tag purification &
wskth. NiT™€ 1A A1Z] His Bind metal chelation resing o]-&3}o pH 799 ZZAd)
A5 mM, 60 mM, 100 mM=Z imidazoled] ¥ 52 Z7IAF7|HA a7 A3
% 1 M imidazoleo] XgH HFHog L5l B}t €280 T4 NS Stirred
cell (Amicon)g ©]&39 FZ3 YL Econo-Pac 10DG (Bio-Rad) columng E 1A
& AAST 20 mM Tris - HCL, pH 802 ¢34 oz w3319t} Anion exchange
chromatographyE <3 3}7] 93] Resouce-Q (Pharmacia Biotech) column & o] §-3}<]
flow rate= 1 ml/minZ 30 £ A}o)d] NaCly %7} 08 M2 Z7IES& linear
gradientE o83t} FAStAT. TK &) H#E D fractiond Fo} F&sly &@=z 3
FHLFPL T1eEe] HAAY AALE A7) YA gelfiltration® 2 THA] A A A
TH5 A GelAfiltrationg 93] A= Sephacryl s-300 (Pharmacia Biotech) column
ol &3t T FFPog (50 mM sodium phosphate, pH 7.0, 0.15 N NaCl,
0.02% NaNs;, 1 mM DTT) columng S3HAA EFFHt GSTAAS Y=
thrombin cleavage ¥-3-& ©]8-3t}. Z, Fusion protein 1 mge] <10 units®] B L F
thrombing H7}eF &, 15 AIZF Aol A WAz} Cleavager} $HeistAl 24 ¥k
&2 ™| Clutathione Sepharose 4B columndl] EHA|Z 24 GSTE AART Y35}
= TK protein?Hg A& 4 ATt

2ot o

o w to

3}, Thymidine kinase @A=A

Wild type HSV-1 Fo} wild typeo 2 RE fa#® GANA uvlole{29 TK/TMP
kinase ¥/4& Z43st7] 93 tigFo2Ry £2gd 3 58 AW TK g2dg o
&3ttt wh3-E reaction mixture [20 mM QAF o, pH 7.5 (0.5 M Na,HPO,,
0.5 M KH:POy), 10 mM MgCl,, 10 mM ATP, 10 mM DTT, 0.5 mg/ml BSAJ¢)] 5 uM
[’H]-thymidine (specific activity: 83 mCi/mmol), 5 uM thymidine oA o431
a1 7)) FAE fusion protein®} dH,0E 715} 50 ulE ST} o] 37C A
30 7+ ¥gAIZ th¥ Whatman DESI filtero] ¥HS-2 28 SmAAT 271 4 mM

—

ammonium formate2 ¥ ¥, Jgge] T W AolFE F filterS AZAA PAN S
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A Z3A7] (Packard)E o] &3t WMAlEs 4712 DPM (disintegration per minute) 2
AaH . wloj 2o A" MX %%%a 4G XY Aede i #
| Z4)13t9th: VeroM| X vlo]z]2~E 5 MOl /cell2 HEstn w3 thg 50%2)
AE7F CPEE UEHE W AlEwe ﬁrob‘l F W PBS(H)Z AAF v, PBS(-)/3
mM DTTel R-fA1Z1 & 70 Col E@3Geh 37CA A3 <A o, Nonidet
P-408 01%7F HEZ F7Is 3 484 5 3 AUt 4488 E 2 £33t
B3 45de 70T 2ASA.

o _}N dg

5}, TMP kinase @44

HPLC anaysisZ E3] TMP kinase &4 ZA3g k. HPLC 42 SCL-10A
vp system controller (Shimadzu)oll 2}3] 3= ojH k. TMP kinase &44-& 337
A3t reaction mixture [20 mM <AF &#FW, pH 75 (05 M Na,HPOs 05 M
KH,POq4), 5 mM MgCl,, 5 mM ATP, 40 mM KCl, 1 mM DTT, 0.5 mg/ml BSA]& &
Hjgk &, o37]9] 50 mM TMP (thymidine 5-monophosphate), A€ fusion proteinz}
dH0Z F7tete 90 WlE HEUTH o] & 37CelA AZE (1 Az, 3413, 154172
Hh3-A1Z1 oF8, ¥k =X E 98] 10% Trifluoroacetic acid 10 ulg WHSA|Z] Al &

1_ - O
Folth, 8] ¥k2-E 40 ulE HPLC columnol] FYAIZ] F, 260 nmol A Nucleotide
52 buffer A; pH 35 (20 mM KHPO, 5 mM tetrabutylammonium bromide)<}

buffer B, pH 35 (20 mM K,HPOs; 5 mM tetrabutylammonium bromide, 60%
acetonitrile)ol] ]2} column (250*84.6 mm, particle size 5 um, Termo)/dolj A £ & o]
Aok EAA] buffer 27 1 ml/E¢ £ 2 time flow(®), buf. B value (%): o &,
6%, 10%, 8%, 11 &, 10%, 38 &, 12% 7} & |3t

7k A 22

Plasmid DNA transformation, &% % thsF £, agarose gel A7]19%, ALt
29 Ao, DNA fragment®] agarose gel 2R E S 48252 Maniatis et al.*o)) A
49 PPS L olg s,

1. Blola] 2 DNAZR

Vero Ao ulol#|2FE 5 MO.L/cell2 HF3la v d3t o2 80%<2 A ¥E7} CPE
S UEE o A sjgAE 35 o 3 H dHT 59 AZE A=Y 3 Y
AEestith A A TE 38t oAl 12,000 rpmii 2 A AR A
H}O]EL/E%— 500 ul®] lysis buffer (05% SDS, 9 mM EDTA, 10 mM Tris - HCl, pH
75)  FfAIZHTE 37CAAAM & A7 wiFdt g, 3 W phenolg, F W
phenol/chloroform2 2, 34 chloroform© 2 DNAZ &3 F oeg IAxyes
DNAZ 24539tk DNAS 50 ule] TE (10 mM Tris - HCI, pH 7.5, 1 mM EDTA)
of B AlZl F 4T REEstET
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. AR PCR S

PCR& DeltaCyclerl™ system (EricompAh-& AM&-3FATh HSV-1 strain F¢t 9 749
ACV WAl dlola]2~E9 DNAS Estd BamH 122 AW FT  (Tth
polymerase(Perkin Elmer)& o©|£38te] PCRE 339t pFTKe} pAR1be PCRFZF
o & Ultma polymerase (Perkin Elmer)E o]&3}5t). pET28a(+)o]l 243171938 o]
49 expression primerol= %Zo)| BamH I, Hind 1lo)] ¢l3] ded & Y& H9=
A7bst R, pcDNA31(+)d) o] &5 E primer %Zo|E BamH I, Not 1¢] 2ls) A&t =
T Ue FAE Ut vector AYAAR T AY F FAHAH ] &olF=EE AT

k. DNA g7144 2R

HSV-1 strain CL101& template® 3+ sequencing primerE ©]8-3}%] Plasmid
DNA BS(+)1} T vectordl]l 24 Hojles HSV-1 () HATFES TKHARS 4
71MEE 28R, A7IYFS 6% urea/PAGE ol&3tth ArIAE AFAS
#18td dideoxy method (Sanger ¥{)oll 913 DNAG7IMAAFTEAMIIES BE{siT
A AzTEALAE E4e 9HA.

ok, Herpes simplex virus2] DNA £24

Strain F25-F HSV-1¢] DNAS &3 v AFaL BamH (22 Fdsia. TK

AAE T e 34 KbBUL 548 ARa4L2 AAE plasmid DNA BS(+)
Vectoroﬂ F24Y35ly DNAYG7IME ZAA o)&stATt HSV-19 strain FSF ACV W
dutel® 252 AR1~AR99] TK F¢ DNAE ZZA7]7] 943 PCR (DeltaCycler]™
system, EricompAh)E 33ttt olu) rTth polymerase(Perkin Elmer)E o]&3tg o
™, 1.9 Kb PCR product® T vector (pGEM-T vector; Promega, 3.0 Kb)o] ArgA]7) 2
TKAH S AT ATEL Byl 18} Hine 12 o) 431 AFsdot

BE. vhe-s 220 vlolel s R AE
H}O]a’k"l | e vheE A vloly 2 FA2 AEFL IntronAhe] RNA
F kit RNAE #33}3, RT-PCRZ FZA17] t}€ 15% agarose W7 Fo=z 3:]'
?lo}?iq'. 225 AEE AAANE F9 2FL M2 A AE
casy blue (RNA extraction - H)E Iml Hrlstch o] i, 100mg 715, 29 oFo]
easy blue &9 10%2 ZFslx YEE stgch. =& I} & AXEE

pipettingstil, 0.2ml chloroform? 713t & A& vortexdt the 20 3 B AT 1y

L

Skt 4°C,12000 rpmolAf 15 £3F AR £ F A5AL N2 & tube 2 S A

t}. 0.5ml isopropanol 7}3F & 2 - 3 2} 4o]Fa thA] Ao A 10 B3 X519
o AAEYE 12,000 rpm, 4ColjA 15 E37F Fadn AHES 75% etz A3}
oh& diethylpyrocarbonate7t #7189 B9 =4tk o] & IATH100 ng o4, F&3
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4ol Wb HE)E RT-PCRo] AME3HT. RT-PCRY IntronAle] one step RT-PCR
premixE AFESIY S, 45CAHA 1 A|ZE, HUCTAA 5 &, 94T 1 &, 58TollA 1
2, 72TCAAM 1 &, 72CHA 5 &, 30 cycles -& 33Tt HSV-19] TK, LAT,
ribonucleotide reductase (RR) A A}e} ol B-actin F2AA Q1S ¢3F primer =
o3 2kt

TK1: 5-CTGCAAATACCGCTCCGTATT-3’

TK2 : 5-CATCTTCGACCGCCATCCCAT-3

LAT1 : 5-GACAGCAAAAATCCCCTGAG-3

LAT2 : 5-ACGAGGGAAAACAATAAGGG-3

RR-1 : 5-ATGCCAGACCTGTTTTTCAA-3

RR-2 : 5-GTCTTTGAACATGACGAAGG-3’

mouse f-actin 1 : 5- GTGGGCCGCTCTAGGCACCAA-3

mouse f-actin 2 : 5- CTCTTTGATGTCACGCACGTTTC-3
8] primerF antisense primer= 200 pmole® AME-31H ™, 1 9 sense primers
100 pmole & A3} 2™ RNA inhibitor 05 ul H7}8t9 ).

RT-PCT2 RNA 75 ul, primer TK2, RR2, LAT2, mouse B-actin27} 2}z 100
pmole ¥ HA7} 135 ulHEE 2z} §95 YL o8 70CHA 10 &, 4ToA] 1 £o
o A AT $19) RNA mixtureo] one step RT-preMix 16 ul (total volume 40 ul
g 16 ul A8)9} RNase inhibitor 05 ul, primer TK1,TK2, RR1, RR2, LAT1, LAT2,
mouse B-actinl, mouse B-actin2E& 2}z 100 pmole ¥ H7}5tn DEPCHEH &L 3H
7hate] F kgl °] 40 ule] HEE 3ttt PCRZEAL g3 2tk 45ToA 1
A7k, 94Col A 5 B wk3-3F 9ATA] 1 &, 58ColA 1 &, 72CollA 1 & 30 ¥ uk=

B3 £o2 TCAA 5 % WEARY. AHES FAL 15% agarose ANFEE o

S

ZAOo2HEH DNAZZLS 1=z

tortd
N

A AHSHEEH DNAE F=3AY, RNAE
o 2%
z)

FE3L 2 RNA7IZHE DNAZ FEsts WYL ol&stych AH 29 AS
AE® A9 0.8ml lysing buffer (0.6% SDS, 10mM EDTA/pH 74)9) 931 3t

F 5M NaCl 02 ml & H7lste 4ToA 24 A B3 o 2412253 phenol
extraction® 2 #2l¥ DNAZ PCRo} A3ttt RNAE == 3
RNAii A phenol fdo] 100% EtOH 300 ulE A7} & AL

< 12000 rpm, 4T, 5 £ B¢ 9ARISHAT} ASAL 2% QA T pellet—a— 0.1M
sodium citrate (1 ml)2 22‘1 AR Ao 30 &7 27 S —é—% FHA "X
T 2000 rpm, 4C, 5 ® |AE AUt 75% EtOHZ 2 ¥ A3 3 RTAA 10 &
FED TEAFHEA B F 12000 rpm, 4°C, 5 B2+ 44259 PCRS 93}
o] 8mM NaOH¢| DNA pellet& ®-§A]7)3, 1 M HEPESE AL43t4 pH 842 =&
< PCR 4335} th DNAS PCRL ¢ 4™ 3k RT-PCRY ¥]<£3l 2 A0 2 2859
Th 45°Coll A 1 AlZE, 94Tl 5 B wheF 94Tl A 1 £, 58Tl 1 &2, 72TolA 1
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B 30 ¥ wrEsln ZBoz 72CHA 5 B we A AT}

Ab AZFEES ol AVYE

2D ArldEe AT AR FHe BRE ETd B4 (freeze-thaw,
homogenizer, sonicator &-2 glass bead)9} 3}3t4 u} 3% (detergent, A4 ©]&)& o]
S3t=H, & dFdMe F A s B8t TP AZE 3 W WEEA 3
sonicationA| A M EWEEo] FZHEE 5tYr}t. =, Freeze-thaw - sonication -
protein extraction - precipitation - resolubilize £A4 2 A3t vlojzj 2] A E
JAAY HIZEE MEE rubber policeman® @ FHojo] PBSH)E F W AMHsin
2,700rpmo A 5 B3t A4RE S g AZ JAEL 2otk AELs 429 (0.25%
SDS/0.5% NP40/4% CHAPS/8 - 9 M urea/1 mM PMSF/1 mM EDTA/50 mM DTT)
T A7t F 70TAA LT Zoln Aol lysisB e Y 3 2 A 59 2207
2 AEE FVIE A U 20 & 59 Lo FolFUth  Microfugez 4T, 5 B3t
ARG T B A BlALe ARSI T AzAe 345k 10% TCA% AHL3}
o A&l 10 AT F 3 B3k 4RGeS saltSol AWBARANESL AASAD
HHAEL sample buffer® THA| Hol1, =2 9= chil Ao QA E o].oq A A3 the
Bio-radAbe] Bradford o2 wlde AMaksiz, wmd So0e Agery REsid
70CYEael Eastm daA ARSI ¥4 Bl 18am IPG stripg o] 43
isoelectric focusing (IEF)st 1L, 23} 22+ 18 cm9] 125% SDS/PAGES o] &3ttt

(1) €x+ &%) IEF

[PGphor Isoelectric Focusing system (Amersham)g A28t 1D 443190 (&
18 A|Zt: rehydration 12 A7}, 500 VoA 1 A1z}, 1,000 VoAl 1 AJZ}, 8000 VoA 4
AIZ). WA 71718 ZFAIA strip holderr} FolE XM 252 20C AT 44 HE
£ Ao AFSAA) 7 mg DTT/25 migt 05% IPG bufferr} H7}€ rehydration
solution (8 M Urea, 2% CHAPS, bromphenol blue)ol IPG stripg © rehydrationA]
Zt. &, sampled} rehydration solutiong strip holdere] 7|E7} Ar|zx gTE
laoding3H¥ IPG strip2] gel Bl o] 9= njd-e BAUT gelo] = EHE o}
HZo2 A st 2A2YA holderd) 2a=gth. Runningdl= &<k Aol Ax

= Ae BAS7] At cover fluidE A2 WS 29keh IPGphore] % 3o
F= (HFol Holderd] 91%&, $3()%0) olgjZe] 252 3la ¥HS we o A

719 ARAT. [EF7F 3% 23} B2 FA A3 70T RBstg.

(2) ©1x £a]: SDS/PAG

oA £2E 9% SDS/PAGE £ thg 47bx] Ao 2 vpH o) Ht}h: SDS/PAGS
Az - strip gel¢] SDS Buffers) A H&3} - B 347 IPG strip9] geld] 1A - A7)
Ry

==

. %, IEF§ stripg& 10 ml SDS equilibration solution (6 M Urea, 30% Glycerol,
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2% SDS, 10 mg/ml DTT, bromophenol blue)ell 15 £3F 20} B3} AT 24
® 18 cm X 18 cm 12.5% SDS-PAGE gel $lol H¥3ld IPG stripg SDS gel Hol &
A2GA 7] g 05% agarose 2 sealingS StYTH 20mAd) A 15 A7 BE A7)
A% AR 9L Fntg G == blotingg 314U} storage solutiono] B7FA B AS}
i y=g

(3) 2-D gel 4

o] Eut 2D gel9] ojmA] EA-& NonlinearAl9] phoretix software (Ver 6.01)3
Abgste] thgd Ze SAR BASAT - 1) gel scanning, 2) image o A3}, 3)
Filtering image, 4) spot ¢ detection¥} editing,
=, silver stainingdt gel & AGFAAFY] ARCUS 120000 A] 8bit gray scale TIF format<.
2 scandtFTt. 2L o|u A& contrast, 7|2 HA3] A3, matchsetd] BE
ojmiAE &L A7|8 Befoz AHZ AR o|nAFe noisedl AE A3t spote
2 AZAEA e AEEL AASI background subtractiond 3P Moz
detection parameters Z3}o] 71 ZAMEE spotd detectdla MR spotd A0
2 #Asted FUT Reference gel& AslF1 o|RA7 ¥ ¥ ©|nXE matchingshd]
Fal, matchdtaz}t e gele] M2 2oz AAEE FH spotd] xS @] F
1, o] EE 7IFLR 39 o2 HEL matchingAl A gelde] spotd A Hoz B
At TR

s

of. nleleiz AT @l A9 radio-labeling

A3 A3 Verod|£E HZE3F 5 MOI (multiplicity of infection) o]4+o] nlolg A
2 ZAEAIIL 37T COp wid7|dl A 1 A1 F2AZ) o2 AAST, 15 mle] wgd
(5% DMEM/ 5% dialyzed FBS)S ¥l thA] Bl th @3 Az (3 A7 =& 8 A
Zh) v ¥ methionineo] Aoj® DMEMHIAZ 5 W 4113 t}2, [PS]-methionine 14
ul (1,000 Ci/mmol 17 uCi/ul, Amersham)7} #7}¥ 5% methionine-free DMEM/5%
dialyzed FBSE F7lsta 6 A7t =& 13 A7k B¢ labelslYth. AlXE PBS()Z 5
3 AHste whFdel] AEshE “S-methionined AAGL, HEES J53 thg HTF

Zk. TK9] intracellular localization

Chamber slide (Nunc)i} 6well plateo] 43S F£8)3 o2, phosphate-buffered 4%
paraform aldehyde2 F A7 thS 100% MeOHE A}&-35}e permeabilizationA] Z] t}.
e MEo] 04% BSAE 10 &7+ A7 5ty blockingA| 7] 1:10002.2 3] A ¥ A A)
2} rabbit anti-TK ¥3 & 30 ¥2F st PBSHZ 5 B4 A 28 AH3 the
o] 2 A Z A 1:10,000 3}4® FITC-conjugated anti-rabbit IgG 3A(Sigma)E A2 3l
o PBS(-)2 5 ¥4 3 a7 AH 3 mounting < (SlowFade Light Antifade Kit)o. g2
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TIA3AZ b8 confocal FFAm A2 FEAFPTH

AA

k. Herpes simplex virus®] F& {9249 B (Blyth et al, 1984; Simmonds and
Nash, 1984)

AR A A FU A 7% 5 -6 F2of BALB/c ¢33 miced] BE FobFa,
HFo] JhEHl A ot dFe) A= FUvh. DME/2% FBSZ :4/-‘41\:4_ H}O]!’fiﬁ 10
ul® HEs59 (moused 5 x 10° PFU). Z} uhulelgl T o 5 vle]lY mouseE
NEART AF, BARAG AAOE B AT WDl TA BH, A4
' 52 3 & 971X #RSYH.

7F.  Herpes simplex virus®] mouse®] 792 d (De Clercq and Luczac, 1976; Gold
et al, 1992)

Aol 4 FUZL HEA FH 5 - 6 F2 BALB/c ¢ miceE dEl=ZZ
cHAAIZL & DME/2% FBSZ 3AME wlelajz 20 - 50 ulE H[Zol HEFSAo
(mouse™ 1 x 10° PFU). Z} vloldi2s F% 3 5 nlg] 9] moused AMESIHT HAY &
ArHg, AFRL, ONS, 499 24 52 3T ¢ 97X R0,

Bk ml9-29] tgiHzt<d (Collins and Oliver, 1985; Lee and Kim, 1998)

AN A dFY 7 A" 5 T3 BALB/c ¥l o] DME/2% FBSZ
A g nlolgzd 50 ulE AFH FAG. 7 AFZL 5 - 6 npalE o2 FH T
vtolei At DME/2% FBS7F HZ ¥ mock-AETE ZT S It HEAAEEH
°F & 2B Y rhe2e AFS FHGL AAFAS TAUG. AASHE A,
XA, HEFAH FolAUh
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L AlgaAA a7
7v HSV-1 TKS] #A8H4 4T

(1) TK -A #38-& 93 HSV-1 Edwo] TK 41719 224

HSV-1¢] strain F9} ACV WA vlolgl 252 ARl ~ AR99] vIK @i gL E
colidl A LIE 98 2 TR 2d WHES o] &stgdtk pGEX (GST-fused)s} pET
(His-tagged). HSV-19] strain F} YA] wvlolalX TK A7 S2YEO 9= pGEM-T
vectorol A vIK {AAE FE538te] pGEXAT-1 (Amersham Pharmacia, 4,950 bp) vector
of B4 F24sArt pGEM-T (Promega) vectore] A 1.2 kbe] vIK DNATHE A7) ¢
&4 PCR (DeltaCyclerl™ system, EricompAHZ <#3tgth. HSV-1 strain CL101Z
template© 2 8} <% R-Zo)| BamH I3} EcoR I A3 A siteE 7pA= primer 2
sense (TK ex-1) 5-GCGGATCC CGTATGGCTTCGTACCCCTGC-3’¢} antisense (TK 3-1)
5-CGGAATTCCGTC  AGTTAGCCTCCCCCATC-3E A zstdd PCRe|  #835t¥ch
pGEX-4T-1% vIK PCR product® #|3+ &4 BamH I3 EcoR 1 (Promega)Z Zratdl o}
=, 0.8% agarose gel H7]9FA|7]132, oF 49 kbo pGEX-4T-13} 1.2 kbe] vIK DNAS
gelol M Z2fatidet. 85" pGEX4AT-13 vIK DNAZ 16°Col A 16A17+SQF ¥1-8-A] 7
o™, W-gN e Ecoli BLZL(DE3) pLyss] ®AARAZTH Fob ARl ~ AR9 2= TKS A
Aol A plasmidE AZstET} (Fig. 2).

His-tagged TKZHd 288 9sjal: PCRE o] £3}% 11 kbe HSV-1 TK ORF
%o BamH I} @224 Hind Il restriction site® E%A1Z] & pET28a (Novagen)
AW Eo] 4YA71T, Ecoli BL2I(DE3) pLys® % AWNBAZACH Fob ARLT AR29] TKS
AASZ2YsAT Zt Edwo] uholg| 2o TKHARY A7) g BAo] o]2o]R:
o, dadEd 229 24 Edue] TKHAAY A7Nde ALASST (Table 2)

il
iy

(2) recTK ©@ig o] £3

APl 7iE® vkl Zo] pGEXHel Zelxanj= DNAZ ®AARE E olis
ampicilline (AM) (50 ug/ml)#} chloramphenicol (CM) (34 ug/ml)o] So]gl=
of Blstd, IPTGE TKAAA 2HL F58 the 27 Tl 15 A 2
HAEYE JFE 2ES lysisdo] B{AYL 2euiygrz B
AA 5 AE glutathione Sepharose 4B (Amersham Pharmacia) columng £33 A
U PAAAT. AUEHEL BAR0E LS olgaADh BAY fusion B
A9 1 12% acrylamide geloﬂ' 71958 ¥ comassie brilliant blue YAHL =3
A FstEY. AAE gmde Ay = DC (Detergent Compatible) Protein
Assay (Bio-rad)E ©]838t A3t 2t FE¥ 2 bovine serum albumin (BSA) ¥ &=

2N
&

[ i
rie

ikt

Ae

o
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Fig. 2. Construction of prokaryotic expression plasmids for the vIK genes of HSV-1
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Table 2. Genotypic analyses of thymidine kinase-deficient isolates

Group Strains Mutations in the TK gene® Length of authentic  Total length of
Nucleotide Amino acid TK sequence (aa)  polypeptide (aa)

TK-positive F No mutations 376 376
CL101 A427G 1143V 376 376
C766T R256 W
TK-negative  ARI1 C246G silent mutation 376 376
T965A M322K
AR3 C533-° QI85R 184 407
AR7 G247T E83K 376 376
ARS8 G346A D1l6N 154 181
C460-° P1I55R
TK-partial AR2 C566T Al189V 376 376
AR4 C566T Al189V 376 376
T1043C V348 A
AR5 Co46T R216C 376 376
AR6* G488A R163 H 376 376
AR9 G488A R 163 H 376 376

T592C silent mutation
Mock® -

*7C246G’ represents the nucleotide substitution of cytosine (C) for guanosine (G) at position 246 of the
ORF region. ‘M322K represents the amino acid substitution of Met for Lys at position 322° Frames
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AS I8 AAE DAY FZE AEsgd. 22iE TK @wdel SDS/PAGES
Western A2 o9 23 gt} (Fig. 3). Q8 A] thrombin cleavage ¥H3-& o] &35}
GST7} AAE TKeWdL a4 uhgo o837\ 3ty

pET28¢] 2293 TKFAALE L A8t 15 ug/mle] kanamycino] H7}€ LB uj<k

Aol 0.1 mM IPTGE H7}ste 27 TAA 15 A7+ EoF @3 A7) 11, GST-TKS} n}Z7} A
EJ'BJ-CLE 2502 YA FE F35I ) Inclusion bodyoll Al iE2e wlFo] A&
A ALE 7RSIV 98 DA E uread AASHEA B-ME ETE DITZL
SH-compound2 2| 3} Fol= 7H43tHA ¢k SuEH B2 4L WYsE 718
e Eae] 8ol NF3 ddtt (NP AF njAA). FHeBE thioredoxin(TRX)o]
fusion=| o} 9l pET32a plasmid subclonmgo]—oq E. coli Ad494E FAWMIAA 3
AREAIH =, ©]213F TRX-fusion vectorE o] &3t} wa@AAZ]lo g Qg 7183ld TA
E 584 JA 2L 4 Uk TRX-fusion Vector§ o] &3t} WA A|Z wj X sonication
o2 #AE FHAINAY T 7T Tho AARE FEF AS gRE TKI}
inclusion bodyollx  HEEHAG. olo] 30CHAN FALY AAHE SEstz FHS
lysozyme2 2 A2}l freeze-thawing$t o & <ls) BB FAE 7183¥ Fgz =
=T 5 AJT (ANBZED mlAA). 22} His-tagged TKE Ao 2ajgko] mj$ wgpo
™, wash buffer®] imidazol =S %39, clution®d wdel AAT7 wWojx] 7)),
TMPK Z4H] 28 $3 mutant TK fA=te] B8-S pGEXE o|4slrl2 ARG

(3) recTKS] TMPK 4

HSV npolafx TK e TK @AW ol TMPK 4% 7Fx 3 9ok Wild
type HSV-1 F&t TK-wild typeo 2R E f5 FAWA nlolg2el TK/TMPKEAL
2457 A8 vIK fdA7F 2RYE 9 pGEXLAT-1/vIKe] IPTGE #H7bated TK
D d-e HLAAZ F GST columng 53441 A GST fusion Sl adntg 45 Ha st
o} olgA E#H fusion @M A4 thrombin protease (Amersham phamarcia)E *j@] s}
& 3 TK ¢l Quoke B F= Q) Xk Bl BRI &4 Ao] GST-TK
fusion @Az Z o7} A (2R IUAT fusion @A BB FAste] TK)
TMPKZ4 =4 5 TK AsiAl 24 A7) Beslrlz 2R BHZAL & go}
o TXZE DC protein assay® o|-83l9 ZH3}1 BSA EFZAL T84 wuge &
=E &8 (Chen, S-H. et. al. 1998) (Durham, J. P, and D. H. Ives. 1970). TK&
4 S48 9N RX1 mixture [(20 mM <QI4F &&= pH 7.5 (05 M Na,HPO,, 05M
KH:POy), 10 mM MgClz, 10 mM ATP, 10 mM DTT, 05 mg/ml BSA)e] 5 uM
[°H]- thymldme (specific activity: 83 mCi/mmol), 5 uM thymidineg Yolx] o|L3l¥m
7]l FAH fusion protein®}t dH,0= 2,5}7}0}&} 50 ul2 TEUTE o= 37T A] 30
27 t&%] T8 Whatman DES1 filters] ®M-4-22< oBAZT. 271¢ 4 mM
ammonium formate2 £ 9, o) &}
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+* 125 % SDSPAGE
M AR1 AR2 AR3 AR4 ARS ARE ART ARS

+ Western blot

M ART ARZ AR3 2R4 AR5 ARE ART &RS

Fig. 3. The GST-TK fusion proteins expressed in E. coli and one-step purified
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2o F A RAFE F filterE AZAA WA FHHAL Y] (Packard)E ©] 831
WAbs 971S DPM (disintegration per minute)2 273 stith. Fig. 4% Blolgj2d] #4E
H Vero A|EFEES o]83 TKEA I GST-TK fusion protein®] recTK&4-& FA3H
Ao g (Fig. 5) nloldizd) FHE MEFEES A9 Zost sh37kA2 AR, ARS3,
AR78} AR82 TK o™ AR2, AR4, AR5 ARIE TK'¢lS A& 4 AUt

TMP kinase &% (Rechtin, T. M. et. al 1995)2 #138}d RX2 mixture (140 mM
phosphate buffer, pH 7.5, 70 mM MgCl,, 30 mM ATP, 5 mM DTT, 2 mg/ml BSA)e]
thymidine T4l 12 mM thymidine 5-monophosphate® A}-%3}3 & 7]o)l purified fusion
proteing Yo} 37ColA 30 2 ~ overnight ¢ ¥r-$-AZ k. Whatman DES1 filterE
o] 8% 79 MP, DPof| Ad#glol o} ZAFs] waly] gfEo thymidine 5 -monophosphate
(TMP)¢} thymidine 5'-diphosphate (TDP) R&|sj4 18 %7} gch. webd zhzhe] v
¥ ES TLS == HPLCE EAHET. TLCEALS 9814 +E, Brinkmann Polygram CEL
300 PEI thin-layer chromatography (TLC) plateo] spottingdl¥th. Z2d & 100%
methanol2 A plate?] Fof7)|7tx] Lelx A&eA AXF obS Solvent | (44%
methanol, 1.1 M Lithium chloride, 0.37 M sodium formate, pH 34)& Ht)7] nz 2
A7A 269, o] HAFEL E3FY  thymidine 5-monophosphate$} thymidine
5-diphosphateE 23]& 4 UAch (Fig. 6). & ©] AW3 EAL 95l HPLCE £A4
staledl, B8-S 54317 93 mobile phase= buffer A (20 mM K2HPO4 + 5 mM
tetrabutylamonium bromide in dH,O, pH 3.5)¢} buffer B (20 mM K2HPO4 + 5 mM
tetrabutylamonium bromide in 60 % acetonitrile, pH 35)2 Al&3tgth. Ztzhel w3&
2 40 ¥ FsiPen, 24L& SHIMADZU SCL-10A vp system controller 7]7]9}
Thermo 250*84.6 mm, particle size (u) 5 columeo] &3} o]Zo]Hr}. Flow rate= 1
ml/min§ 2™, ZAARAL 260 nmYth. Time flowst buffer Be] %ztate] #A= tl
2 2tk 0 min/6%, 10 min/8%, 11 min/10%, 38 min/12%. TMPK #i& =33}
TLCAMZl & Fig. ol EA =], TDP7I A4 Eo)m o] u82 98] ATP/} ADP=Z ©
o TLCAES] spotFd=sl 2718 245ty Aarsl TMPEASE Fig 79 TAST. A
¥ FTK @939 ¢ TDP7F B &5 44" A& B 570 gix7 ARl TK @9 3&
HREAIZ] Aol A= TDPAAS e 4 gtk AR2 oA 9] TK AL 200 ug/ml ©]
ol A Fob wl=shAl vEREA R TMPK 248 gojxe 08 4 9tk AR79)
TMPK #7242 TK @43 rlabzix2 449 TDP7F $95A gttt o)k 22 A1ad
B2 ZF 2d¥olF TKe TMPK A< Table 30 Qokstgch,

o 2 ok wo

4) TKA A 4y
TKA A A& A8 [PH]-thymidineS 7] 824 HSV-1 (F)¢ recGST-TKLS T4
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25000

20000 +
= 18000
o
© o000 |

5000 +

- —— = : =
0 50 100 150 200 250
Total protein concentration (ug/m)

Fig. 4. TK activity of the crude Vero cell lysates infected with viruses.
Mock (-x-), F/Vero(-(>-), AR1/Vero(-0O-), AR2/Vero(-A-), AR7/Vero(-[]-)
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A) TK activity

25000

20000

15000 |

DPM

10000 |

5000

M ey ¥ )
Q et —F——

0 20 40 60 80 100 120
Protein concentration (ug/ml)

B) % Ratio of TK activity of each mutant to that of F

Protein amount (ug/mi)
Protein (ug/ml)

10 20 40 80 120
recFTK 100 100 100 100 100
recARITK 01 01 01 0.1 0.2
recAR2TK 7.0 121 251 61.5 73.9
recAR7TK 1.3 1.6 17 21 2.2

Fig. 5. Analysis of TK activity of the purified recombinant TK (recTK) proteins.
Recombinant(rec) FTK(--), recARTTK(-[1-), recAR2TK(-4-), recARTTK(-O-).
(*H)-thymidine was used as substrate.
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90 B) 180 ng
A) ne ) recTK

Marker F AR1  AR2 AR7

T™MP—>
TOP—»
ADP >
ATP —»
[S%;
§K¢$§
270
C) "e recTK D) 360 ne recTK
Marker E AR1 AR2 AR7 Marker F AR1  AR2 AR7
TMP—
TOP —»
ADP —
ATP —>

F mARI

AR2 8AR7

360 270 180 90

Fig. 6. TMPK activity of the purified recTK proteins in TLC analysis
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ivity of the purified recTK proteins in HPLC analysis

Fig. 7. TMP kinase act



Table 3. Summary of enzymatic activity of the TK proteins of various TK-deficient
mutants

Enzyme Enzyme

. F ARl AR2 AR3 AR4 AR5 AR6 AR7 AR8 AR9
activity sourses

Vero lysates + - - - - - - - -

TK Recombinant  + - p - p p p - - p
Plaque
. + - p - p P p - - p
autoradiogram
TMPK Recombinant  + - p - P - - - - -

+, positive; p, partial; -, negative
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4o ol gyth. THl7t Fhed AAREA HFES ALANYL GYPF TEE B
A zAERoH, REGEES TKo| that 1Cyp e thedt 2t} (29, ug/ml): ACV,
>1,000; BrdCyd, 74.3; BrdUrd, <10; BrUrd, 39.2; BVdUrd, 26.0; EdUrd, 1.0; FEAU, 14.6
; FIAC, 350; FIAU, 233; FMAU, 149; FUrd, 244; GCV, 140; 1dUrd, <10; PCV, 21.2; TFT,
16. ACV, GCA, PCV, EdUrds} TFT,9] ¥=¢) @2 aaAsizL o+& Fig 84 TAH
o 2 dT7Ee Agst %01%‘3 Gar=AlEod thsiA= 1,000 ug/mlzt 100
ug/mle] F FEE APt A5 o & EWA] EF B2 EdUrd¢ TFTE ol4

steH, 200 H7H9 AEE .L} = L R AEe dehle AL Q0 (27
AA H).

. LAT §32e] €29 2 947149 2%

FEHHA] LAEE LAT gene transcripte] 2218 913+ probedl 2 $]3) HSV-1 FS] LAT
FHAE Fig. 83 2ol ZEW3IGTE ulojzj~ DNAS BamH 122 A2 Th& 10,139 bpe]
BamH I B fragment (HSVR-#ate] 113,323 ~ 123,461 %))} 8913 bpe] BamH I E fragmentS
A= pBR32¢| AHYAIF] 3L Ecoli DHbalpha® A AIAI A ZekAn|= DNAS 974
4 2% 712AgAT L J3sH e, BAHE transcript & 2 kbl 15 kb LAT 399

486 kbel H7IMEE AR @riMgol ¢aA HSV-1 CLI0 straind H]watgt) (Table 4,
Fig. 9).
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ACV
- Thymidine kinase
0% —~asr7| |nhibition curves
0% —-8—TK
0%
0%
0% ' : ceY]
001 1 100 —
S-ethyl-2-deoxyuridine (EdUrd) 100% oS
120%
oo gbg\\ﬂ -~ —8—TK
) X ——GSTT
oy A\ —8—TK % . .
4% \\\ ool of 1 10 100 100
20%
0% '
001 1 100
POV
— 120%
120% 1@; i\
100% . =
iy \ \ &% \\ —— GST-TK
.y \\ ——GST-TK 0% —&-7K
400/" \ —8-TK % &
° N 0% - : : * 4
e 00l 01 1 10 10 100
% :
ool 1 10

Fig. 8. Dose-responsed TK activity of the recombinant TK proteins of HSV-1 strain F
in the presence of various TK inhibitors.

GST-TK: GST-fused TK; TK, GST-removed TK
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TEL UL [RLIRs Us TRs T
3 XV | o BamHI
HSV-1 viral DNAs Tet "

lEm'n HI

T1E E ‘(’Ae R f
+  >33khLATs
—_ 20 kb LAT: —
—_ 15Kkb LATs

1BamHI

Linearlized pRR322

l ligation

T
it
e
e
R
e

ey
’,i’f Am P

7

pFLAT
14500 bp

LAY

Fig. 9. Construction of a recombinant plasmid harboring the LAT gene of HSV-1 strain F

_38_



Table 4. DNA
CL101
I
CL101
F
CL101
CL101
F
CL101
CL101
CL101
CL101
CL101
CL101
CL101
CL101
CL101
F
CL101

CL101

CL101

sequence analysis of the LAT gene of HSV-1 strain F and CL101

10 20 30 40 50
GCCCGCGAGA TATCAATCCG TTAAGTGCTC TGCAGACAGG GGCACCGCGC
GCCCGCGAGA TATCAATCCG TTAAGTGCTC TGCAGACAGG GGCACCGCGC

60 70 80 920 100
CCGGAAATCC ATTAGGCCGC AGACGAGGAA AATAAAATTA CATCACCTAC
CCGGAAATCC ATTAGGCCGC AGACGAGGAA AATAAAATTA CATCACCTAC

110 120 130
CCACGTGGTG CTGTGGCCTG TTTTTGCTGC GTCATC
CCACGTGGTG CTGTGGCCTG TTTTTGCTGC GTCATCTE
/,_.5, 8.3 kb mLAT start point
160 170 180 190 200
AGCGGGGGCG CGGCCGTGLCC GATC GGGT GGTGCGAAAG ACTTTCCGGG
AGCGGGGGCG CGGCCGTGCC GATCGLGGGT GGTGCGAAAG ACTTTCCGGG

210 220 230 240 250
CGCGTCCGGG TGCCGCGGCT CTCCGGGCCC CCCTGCAGCC GGGGCGGCCA
CGCGTCCGGG TGCCGCGGCT CTCCGGGCCC CCCTGCAGCC GGGGCGGCCA

260 270 280 290 300
AGGGGCGTCG GCGACATCCT CCCCCTAAGC GCCGGCCGGC CGCTGGTCTG
AGGGGCGTCG GCGACATCCT CCCCCTAAGC GCCGGCCGGC CGCTGGTCTG

310 320 330 340 360
TTTTTTHGTT TTCCCCGTTT CGGGGGTGGE GGGGGTTGCG GTTTCTGTTT
TTTTTTEGTT TTCCCCGTTT CGGGGGTG GGGGGTTGCG GTTTCTGTTT

360 370 380 390 400
CTTTAACCCG TCTGGGGTGT TTTTCGTTCC GTCGCCGGAA TGTTTCGTTC
CTTTAACCCG TCTGGGGTGT TTTTCGTTCC GTCGCCGGAA TGTTTCGTTC

410 420 430 440 450
GTCTGTCCCC TCACGGGGCG AAGGCCGCGT ACGGCCCGGG ACGABGGGGC
GTCTGTCCCC TCACGGGGCG AAGGCCGCGT ACGGCCCGGG ACGAEGGGGC

460 470 480 490 500
CCCCGACCGC GGCGGTCCGG GCCCCGTCCG GECCCGCTCG CCGGCACGLCG
CCCCGACCGC GGCGGTCCGG GCCCCGTCCG GHCCCGCTCG CCGGCACGLG

510 520 530 040 5560
ACGCGAAAAA GGCCCCCCGG AGGCTTTTCC GGGTTCCCGG CCCGGGGCCT
ACGCGAAAAA GGCCCCCCGG AGGCTTTTCC GGGTTCCCGG CCCGGGGLCT

060 570 580 590 600
GAGAT: CA BTCGGGGTTA CCGCCAACGG CCGGCCCCCG TGGCGGLECG
GAGA CA CGGGGTTA CCGCCAACGG CCGGLCCLCCG TGGCGGCCLCG

610 620 630 640 650
GCCCGGGGCC CCGGCGGACC CAAGGGGCCC CGGCCLCGGGG CCCCACAACG
GCCCGGGGLC CCGGCGGACC CAAGGGGLLC CGGLLCCGGGG CCCCACAACG

660 670 680 690 700
GCCCGGCGCA TGCGCTGTGG TTTTTTTTTC CGGTGTTE TGECGGGCTC
GCCCGGCGCA TGCGCTGTGG TTTTTTTTTC @ICGGTGTTHE TGECGGGCTC

710 720
CATCGCCTTT CCTGTTCTCG CTTCT:
CATCGCCTTT CCTGTTCTCG CTTCT:

730 740 750
CC CCCCCCCTTC TTCACCCCCA
CC CCCCCCCTTC TTCACCCCCA

760 770 780 790 800
GTACCCTCCT CCCTCCCTTC CTCCCCCGTT ATCCCACTCG TCGAGGGCGC
GTACCCTCCT CCCTCCCTTC CTCCCCCGTT ATCCCACTCG TCGAGGGCGC
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CL101
CL101
F

CL101
CL101
CL101
CL101
F

CL101
CL101
F

CL101
F

CL101
CL101
CL101
CL101
CL101
F

CL101

CL101

2 ( or 1.5) kb LAT start point i
810 820 830 840 850
CCCGGTGTCG TTCAACAAAG ACGCCGCGTT TCCAGATAGG TTAGACACCT
CCCGGTGTCG TTCAACAAAG ACGCCGCGTT TCCAGATAGG TTAGACACCT

360 870 880 890 500
GCTTCTCCCC AATAGAGGGG GGGGACCCAA ACGACAGGGG GCGCCCCAGA
GCTTCTCCCC AATAGAGGGG GGGGACCCAA ACGACAGGGG GCGCCCCAGA

910 920 930 940 950
GGCTAAGGTC GGCCACGCCA CTCGCGGGTG GGCTCGTGTT ACAGCACACC
GGCTAAGGTC GGCCACGCCA CTCGCGGGTG GGCTCGTGTT ACAGCACACC

960 970 980 990 1000
AGCCCGTTCT TTTCCCCCCC TCCCACCCTT AGTCAGACTC TGTTACTTAC
AGCCCGTTCT TTTCCCCCCC TCCCACCCTT AGTCAGACTC TGTTACTTAC

1010 1020 1030 1040 1050
CCGTCCGACC ACCAACTGCC CCCTTATCTA AGGGCCGGCT GGAAGACCGC
CCGTCCGACC ACCAACTGCC CCCTTATCTA AGGGCCGGCT GGAAGACCGC

1060 1070 1080 1090 1100
CAGGGGGTCG GCCGGTGTCG CTGTAACCCC CCACGCCAAT GACCCACGTA
CAGGGGGTCG GCCGGTGTCG CTGTAACCCC CCACGCCAAT GACCCACGTA

4% 1.5 kb LAT splicing start point

1118 1120 1130 1140 1150
CTCCAAGAAG|GCATGTGTCC CACCCCGCCT GTGTTTTTGT GCCTGGCTCT
CTCCAAGAAG| GCATGTGTCC CACCCCGCCT GTGTTTTTGT GCCTGGCTCT

1160 1170 1180 1190 1200

CTATGCTTGG GTCTTACTGC GGGG GGGGGGAGTG CGGGGGAGGG
CTATGCTTGG GTCTTACTGC GGG GGGGGGAGTG CGGGGGAGGG

1210 1220 1230 1240 1250
GGGGTGTGGA AGGAAATGCA CGGCGCGTGT GTACCCCCCC TAAAGTTGTT
GGGGTGTGGA AGGAAATGCA CGGCGCGTGT GTACCCCCCC TAAAGTTGTT

1260 1270 1280 1290 1300
CCTAAAGCGA GGATACGGAG GAGTGGCGGG TGCCGGGGGA CCGGGGTGAT
CCTAAAGCGA GGATACGGAG GAGTGGCGGG TGCCGGGGGA CCGGGGTGAT

1310 1320 1330 1340 1350
CTCTGGCACG CGGGGGTGGG AAGGGTCGGG GGAGGGGGGG ATGGAGTACC
CTCTGGCACG CGGGGGTGGG AAGGGTCGGG GGAGGGGGGG ATGGAGTACC

1360 1370 1380 1390 1400
GGCCCACCTG GCCGCGCGGG TGCGCGTGCC TTTGCACACC AACCCCACGT
GGCCCACCTG GCCGCGCGGG TGCGCGTGCC TTTGCACACC AACCCCACGT

1410 1420 1430 1440 1450
CCCCCGGCGG TCTCTAAGAA GCACCGCCCC CCCTCCTTCA TACCACCGAG
CCCCCGGCGG TCTCTAAGAA GCACCGCCCC CCCTCCTTCA TACCACCGAG

1460 1470 1480 1490 1500
CATGCCTGGG TGTGGGTTGG TAACCAACAC GCCCATCCCC TCGTCTCCTG
CATGCCTGGG TGTGGGTTGG TAACCAACAC GCCCATCCCC TCGTCTCCTG

1510 1520 1530 1540 1550
TGATTCTCTG GCTGCACCGC ATTCTTGTTT TCTAACTATG TTCCTGTTTC
TGATTCTCTG GCTGCACCGC ATTCTTGTTT TCTAACTATG TTCCTGTTTC

1560 1570 1580 1590 1600
TGTCTCCCCC CC ACCC CTCCGCCCCA CCCCCCAACA CCCACGTCTG
TGTCTCCCCC CC ACCC CTCCGCCCCA CCCCCCAACA CCCACGTCTG
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Continued

CL101
CL101
CL101
CL101
CL101
CL101
CL101
CL101
CL101
F

CL101
CL101

CL101
F

1610 1620 1630 1640 1650
TGGTGTGGCC GACCCCCTTT TGGGCGCCCC GTCCCGCCCC GCCACCCCTC
TGGTGTGGCC GACCCCCTTT TGGGCGCCCC GTCCCGCCCC GCCACCCCTC

1.5 kb splicing end point ¢,

1660 1670 1680 1690 1700
CCETCCTTTG TTGCCCTATA GT GTTEA CCCCCCCCGC CCTTTGTGGC
CCEBTCCTTTG TTGCCCTATA GT #A CCCCCCCCGC CCTTTGTGGL

1710 1720 1730 1740 1750
GGCCAGAGGC CAGGTCAGTC CGGGCGGGCA GGCGCTCGCG GAAACTTAAC
GGCCAGAGGC CAGGTCAGTC CGGGCGGGCA GGCGCTCGCG GAAACTTAAC

1760 1770 1780 1790 1800
ACCCACACCC AACCCACTGT GGTTCTGGCT CCATGCCAGT GGCAGGATGC
ACCCACACCC AACCCACTGT GGTTCTGGCT CCATGCCAGT GGCAGGATGC

1810 1820 1830 _
TTTCGGGGAT CGGTGGTCAG GCAGCCCGGG CCGE
TTTCGGGGAT CGGTGGTCAG GCAGCCCGGG CC

1840 1850
GCTCT GTGGTTAACA
GCTCT GTGGTTAACA

1860 1870 1880 1890 1900
CCAGAGCCTG CCCAACATGG CACCCCCACT CCCACGCACC CCCACTCCCA
CCAGAGCCTG CCCAACATGG CACCCCCACT CCCACGCACC CCCACTCCCA

1910 1920 1930 1940 1950
CGCACCCCCA CTCCCACGCA CCCCCACTCC CACGCACCCC CACTCCCACG
CGCACCCCCA CTCCCACGCA CCCCCACTCC CACGCACCCC CACTCCCACG

1960 1970 1980 1990 2000
CACCCCCACT CCCACGCACC CCCACTCCCA CGCACCCCCA CTCCCACGCA
CACCCCCACT CCCACGCACC CCCACTCCCA CGCACCCCCA CTCCCACGCA

2010 2030 2040 2050
CCCCCACTCC CACGC@CCC CGEGATHECAT CCAACACAGA CAGGGAAAAG
CCCCCACTCC CACGCARICCC CGHGATECAT CCAACACAGA CAGGGAAAAG

2060 2070 2080 2090 2100
ATACAAAAGT AAACCTTTAT TTCCCAAEBAG ACAGCAAAAA TCCCCTGAGT
ATACAAAAGT AAACCTTTAT TTCCCAARAG ACAGCAAAAA TCCCCTGAGT

10 2120 ] 2130 2140 2150
AT TAGGGCCAAC ACEAAAGACC CGCTGGTGTG TGGTGCCCGT
AT TAGGGCCAAC A AAGACC CGCTGGTGTG TGGTGCCCGT

2160 2170 2180 2190 2200
GTCTTTCACT TTTCCCCTCC CCGACACGGA TTGGCTGGTG TAGTGGGCGC
GTCTTTCACT TTTCCCCTCC CCGACACGGA TTGGCTGGTG TAGTGGGCGC

2210 2220 2230 2240 2250
GGCCAGAGAC CACCCAGCGC CCGACCCCCC CCTCCCCACA AACACGGGGG
GGCCAGAGAC CACCCAGCGC CCGACCCCCC CCTCCCCACA AACACGGGGG

2260 2270 - 2280 2290 2300
GCGTCCCTTA TTGTTTTCCC TCGTCCCGGG TCGACGCCCC CTGCTCCCCG
GCGTCCCTTA TTGTTTTCCC TCGTCCCGGG TCGACGCCCC CTGCTCCCCG

2310 2320 2330 2340 2350
GACCACGGGT GCCGAGACCG CAGGCTGCGG AAGTCCAGGG CGCCCACTAG
GACCACGGGT GCCGAGACCG CAGGCTGCGG AAGTCCAGGG CGCCCACTAG

2360 2370 2380 2390 2400
GGTGCCCTGG TCGAACAGCA TGTTCCCCAC GGGGGTCATC CAGAGGCTGT
GGTGCCCTGG TCGAACAGCA TGTTCCCCAC GGGGGTCATC CAGAGGCTGT
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CL101

CL101
F

CL101
F
CL101
F
CL101
F
CL101
CL101
F
CL101
F
CL101
F

CL101
F

2410 2420 2430 2440 2450
TCCACTCCGA CGCGGGGGCC GTCGGGTACT CGGGGGGCAT CACGTGGTTA
TCCACTCCGA CGCGGGGGCC GTCGGGTACT CGGGGGGCAT CACGTGGTTA

2460 2470 2480 2490 2500
CCCGCGGTCT CGGGGAGCAG GGTGCGGCGG CTCCAGCCGG GGACCGCGGC
CCCGCGGTCT CGGGGAGCAG GGTGCGGCGG CTCCAGCCGG GGACCGCGGC

2510 2520 2530 2540 2950
CCGCAGCCGG GTCGCCATGT TTCCCGTCTG GTCCACCAGG ACCACGTACG
CCGCAGCCGG GTCGCCATGT TTCCCGTCTG GTCCACCAGG ACCACGTACG

2560 2570 2580 2590 2600
CCCCGATGTT CCCCGTCTCC ATGTCCAGGA TGGGCAGGCA GTCCCCCGTG
CCCCGATGTT CCCCGTCTCC ATGTCCAGGA TGGGCAGGCA GTCCCCCGTG

2610 2620 2630 2640 2600
iGTCTTGT TCACGTAAGG CGACAGGGCG ACCACGCTAG AGACCCCCGA
(GTCTTGT TCACGTAAGG CGACAGGGCG ACCACGCTAG AGACCCCCGA

2660 2670 2680 2690 2700
GATGGGCAGG TAGCGCGTGA GGCCGCCCGC GGG GGCC CCGGAAGTCT
GATGGGCAGG TAGCGCGTGA GGCCGCCCGC GGG GGCC CCGGAAGTCT

2710 2720 2730 2740 2750
CCGCGTGGCG CGTCTTCCGG GCACACTTCC TCGGCCCCCG CGGCCCAGAA
CCGCGTGGCG CGTCTTCCGG GCACACTTCC TCGGCCCCCG CGGCCCAGAA
2 (or 1.5) kb LAT end pointgiz,
2760 2770 2780 2790 2800
GCAGCGCGGG GGCCGAGGGA GGTTTCCTCT TGTCTCCCTC cc@gccmc
G

GCAGCGCGGG GGCCGAGGGA GGTTTCCTCT TGTCTCCCTC CC CACC

2810 2820 2830 2840 2850
GACGGCCCCG CCCGAGGAGG CGGAAGCGGA GGAGGACGCG GCCCCGGCGG
GACGGCCCCG CCCGAGGAGG CGGAAGCGGA GGAGGACGCG GCCCCGGCGG

2860 2870 2880 2890 2900
CGGAAGAGGC GGCCCCCGCG GGBGTCGGGG CCGAGGAGGA AGAGGCAGAG
CGGAAGAGGC GGCCCCCGLG TCGGGG CCGAGGAGGA AGAGGCAGAG

2910 2920 2930 2940 2950
GAGGAAGAGG CGGAGGCCGC CGAGGACGTC AGGGGGGTCC CGGGCCCACC
GAGGAAGAGG CGGAGGCCGC CGAGGACGTC AGGGGGGTCC CGGGCCCACC

2960 2970 2980 2990 3000
CTGGCCGCGC CCCCCCGGCC CTGAGTCGGA GGGGGGGTGC GTCGCCGCCC
CTGGCCGLCGC CCCCCCGGCC CTGAGTCGGA GGGGGGGTGC GTCGCCGCCC

3010 3020 3030 3040 3050
TCTTGGCCCC TGCCGGCGCG AGGGGGGGAC GCGTGGACTG GGGGGAGGGG
TCTTGGCCCC TGCCGGCGCG AGGGGGGGAC GCGTGGACTG GGGGGAGGGG

3060 3070 3080 3090 3100
TTTTCCTGGC CCGACCCGCG CCTCTTCCTC GGACGCACCG CCGCCTCCTG
TTTTCCTGGC CCGACCCGCG CCTCTTCCTC GGACGCACCG CCGCCTCCTG

3110 3120 3130 3140 3150
CTCGACAGAG GCGGCGGAGG GGAGCGGGGE GGCGCCGGAG GGGGCGGCGC
CTCGACAGAG GCGGCGGAGG GGAGCGGG GGCGCCGGAG GGGGCGGCGC

3160 3170 3180 3190 3200

CGCGGGAGGG CCCGTGECCA CCCTCCACGC CCGGCCCCCC CGAGCCGCGC
CGCGGGAGGG CCCGTGRICCA CCCTCCACGC CCGGCCCCCC CGAGCCGCGC
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CL101
CL101
CL101
F

CL101
CL101
CL101
CL101
F

CL101
CL101
F

CL101
CL101

CL101

3210 3220 3230 3240 3250
GCCACCGTCG CACGCGCCCG GCACAGACTC TGTTCTTGGT TCGCGGCCTG
GCCACCGTCG CACGCGCCCG GCACAGACTC TGTTCTTGGT TCGCGGCCTG

3260 3270 3280 3290 3300
AGCCAGGGAC GAGTGCGACT GGGGCACACG GCGCGCGTCC GCGGGG
AGCCAGGGAC GAGTGCGACT GGGGCACACG GCGCGCGTCC GCGGGG

3310 3320 3330 3340 3360
GCCGGGGCGLC GGGGGCCGGG CCCCGGAGGL
GCCGGGGCGC GGGGGCCGGG CCCCGGAGGL

3360 3370 3380 3390 3400
GGCGCTCGCA CGCACGGGGC CACGGCCGCG CGGGGGCGCG CGGGTCCCGA
GGCGCTCGCA CGCACGGGGC CACGGCCGCG CGGGGGCGCG CGGGTCCCGA

3410 3420 3430 3440 3450
CGCGGCCGEG GACGCGGEGG GCCCGGGGCG GGGGGCGGAG CCTGGCATGG
CGCGGCCGEG GACGCGGHEGG GCCCGGGGLG GGGGGCGGAG CCTGGCATGG

3460 3470 3480 3490 3500
GCGCCGCGGG GGGCCTAGTGG GGAGAGGCCG GGGGGGAGTC GCTGATCACT
GCGCCGCGGG GGGCCTGTGG GGAGAGGCCG GGGGGGAGTC GCTGATCACT

3510 3520 3530 3540 3550
ATGGGGTCTC TGTTGTTTGC AAGGGGGGCG GGTCTGTTGA CAAGGGGGCC
ATGGGGTCTC TGTTGTTTGC AAGGGGGGCG GGTCTGTTGA CAAGGGGGCC

3560 3570 3580 3590 3600
CGTCCGGCCC CTCGGCCGLC CCGCCTCCGC TTCAACAACC CCAACCCCAA
CGTCCGGCCC CTCGGCCGLC CCGCCTCCGC TTCAACAACC CCAACCCCAA

3610 3620 3630 3640 3650
CCCCAACCCC CCCGGAGGGG CCAGACGCCC CCCGCGGLGC CGCGGLCTCGL
CCCCAACCCC CCCGGAGGGG CCAGACGCCC CCCGLGGLGL CGCGGLTCGC

3660 3670 3680 3690 3700
GACTGGCGGG AFEEGCCGCC GCCGCCGCTG CTGTTGGTGG TGGTGTTGGT
GACTGGCGGG GCCGCC GCCGCCGCTG CTGTTGGTGG TGGTGTTGGT

3710 3720 3730 3740 3750
GTTACTGCTG CCGTGTGGCC CGATGGGCGC CGAGGGGGGC GCTGTCCGAG
GTTACTGCTG CCGTGTGGCC CGATGGGCGC CGAGGGGGGC GCTGTCCGAG

3760 3770 3780 3790 3800
CCGCGGCCGG CTGGGGGGLCT GCGTGAGACG CCCCGCCCGT CACGGGGGGC
CCGCGGLLCGG CTGGGGGGLT GCGTGAGACG CCCCGLCCCGT CACGGGGGGC

3810 3820 3830 3840 3850
GCGGCGGCGC CTCTGCGTGG GGGGGCGCGG GGCGTCCGGE GGGGGGLGGG
GCGGCGGCGC CTCTGCGTGG GGGGGCGLCGG GGCGTCCGGL GGGGGGLGGG

3860 3870 3880 3890 3900
CGGTACGTAG TCTGCTGCAA GAGACAACGG GGGGCGCGAT CAGGTTACGC
CGGTACGTAG TCTGCTGCAA GAGACAACGG GGGGCGCGAT CAGGTTACGC

3920 3930 3940 3950
GCCCG CCCTTTCCTC G
GCCCG CCCTTTCCTC G

3960 3970 3980 3990 4000
CCGCCTATTC CTCCCTCCCC CCE CCTC CTCCTCCTCC CCCAGGGTCC
CCGCCTATTC CTCCCTCCCC C CCTC CTCCTCCTCC CCCAGGGTCC
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Continued

CL101
CL101
CL101
CL101
F

CL101
F

CL101
F

4010 4020 4030 4040 4050
TEGCCGECCC CCCGCCTCAC CGTCGTCCAG GTCGTCGTCA TCCTCGTCCG
TEGCCGECCC CCCGCCTCAC CGTCGTCCAG GTCGTCGTCA TCCTCGTCCG

4060 4070 4080 4090 4100
TGGTGGGCTC PCGGGTGGGTG GGCGACAGGG CCCTCACCGT GTGCCCCCCC
TGGTGGGCTC WGGGTGGGTG GGCGACAGGG CCCTCACCGT GTGCCCCCCC

4110 4120 4130 4140 4150
AGGGTCAGGT ACCGCGGGGC GAACCGCTGA TTGCCCGTCC AGATAAAGTC
AGGGTCAGGT ACCGCGGGGC GAACCGCTGA TTGCCCGTCC AGATAAAGTC

4160 4170 4180 4190 4200
CACGGCCGTG CCCGCCCTGA CGGCCTCCTC GGCCTCCATG CGGGTCTGGG
CACGGCCGTG CCCGCCCTGA CGGCCTCCTC GGCCTCCATG CGGGTCTGGG

4210 4220 4230 4240 4250
GGTCGTTCAC GATCGGGATG GTGCTGAACG ACCCGCTGGG CGTCACGCCC
GGTCGTTCAC GATCGGGATG GTGCTGAACG ACCCGCTGGG CGTCACGCCC

4260 4270 4280 4290 4300
ACTATCAGGT ACACCAGCTT GGCGTTGCAC AGCGGGCAGG TGTTGCGCAA
ACTATCAGGT ACACCAGCTT GGCGTTGCAC AGCGGGCAGG TGTTGCGCAA

4310 4320 4330 4340 4350
TTGCATCCAG GTTTTCATGC ACGGGATGCA GAAGCGGTGC ATGCACGGGA
TTGCATCCAG GTTTTCATGC ACGGGATGCA GAAGCGGTGC ATGCACGGGA

4360 4370 4380 4390 4400
AGGTGTCGCA GCGCAGGTGG GGCGCGATCT CATCCGTGCA CACGGCGCAC
AGGTGTCGCA GCGCAGGTGG GGCGCGATCT CATCCGTGCA CACGGCGCAC

4410 4420 4430 4440 4450
ACGTCGCCCT CGTCGCTCCC CCCGTCCTCT CGAGGGGGGG CGCCCCCGCA
ACGTCGCCCT CGTCGCTCCC CCCGTCCTCT CGAGGGGGGG CGCCCCCGCA

4460 4470 4480 4490 4500
ACTGCCGGGG TCTTCCTCGC GGGGGGGGCT CCCCCCCGAG ACcGCeecce
ACTGCCGGGG TCTTCCTCGC GGGGGGGGCT CCCCCCCGAG ACCGCCCCeC

4510 4520 4530 4540 4550
CATCCACGCC CTGCGGCCCC AGCAGCCCCG TCTCGAACAG TTCCGTGTCC
CATCCACGCC CTGCGGCCCC AGCAGCCCCG TCTCGAACAG TTCCGTGTCC

4560 4570 4580 4590 4600
GTGCTGTCCG CCTCGGAGGC GGAGTCGTCG TCATGGTGGT CGGCGTCCCC
GTGCTGTCCG CCTCGGAGGC GGAGTCGTCG TCATGGTGGT CGGCGTCCCC

4610 4620 4630 4640 4650
CCGCCCCCCC ACTTCGGTCT CCGCCTCAGA GTCGCTGCTG TCCGGCAGGT
CCGCCCCCCC ACTTCGGTCT CCGCCTCAGA GTCGCTGCTG TCCGGCAGGT

4660 4670 4680 4690 4700
CTCGGTCGCA GGGAAACACC CAGACATCCG GGGCGGGCTA AGGGGAAAAA
CTCGGTCGCA GGGAAACACC CAGACATCCG GGGCGGGCTA AGGGGAAAAA

4710 4720 4730 4740 4750
GGGGGGCG GGTAAGAATG GGGGG TT TCCCGCGTCA ATCAGCHECCC
GGGGGGCG GGTAAGAATG GGGGGEEATT TCCCGCGTCA ATCAGCHECCC

4760 4770 4780 4790 4800
ACGAGTTCCC CCTCTCCCCC CCCCGCCTCA CAAAGTCCTG CCCCCCTGCT
ACGAGTTCCC CCTCTCCCCC CCCCGCCTCA CAAAGTCCTG CCCCCCTGCT
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Continued

4810 4820 4830 4840 4850
CL101 GGCCTCGGAA GAGGGGGGAG AAAGGGGTCT GCAACCAAAG GTGGTCTGGG
F GGCCTCGGAA GAGGGGGGAG AAAGGGGTCT GCAACCAAAG GTGGTCTGGG
4861
F TCCGTCCTTT G

CL101 TCCGTCCTTT G

_45_



Ue TRs

IRe

22

¥}

IR,

U

TR,

-

> 8.3 kb (mLAT)

B
P

25140

128464

b 121416

120286

119786

119461

m*l:mms

TATAA 118772

CREB|119756
LPBF|118728

CAAT|118642

118328 HamH)

mLAT

A A AA AL AAE 4

| Pro mo‘l:orr

4 A4

A A AL A A AM A LA A&

4

EIELE TN A Y VY

123348 A ~+G
123327123328 (-) GG

123304 (+) A

122668 C—=A
122616 (#)C
122605 T-+C

122576-122578 () CCC
122548 (+) CGCC
122584 {+)C

122582 MHW CCTCCCTTICC

122521 AGG

122287 (+) GCC

122043 G - 7T
122034 C —+ A

121922-121945 (~) 24 nt CGGGCGEGCCGGCTC

121792 C—>T
121765 G- G

121498 G = A

121370 A =G

121223 A -+ C

120748 AT
120731 (=137
120708 C—-T
120682 A =C
120643 C = A
120642 T—C
120458 G —»T
120304 A -G
120278 A+ G

120199 (<) 3C
119801 T =G, (¥ 4G

119857 (HCC
119333 A =G
110824 C—T
119821 G- T
119312 {(-)C

119192 C A
110187 G = A
110118 A =G
119076 (4} G

118961 T~G
119939 (-1C

118764 C -G

CGCCCCGGGG

Figure 10. The summary of LAT sequence
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2. AIEAA Q¢
7L AEAA ZAEAET A 2dTS 2 &2

1) == g ABAE ujef

5 78 ICReFS22RE AXAEL HEste Agwie BAE uhe Zo] A Wi¥ARA
th m}9-~ AX}AIA, dorsal root ganglia, optocal nerve® HE3dh, HEE 7R 2
A Z&A 1 mg/ml collagenase® 37T, 1 A5 wigstsAth Pipettingg o3 W
oy 2L A3 HYAF)L, 200 ~ 300 x gl 5 F BAE 94 EFEA FFY
< AASACE vigd-E Fhsle A A EE FHA712 94 2Estd AlEstEn
A5 szl @ AAAEEZ  hemacytometerZ  AEX FE  FAHSII, rat-tail
collagen-coated culture disholl €A5A ANZAAEE wFsATE AAAE wjFe 10%
o] dxa % FBS, 4 ug/ml Gm, &1 10 ng/ml 25s nerve growth factor (2.55
NGF) (BD science)’} 37Fg Minimum Essential wjZ] (fX]-8& wjA)oA 37C, 5%
CO w7l SAAZT 4 4 W T FA48 #jAo) 20 uM fluorodeoxyuridine
I 20 uM uridine®] FH7}E antimitotic medium= 2o vyl 2 AT wjotst
Ao o] non-neuronal cell populationd ZHAAI 7= &S 3o} o]9} Fo] HX&
v} 2] ¢} antimitotic medium® 2 WzZol 7t AFMES 12 A o]t wig7lolA] wjF
sttt Fig. 114 phe-2 AAAAHEE o143 AP HE & H Ao
) PC12 Al ujok

PC-12 AlZ= AWh wieko] 753k cell lineS 2 rat-tail collagen-coated culture dish
| wioFstdon, Ad wjdRks & FHSde NGFEEXFH RPMI/5% FBS/10% HSE
ol-gatH o, vholela oy A AFE ST 50 ng/ml 255 NGFE 7}
st AAMNEFEN R B35 FEsA

(3) ABAEL] wtolz FEAD f = & F

AZ ZFE HpelE 2Tt Iytic cyce® 7HA] A8 vlold2E wiEsHH, A7t FA 5
FEAEE A 5 gk webd 48-well plateo] Wi mhe-2 A wioF AAIAME
= NGFAZ|E PC12H o) npo]#2E 794zl & HSV 2 BAR o]& 5+ ACV 50 mME&
A7kt wpolafs F4& oAAlstAth 2 - 3 A HHe2 15 U 74 wjddL 3455}, Vero
49 plaque®d AFE FH5I nlojej2o] FHHGEE FAsh

(b B2 dAb il AARIAAE
rlg2o A HRANAMNEEZ A 26t rattail collagen-coadted 48-well plates] 5 X 10* A
3=

58k, HHFE] 255 NCFE st A7t &ds] £3171 5ol 3 g7ba) wjg

IE
SATh mpold 2 ZEsly] 12 Al Al FE AL fE357] 18] HSV (84S Hbsla

a}
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1 MOL7} 517 Fst ek Adulol 8|22 ZH4AIATH HSV X184 glo] wpelai2 24 A, v
olg AL FE ZAdH A ¥ Iytic cyce JHA AL Hlolg2rt wWiEEHo] AES}
A A9 (Fig. 12). webAl, FAuidubelgd29] FEAEE Fxd7] 8] A8 744 HsV
AZAE 7R FEAE 459 Holalx 9712 2AbekY wild typedt w]wEtH T Table
59} o] Foll 7+4Al, ACV, ACVS} PAA, & ACVY HPMPCE A4de o FEEEE
Az} vpolgAdrke W Apolrt gigith a3y, 7l 7 Q ol BE cultared) A ZHE 74
k. ACV WAl vlol2i2gl AR1Y] 7399l ACVEE AFRFLS AL ZE7de] A3 ¢
olAx wolEA A7t LS 4 £ AU 20 U Ao BE welld A FEAAEHUA T,
ol tF-Ee] AAAUAMIA wpoleize) o5 A o} Fago] AETT AYr] G
ok A%, ACVS PAA, E=E ACVS HPMPCE EAl9 AFS-3E AL, ACVT AHESI9S
Wobs @] Fo} npobAl2 24 7 d ghe] RE cultured) A FE 7 HojFH 1, AR1S] B
AE Aslst FEFAEE H2 o vlojgizx 97t Fob fAMEE & 4 dSinh wekA vl
T2 AARABAHES FAERD FEOE ACVSE HPMPCE velel Zdsty) 12 Ak A9
Alste] FEAEE Ko vtolels Z AT E 35ste] DNASY RNAE 2% o
%, viral DNA polymerase] primerg ©]-$-3+ PCRZ vDNAE, LATY primers o]&3
RT-PCRZ LAT transcripts& Ztzt EAFE FIstct (Fig. 13).

(W) PC12 AE

PCI2AlZx= Y EQ AEFPHELZE (pheochromocytoma)ol Al feEglen, o5
NGPel et 52 AshdE 7HAe +4AE 7T sich A wjoksly) slsiae NGFE 8
Q= A AR vloleiz FE AR B3 AFL ddAME oA NGFE 3718k
oF ABAES BEA4E 7HAA €k PC12 HE 9} NGFO] whgo] 9sld Mo AL 2o
=3, ABE7I7E AR AR A FEAAIE e, HSV #9 A] ulolga
9] procuctive cycleg AFsl= §HE /M2 gtk wabd, B AFGAE g A} wljof
HABAES A PCRZAES  wolga FE A9 §5 dFd o] &sith
Collagen-coated 48 well plated) 5 X 10" ¥ 2 23317, 255 NGFE A5t HT7} oA
3 237h =ol A wzia) wigdch 23} 52 gL AEE AAstD, vlolelx 7Adsy] 24
AIZE Aol HSV 2821 (ACV)E A2 @ Ant A2siA 2 AT vpolglx drte =33
of mlolg29] A8 7Y FFE AT Table oAs} o] ACVE ATstx] e A=
dlMe mlolds Y 3 F FAE iR nlo]gAEo] 50%n v FEFALS Ve
SHARE wholg 2 sy ACVE A3 NZoME 257 FHE A BE cultures) A
A5 AEES Ut 22y 32 g FojR vloje AP ATE 343519 Hbo)
A FAZY LAT transcripts® PCR#} RT-PCRE £3}a ZASIYT, wlolglA S3x}el
LAT transcripts& ZI8I ST} (Table 6).
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Day 0 OFRA TG HE

!

Day 0 Collagen2 2 ZH &l 48-well platedl| A B 2k
(Maintenance medium : 3 Bli2¥)

!

Day 3 Antimitotic medium ( 28 82}
!

Day 5 Maintenance medium ( 22 B2
!

Day 7 Antimitotic medium ( 22 B 2F)
!

Day 9 Maintenance medium ( 22 Bj2¥)

)

Virus Z4 17| 12A12F Toi| 2k2 32|
Day 11 ( ACV, PAA, HPMPC)
Day 12 Viusg 1 M.O.I7} E|E 8 24
Day 12 1 A2k got B2t
l A= AY el A
B S HEE Hj2UC R TG MES Y ~LAT A 221 - RT-PCR
Day 12780 | (237 Sob Mz tf 2 : Virus Zol A1) | | - Viral DNA 21 : PCR
l - Plague assay

HiolB{A MEN T AE
( Heat, agent, NGF deprivation, UV)

D0-7 | BiOlE|2 MEA ol A

Day 30-37 — > | - Direct plaque assay

Fig. 11. General scheme of latency and reactivation of HSVOl model with primary mouse
neuronal cells
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Lytic infection Latent infection

Mock Mock

Fig. 12. Cell morphology of virus-infected primary mouse neuronal cells
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Table 5. Establishment of latency in primary mouse trigeminal nerve cells infected with HSV-1
(F) or HSV-1 (AR1) and treated with acyclovir alone or together with other anti-HSV-1

compounds
HSV-1(F)
ACV ACV/PAA ACV/HPMPC
Day % latency titer % latency titer % latency titer
1 000/20° 669 X 107 0(0/20) 391 X 10° 0(0/20) 2.24 X 10
4 40(8/20) 7.95 X 10' 60(12/20)  9.20 X 10' 35(7/20) 462 X 10t
7 100(20/20) 0 100(20/20) 0 100(20/20) 0
10 100(20/20) 0 100(20/20) 0 100(20/20) 0
HSV-1 (ARD
ACV ACV/PAA ACV/HPMPC
Day % latency titer % latency titer % latency titer
1 0(0/20) 512 X 10 0(0/20) 796 X 10% 20(4/20) 861 X 10"
4 0(0/20) 774 X 10° 30(6/20) 506 X 10! 95(19/20) 273 X 10
7 55(11/20)  2.32 X 10! 100(20/20) 0 100(20/20) 0
10 100(20/20) 0 100(20/20) 0 100(20/20) 0

* % (no. of virus-negative cultures/no. of total tested cultures)

¥ Lorenz and Bogel calculation of plaque-forming units (PFU)
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Marker Mock F AR1 AR2 AR3

400 bp
300 bp
200 bp

100 bp

4 LAT transcript

2R A

Marker Mock F AR1 AR2 AR3

1550 bp—»
1400 bp—»

<4 PCR product
1000 bp-»

750 bp >

Fig. 13. Confirmation of latent infection of HSV-1 in pirmary mouse trigeminal nerve cells
by RT-PCR for LAT transcripts or the DNA polymerase gene
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Table 6. Establishment of latency in PC-12 cells infected with various strains of HSV-1 and treated with or without acyclovir

% Latency (without acyclovir)

Day F ARI1 AR2 AR3 AR4 AR5 AR6 AR7 ARS AR9
1 0(0/16)" 0(0/16) 0(0/16) 0(0/16) 0(0/16) 0(0/16) 0(0/16) 0(0/16) 0(0/16) 0(0/16)
2 0(0/16) 6(1/16) 0(0/16) 0(0/16) 0(0/16) 000/16) 0(0/16) 0(0/16) 0(0/16) 0(0/16)
5 0(0/16) 31(5/16) 0(0/16) 0(0/16) 0(0/16) 0(0/16) 0(0/16) 0(0/16) 0(0/16) 0(0/16)
10 0(0/16) 56(9/16) 0(0/16) 6(1/16) 0(0/16) 6(1/16) 0(0/16) 0(0/16) 0(0/16) 0(0/16)
23 38(6/16) 56(9/16) 100(16/16)  63(10/16) 13(2/16) 50(8/16) 31(5/16) 25(4/16) 75(12/16) 31(5/16)
% Latency (with acyclovir)
Day F ARI AR? AR3 AR4 AR5 AR6 AR7T ARS8 ARY
1 0(0/16) 0(0/16) 0(0/16) 0(0/16) 0(0/16) 0(0/16) 0(0/16) 0(0/16) 0(0/16) 0(0/16)
2 38(6/16) 0(0/16) 0(0/16) 0(0/16) 0(0/16) 0(0/16) 0(0/16) 0(0/16) 0(0/16) 0(0/16)
5 100(16/16)  75(12/16) 0(0/16) 0(0/16) 0(0/16) 13(2/16) 0(0/16) 0(0/16) 0(0/16) 13(2/16)
10 100(16/16)  88(14/16) 44(7/16) 56(9/16) 31(5/16) 81(13/16) 38(6/16) 38(6/16) 50(8/16) 94(15/16)
23 100(16/16)  100(16/16)  100(16/16)  88(14/16) 75(12/16) 81(13/16)  87.5(14/16) 93.8(15/16) 100(16/16)  100(16/16)

*

% (no. of virus-negative cultures/no. of total tested cultures)
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Marker F AR1 AR2 AR3 AR4 AR5 AR6 AR7 ARS8 ARS

400 bp
300 bp
200 bp
100 bp

VYoV

< LAT transcript

Marker Mock F AR1 AR2 AR3 AR4 AR5 ARB AR7 AR8 ARS

1550 bp-»
1400 bp—»

< PCR product
1000 bp—+»

750 bp > §

Fig. 14. Confirmation of latent infection of HSV-1 in pirmary mouse trigeminal nerve cells
by RT-PCR for LAT transcripts or the DNA polymerase gene.
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@ FEHEE ABATEEH ASY f= € F

Hiojgix A&t 71de] A Y3 9 AA FAAW, ARG} Hojd o 4%
AE He EAsHE vlolds FAAY o A dHAAA AHH L= vlolgx A
A7} @ o] wtolH st FAETE FAF IR nlolglAE anterograde transportol] 2]3)
sensory nerve® Wl T4 4H HEZ olFsdtd nlelgx EAE siA Hoh ABAR
Qo & ZAEH uloldie RER HE9 o AT o3 AL HoAh o4
Fo, UV 2AL 1& A, AXY A9 2 5o s} A dojvty, =3 ojd &}
Slo] AgAog® wlolzizo] AT Dojr|® Frh B dAFeas 1Lxa,
FEA T, UV ZAL, NGF AA, 28|32 indicator M E&42] cocultured)] 2}3F wlolg )

O zeAD : FE AAE AZE RCAA 3 AZESE wjdste) 1o o3 FE 7
¥ ulolE =g &AL ARG

@ FEAY : ABAAIE A% FEZE 100 uM forskolin = 100 uM thymidineg
ol g3tith FE TP Ao HH FAE AA & F FES UM Ao E PN
7t G MEINA witste] B A E wlo)HAE B3 AR

@ NGF AA : AL ujokaiol A NGFE &3 AA 37 As) NGFE AAT wj Fy
o2 58 AlH 3 % 1% anti-mouse NGF serum2 7} 3h wjoyol-e <8 7}ad s A
Xofl B Foh olF AIE wirlolA 1 AlZE B wikste] FE A H vlolgag
A3 skAl Tk

@ UV 24} : UV handle lampE o] &3} 225 nJ/oi2 FE 7Z4d® A ¥ UVE =
Abste whole{ 28 A5 A7

© Indicator H]Z9}2] coculture : Indicator ML E o]238 ¢l 7+ nlo]al 2]
33t dHolE Vero JEE o435t 2Y AY9 D AT Vero MES 223
ojF0] ulelj2o] ABA S FAMIAT

o A

55}
3

OB whe Qb vleF AAAAM T

FE AEE b A ABAEE o A ZAFE Fo ulolgx AT A
L SHTh Table 7oA 9} Zo] Fo) 8 748 AAAAHE Fo) 3% P57} o}
g ASglel AFoz AR GAT, FYRA nlolelze] BE ZA® AxpAA
AEoMe AEAE7T dojuha] ¢rokth Fol 8 ¥ M TS 1237, forskolin
A2, NGF A|AH, Vero A|¥Eo}e] cocultures}ﬁi APt < dojd e 4 4 it
St gk FAUAupol g el FE 71 E ML= NGF A A vero AZE S+ cocultured)
MR 12 cultured At AFAET dojdm AR3S A¢ole A8 ABASIL Yot
A stk At Yo cultured] A9olls A2 22 2-3 U Qb TR o
ojutth
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Table 7. Reactivation from latent stage of various strains of HSV-1 in primary mouse

trigemianl nerve cells by various reactivation-inducing methods

9% Reactivation
(no. of virus—negative cultures/no. of

total tested cultures)

Model F AR1 AR? AR3
Spontaneous reactivation 3(2/72) 0(0/72) 0(0/50) 0(0/50)
Heat stress 20(3/15) 0(0/15) 0(0/10) 0(0/10)
UV irradiation 0(0/15) 0(0/15) 0(0/10) 0(0/10)
Forskolin (50 uM) 14(2/14) 0(0/15) 0(0/10) 0(0/10)
Thymidine (100 uM) 0(0/10) 0(0/10) 0(0/10) 0(0/10)
NGF deprivation 7(1/14) 7(1/15) 10(1/10) 0(0/10)
Coculture (with Vero) 14(2/14) 14(2/14) 20(2/10) 0(0/10)
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(h PC12 A E

PC124 29| njo|e 28 FAANA FTEFEE 2T F o2 FRAAZAES o}
ANAZ 48 7R AFL Fol upolgl2e] ARHINE etk 3, vlolgl A A
LAzl HSV X BA] ACVZE 43¢ plxe AZ AT B4, F9h ARI-ARGS
FE 2d A F vero AES coculturer] ACVZE Qe 2SS 2ok ACVYE Qe A%
7t 2 d) o)l =& xﬂ%ﬂiﬁ o Uehth o] ACV/E nlolds AR Ao 9
e A7) gED Aeg FAHE 283, wtelg2d] R wE ARPIYEE
Z Apole Holx) kA 2 - 3 URE AT} ARE N, R cultured) A A
A3 ABE A Vero AE8S] coculture A-¢-9h= 22, 12 XY A& FHdle
20% w]ake) XH%’\“Q}O < BEYA, UV 2AL NGF AA, %E AP (forskolin or
thymidine)&] =}=& < Atds FEAEE violg 2] AFHES BEF £ AU
t} (Table 8, Fig. 15).
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Table 8. Reactivation from latent stage of various strains of HSV-1 in PC-12 cells by coculture method

% reactivation (coculture with Vero cells)

F ARI1 AR2 AR3 AR4 AR5 ARG AR7 ARS8 AR9

w/o ACV 100(6/6)" 56(5/9) 88(14/16) 73(8/11) 100(3/3) 86(6/7) 80(4/5) 100(5/5) 92(11/12) 80(4/5)

with ACV 50(6/12) 33(4/12) 67(8/12) 64(7/11) 44(4/9) 56(5/9) 70(7/10) 64(7/11) 58(7/12) 64(7/11)

* 9% (no. of virus—positive cultures/no. of total tested cultures)
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Fig. 15. Reactivation from latent stage of various strains of HSV-1 in PC-12 cells by

various reactivation-inducing methods
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U TKeF A 249 4538 a7

(1) HsV TK @ de] Az} 4 A
the-ol 238 rabbit polyclonal anti-HSV-1 TK&HA|2 Al X TK @3 $X)E confocal &
m7eg g1g ARoltt HSV-19] TK# AL Azl do F2 EAs)H, 948 FF
o) U3} AAMTANE vh7AYL theel Fg 16014 & & ATk ole K F2 A
Ao ZAZTRE B Ahvtels Avtoith TK-EdMolF2] TK localizationd 3389+
dl, nuclear transport signal (Degre’ve et al, 1998) el <ol TAQE 2 2ok
(Fig. 17).

(2) HSV g 5 AXJ TK] ddxA}

HSV-1 (F)&] wi Aol e SR =9 TK 48 W& ¢7] #1514 48 well plated]
duplicate2 A SHA AL+ VeroH| Lol 7}2ke] nlo]g] 2 (2 MO/ cel) & H 7131y 1 A7 &
A FE3 LG AN F FHEA & vlolae AASL G F 3 AZEE 21 A7}
A trypsing X5t vlolai vt FAE NETE FE5IET FEI AR E -7T0TCANA
LHG7t 5 F lysate buffers F715tn 4488 F A5ATE 53

5 531 dAsE= o
M Ag o]835t} Western®} ELISA £4-2 51t} (Fig. 18). TKS] &3] 3 A7k PIRH 4
= o

Bhr] AlFshes e @ 5 3lem 7 A2 PIRH 21 A7 PLZAA & vd A4S BYS
YERHI T Fig. 18 ol A2t w27 A 2 F3 T A4500 A 573 8k gho] 3 A7 PIRH X<
o2 AedS & 5 Avk sAw 21 A2 Pl A ghe] Dol R EH) ol uholgj 27t B4)

AETSZ FHEEHA U7t 28 Rez Azbrjojdct. TK RNAG o3k RT-PCRZ 7
ol & T F o] TKA-H At 242 &t o e AYL FZA130} o]2 4 HSV-1 (F)
o A F717} 18 A7k PlIo| A} 22 A1 ZF PI ALolo A o] R oA the ZAx TKY W&ol 7 A|7F
o] FH-B 18AI 7t Pl Abolell Al 7} wo) o] Foi A& & 4= AT TK localization A}%
= TKEH do] HE7F F& w711 b3 2ATE ¢ + ARG (Flg. 19).

R < o

@) AE F2E9 2D AV9E

TK SR FEL AZTUdA TKEAS Jehlix et vlolgls 9 F TKEAou
TK @9 ds Fd=e AZd 838 Zohfr] $18 2D A7194% 71ee &ysiz, HSVe 7
AE Veror| 9] F3ES 2D H7|95E S3l9 gl d7 EF otk 2 Vero
EZ Fo} mocke 2 ZAGAA o, ¥ Vero 2ZEL Y2 [EFR 2 22 SDS/PAGE (18
an x 18 em)2 FAIZ] thg silver stain & HAMIEH D4 autoradiogram® 2 JERG
spots& EASIXCE Cell lysates YART T AF5YE soluble Tl AR, A EZH A7)
AAE-E SDS7F TFHE gel loading sample bufferz ThA] &1 & QA E 2|5l Ao AEde
insoluble S A 7 FABLY T} upole~ol G H 143B Al E9] soluble T ] 2D gel A 7)Y
5 silver@A gk A}Ro] Fig. 200] FAE Q) ulolaizo] 74 H Vero AX 9 insoluble ¥4

AR &304 Sd ) silversd A AFRF} [PSlmethionine © 2 labelingsld A& autoradiogram
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mock/Vero Maclntyre/Vero MP/Vero

F/HEL 299 F/primary mouse TG cell

o®

Fig. 16. Localization of the TK proteins of various HSV-1 strains in different cell lines
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moock

AR 3 AR 4 AR 6

HSV—-1 TK localization in Vero cells (12 h p.l.)

AR 8 ‘ PR 1 PR 2

Fig.17. Localization of the TK proteins of various HSV-1 strains in Vero cells
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Western RT-PCR of the viral TK gene

kDa t 2 3 4 5 7 g 12 15 18 2t h

Mock

77

Fig. 18. Western, ELISA and RT-PCR profiles of the TK of HSV-1 strain F during one-step
growth in Vero cells growth in Vero cells
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12h 15h 24 h

Fig. 19. Intracellular localization of TK of HSV-1 strain F during one-step growth in Vero cells
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AHE Fig. 21 ~240] FEAISIGITE TKZAo] Sle HlolglAst fl= mhol22rt #AHUNE W Al
TojAe] dhild Lo AolFE ¢ Hoste dHAL FAF] BHoUo, EA oHF
o] wot 2D A7|9F % EA 7Ieg FHT Ao BEspr]= S8k

4) M EY thymidine 2 FEH &4

thokal HSV E4Mo|ZE Verod Xo] 7Z+dA171 & [BH]-ThdE #7138+ o2, ATs 89
H Thd%¥e] AT2A 249 12 A7t & AE22E] SANBAL 235190 Fig. 259 o] F
o Thd 4ol 7FY =%, TK-partiall AR2, AR4, AR5, AR6, AR9Z wlo|g2Fo) uhel 2}
ol QA Thde] %ol A=A, TKnegativedl ARl AR3, AR7, ARSE mocks} 2ol
Thd #%ol A9 TAHA @tk TK-partiale] HEFEA AR2E, TK-negative$] tHEZA
AR1E Fo} A thekst Al Zo) 7gdA17]11, TK-dependentdt 2FEQ1 ACVS} GCVeF PCVE &
YRS 23Tt (Table 9). PCVS} GCVe] §9lo] TKEA s 714 2 ke uwgton
ACVE 7V 23tk wolele TK #7748 $she FTKI3BAES cellular TK-deficientd
143BA Z A ATE v wstgsd], FTIKAZAA Ald kBESe] 590 3239t} o224
olgl2 TK/ 7142 ol4HE BASS AT 43¢ 2 9L 7x= AL ¢ & gk
HSV-1 TK= HSVe] DNA Falzt Z#HHA ATy a4k 2 G 5A9) uptakeE 24 37}
RS TSl Fig 20904 & & Itk F, LEEY ACY B vlolaz faAel 240 o
A (thymidine®] DNA incorporationo] ofubA] :8)¥|o1E uptake’s 37H-& & % glgich
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Mock Overlapped mock and F
pH3 pH10 pH3 pH 10

F AR1

Fig. 20. 2D analysis of silver stained soluble proteins of virus-infected 143B cell lysates
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Mock F/3hp.i

F20 hpi. AR1/20 h p.i.

Fig. 21. 2D analysis of silver stained soluble proteins of virus-infected Vero cell lysates
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Mock F/3hpa

F20h pa. AR1720hp.i.

Fig. 22. 2D analysis of autoradiographed [¥S]-labeled soluble proteins isolated from
virus-infected Vero cell lysates.
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Mock F/3 hp.

F/20h p.1. AR1/20h p.i.
Fig. 23. 2D analysis of silver stained insoluble proteins of virus-infected Vero cell lysates

Insoluble protein means the proteins of cell debris precipitated after centrifugation
cell lysates and dissolved with SDS.
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Mock F/3hp.i.

F20hpi. AR1/20 h p.i.

Fig. 24. 2D analysis of autoradiographed [”S|-labeled insoluble proteins isolated from
virus-infected cell lysates.

Insoluble protein means the proteins of cell debris precipitated after centrifugation of
cell lysates and dissolved with SDS.
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DPM (x 10°)

DPM (x 10°9)

300

250 +

200 A

150 -

100

50 4

B Postinfection (Hours)

160

140 -

120

100 A

80 4

80 A

40 A

20 4

Postinfection (Hours)

Fig. 25. (A) Intracellular uptake of [3H]thymidine and (B) incorporation into DNA in Vero

cells infected with various strains of HSV-1.

HSV-1: mock (@), F (O), AR1 (W), ARZ (), AR3 (M), AR4 (), AR5 (@), AR6 (), AR7
(A), AR8 (A), and AR9 () strains. Other experimental details are given in Materials and

Methods.

-71 -



Table 9. Influx of thymidine, acyclovir, ganciclovir and penciclovir: influx relative to 143B
cells and mock-infected cells

Influx relative
Influx relative to mock-infected cells

Compounds Cell lines to 143B

Mock Mock F ARl  AR2

Vero 4.1 1.0 52.2 1.2 3.2

Thymidine 143B 1.0 1.0 116.0 1.7 3.7
FTK143B 33 1.0 5.1 2.0 3.1

Vero 2.7 1.0 2.6 1.0 0.7

Acycelovir 143B 1.0 1.0 9.1 1.6 2.1
FTK143B 7.5 1.0 33 0.5 0.7

Vero 0.7 1.0 79.2 4.7 29.0

Ganciclovir 143B 1.0 1.0 541.1 2.6 17.9
FTK143B 201.8 1.0 3.3 0.8 1.5
Vero 0.1 1.0 263.8 3.7 57.8

Penciclovir 143B 1.0 1.0 2132 1.2 28.7
FTK143B 98.2 1.0 1.8 0.9 1.4
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Fig. 26. Influence of acyclovir on (A) intracellular uptake of thymidine and (B) its
incorporation into DNA in Vero cells infected with various virus strains. Acyclovir was
added after 1 h-virus adsorption.

ACV: 0 mg/ml (@), 1 mg/ml (O), 2 mg/ml (V¥), 5 mg/ml (V), 10 mg/mi (M)
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3. BEAA A+

7h w2 ZFEEA S ulolz 2 oyt

AAY " HSV-1= dAEEE i ol5g 31, olF Fo Aol e
ZH A wlolgx FA1E AR Hpojei2rt AgElE Aol A wEt ThEn o
v YFAIE o] 83 zosteriform model®] m}-¢2 AL (Fig. 27)3 mlY 2 miajol A F
FH Z 239 glolgi&grtdA & £ ok XX o] Qe Eo] Ag AEFAAHE @
outolei2rt HA T Aol FAEE AL U Fig 289 29904 & 4 U AR1
o] B% sHtolg vt Ao BRE ZANA BAFHA gatt (A AAIHE

HSV-1¢] mouset g Ed % HIZARIEAL o|&35lr] 95t WTalolgixag Wiy
= ST o Anlelzi 25 HAAL WTH nludtiut. dFU0 AASAdA A
S® o FA < 20 g9l 5 F Y %A BALB/c EE ICR mouseE o|HZF n}3H A

2, % 5 rtg] A HSV-1 (F) 50 uld 2 FYAAZ AF @ SAE Ha 3
27 2} wlol#l 2AFF 10° PFU/moused]| A F= 100% A8 (HAAZY 59)
< UEHn Zd3AE ASd4A, HEY, HEoz A3 gl Hioly Ao
d mouseZ} £o] FAE JehlA] &g wrl 2onz AFPgae AWIRY FQ9 A
E2 ol8E Atk AFARY AFE 7FLR 1 g o #AT AL AEh4=
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Fig. 27. Mouse zosteri-form model

Upper, Tissues from which viruses isolated; Lower, a hairless mouse showing zostri-form after

percutaneous infection with HSV-1 strain F
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Fig. 28. Virus titers of the tissues isolated from the mice infected cutaneously with HSV-1

Upper, group 1; lower, group 2
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A00

200 - LAT (195 bp)

RNA/RT ~ PCR DNA/PCR

Fig. 30. PCR-detection of LAT gene from RNA or DNA extracted from tissues such as
trigeminal nerves (TG), dorsal root sensory ganglia (DRSG), olfactory nerves (ON) or eyes
isolated from mice infected with HSV-1 intranasally

HSV-1 LAT products: 195 bp
mouse B-actin RNA: 539 bp
HSV-1TK gene: 273 bp
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TK western
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kDa
2.8 —p
326 —p
17.6 —p
Summary
AR4 AR9
TK activity + p P
TMPK activity + P -
TK protein +++ +++ +++
TK mRNA o+ +++ +++
In vitro ACV (Vero*FTK) S*S R*S R*S
GCV, PCV S M M
BvdUrd S R R
BrdUrd, 1dUrd S M M
Ara-A, Ara-C S S S
PFA M M M
In vive Virulency H M H
LD, (IC)(PFU/m) 1,200 198,000 125
2nd infection(PC) + - +
2nd infection(IN,IC)  + - +
ACYV resistance S R R
Reactivation(explan + + +
Express Protein normal weak normal weak  normal normal normal normal weak? normal
RNA normal Normal nt Normal nt nt nt nt nt nt

Fig. 31. Various characterization of TK-deficient mutants of HSV-1

..81..



N 4 & sEEHY: & 2AFE0i2] 7[H=

1) AFAL] HFHE
HSV-1¢] QA JEHZES2RE AFAG7AH vIKY 9GS 73517 Hste,
thFdk vTK-deficient HSV-1 mutantE-& &35t ExEAdA AFstd AA A=
2 239 FAL WAL, 239 A 3 NS A ¥ A4S Fuse 30 2
A el Zldsi, 2RI A S Jleke BTl HEF ERXHC o) Y
AEE, AZ G 2 FEAANAY A8 JHd HAGd tisk vIKEE 2 B4
TK-negative mutantE3 WTQ! strain F&} v|2 AR5 TK 1214 W3 9x&

T B /e AT FYSARAD. o T woles 34714 olaA,
AR Gupelel A A% Bl AEHoz SART g FANYEA e
=3k, GETzAAC £go] HE AuATE ZER YT

i

HSV-1 TK mutant 9 F-& ©]§3t FEFFoZRE ] ANGA 7|-oMHg TK 4
< 79

T2 H8E FAE 9 F mutantd] TKS 433 A79 TK A3)A =

- QA ABAZEAA NN FELE R AGHFEAA FYE TK mutant B4
ZA}

2 5 ojd9 TK mutanto] Z¥® TK v]2d £ HSV TKRAA EF] A2
TENE vg

U7 vk 22 HSVA JEZY A4 $E F TK mutante] FEzh

cEN

i

(2) 92 a7e BX 2 e

...82_



oHSV-1 WT# mutant ARLZ AR2 u}
olEl2 9 TK FAAe FE
HAAA T 2 EAAE vTK o9
Ae) TK 2 TMPK &4 9 2 &
2 A 3 A %”’-‘ﬂ

onh S WA} AZA T A AN A
FRED AA S B B

‘wﬂd typei} 2 29] mutant VTK‘H‘X']Z]'-" Eﬂ’%ﬁ
WA 5 2 g e AA (FTK,
ARITK, ARZTK/DGX plasmid A2 2 Z} vTK
A el A A))

E2Ax8 vIKe] TK/TMPK &4 f7b (TK
2 TMPK &4 9443 deficiency 95 &9l
EEAAY vIKE 883 TK AsA g4 9
antiviral assay (EE%<2 50 7} o] g4dF%
A A& AA)

0 HSVZA4Y moused ZF2dM LATH

oMock, F, ARl == AR74 44 24
12} | € ¢TK 143B M=o gladud e vpg2 dap AAAE g A &9 (trigeminal
e A R R 8 nerves)
= AAAFAAY wild type BFelZ £ 9] lytic cycle
(2001) |oHSV ¥ ZAZY  mouse?) ZA oA o] ol HEZA FEAA Y
PCRE &&3F vTKHA A 89l
2D A795 S 53 A¥E Z wlolg]a dwa
H BEAM (mock, F, ARl E= AR79 Z+2 24
H ¢TK 143B Al &)
Mutant® host cell tropism ¥ (AE 32F o]
Aol A ZF mutant®9 97 &3)
b2 W7y S 2RO ZdAdE uvlely
27F FRlEs A7) ZREHAGE A7dA 9
PCRE& o] &3t HPO]EH: TR A4 I
0 HSV-1 TK-mutant TK 22} o)~ mutant vTK#Zz}e] @& A A T3=(AR7, AR4,
Aod Zd 2 EAA" vIK E| ARS/pGXAA)
qat - W gl Ha AA
- vTKE o] &3 BVdU-MPAA
- BVdU-MPE ©]&3 vTKY TMPK €44
- Zgx FHYUAAE dR  vTK9  crystal
structure #4218 (F, AR1¢} TK)
- vTK inhibitor ®4 % antiviral assay (50 7}
o))
0 AEZjgAANA ] FEDD L =)
34 E4 - Neuronal AZAAe HSV mutant ZE7-4 3
2l (AR1, AR2)
; - WTe Agd = 2 SAAA 3y
22} - A EY thymidine 2 #FE32 AZFEA (Thd,
UE | 0 HSV-1e 299 Azo v 2 TMP, TDP, TTP)
e =]
(002) ®EH

SRR

1.

- Mutantoﬂ ZdE cTK -143BAlE o) vz 2
gl (WT, AR1 &+ AR7, mock)

- Mutcmtoﬂ Zrd 5 cTK /vTK -FTK143BA £
A Fe (WT, ARL £+ AR7, mock)

- 2D A7]dsE& T AlE L ulolzjA gz
IS s

- Mutant®] host cell tropism ¥ (HM¥ 3%E35
o]/\]_)

- 5o wwael $A8 A9 ohulwand BA

e

- mutantd] ZrFE mouse FAGA wpolg]A =
LAT gene &3l WA 2 (WT, ARD)

B3 -



,?.

0 HSVZ Y moused
Az} gl

4 24
., 0 HSV-19] 78 A
3 ay
A
(2003)

0 HSV-1 TK-mutant TK v"* XF EH £
aW gy 2 ZdAA" vTK 544

0 AEujFAAANM S FEZD 2 A&

o wun wd

ZANA vTKH

‘é.&"] EeAAd 4% v
structure 41218 (AR2, AR7¢ TK)

vTK inhibitor B2 2 antiviral assay (50 7l
o)
vIKEA W] A& 2484 §4 A
vIKA A 244 488" B8

Neuronal A¥A el ZEZASTAAA -
HAsstA g

Mutant®) AEA = 2 < (ARl - AR9)
A EW thymidine ¥ X9 HFEA
vVIKEAWMo] $x)¢ A&
vIKASA 2 ZE7
23l

U.& O_La

Mutantell 729 ¥ ¢cTK -143BAM £ gwWAa &
3

Mutantell 299 cTK AVTK'-FTK143BA) 3 9]
oAl 2ol (WT, AR2, AR9)

2D A7|g5S T HAE F wlojgx iz
\:ﬂ-% E)\“

Mutant® host cell tropism B]3 (AE 3%
o] 4

ol o]l wAHE AHg otnnpAbMd BA

o) %

mutant¥] 29 ¥ mouse F2 o] WHY3tstA 3h
i

mutant®] ZEE mouse FA A ulolgixr L
LAT gene #2: viA7zd =4 (AR2, AR7

AR3, ARS8 %)

- 84 -




(3) ﬂ]QEﬂH] =g s

o ZEs Hov T TK gened] oI 100%
HSV-1 TK-mutant TK fdzte] ol 23AA +5 2 @¥d £

1 | ATy 2dA4 g8 2 223A49)2) TMPKEAE 100%
vTK S A+ 3) TKE o] 91219} TKEA¥A 100%
23

1 wp$-2 Az} A FMEL} AABAE
F PC-12 Wit (=b474 3 dorsal{100%
root A 74 A Z)

2) 217 HAEA HSV ZFEZE FEH00%

g FEzndgaAs Fd (vDNA

2 AZMFAANN S wupan g LAT tanserot %D 100%
a1 wm B 3) HSV LAT gene cloning o
H X WL 4) WT-O’] ZHQ_}\_] _”_1—4 g] ;Q:Lo] 100/)
5 AEW thymidine ‘3—1 T4 A 100%
HEA

6) Mutant® AR F= 2 329 100%

HSV-1d) %

[e:]
3 24AA #y 4 24 Al A% 100%

D WTel ¥7% 7+d ¥ mouse Zi?] 100%
Y PCRE o] &3t ulojgf 3

AA 2

4 HSVZ Y mouse?] ZAoA vTKH(2) utantd] G = mouse 239 WA

AAr &<l ghekA el (vTK)

- mutant®] Z9E mouse FZA A
afolei~ L LAT gene &¢): u|7t
Zd (4% olAh)

100%
100%

_85_



N5 & ARNLEI YA

HSV-1 TKE 715 9 shrt Zdd mpolg) 29 AApl 3k sdolats He
HSV A 84 7/id-g % A28 FeHolth B dF&8 53] 283 HSV-1 recTKE
2 283t TK A g S48 Aoy, FELGIH Q@A AATE AL
T Aot HSVA RS o3 WL QAW wAAA) 71U AT vl |
9Bty ZWoAe ATE Fsla, HSV-1 TK G thdh Axmey TAwWY o
F& ZTAEHH, HSV-1 TK Ed¥ol32 HYgwreS 58 5 S =32 A& 7154
ZAE Aol HSVE FA 71, a4, AR4, 394 714 S g ols) &
o FRI APVl AFAEE 02 vlolgay b2 dFEoE 8T F e

i

ol
¥

w5 flo 0% _I
.3

o]
HSV-1 TK9] 715 %9 7t #Ag® nvlolgi2d Ay 4k oozt HL
HSV &4 7/id-& 4% Az 2edoltt B A3E 58 a3 HSV-1 recTKEHY
2 F83 TK A3 g4e 3T o Ho|n, FEAIR AGY7NAATE AL
T Aotk HSVZAE 3 2¥e Ay HIAAAYL 193 BAS dvie] =
‘*‘Elf—ﬂrzi ZHo A dFE fsg%}o% HSV-1 TKZA o tigh Admoy £4H Y o
ZAFsHH, HSV-1 TK E¢wol 3 s FEY F UE TFE AE EA

TR
AR Aotk HSV F24714, %EZJ‘E, A2, LA 71 Sl A o3 &
X AF7led ARAREE GE vlelgiay b8 dAFEokE Y 4 YL

O

O

—_—

-

£ “‘“’
|

N Do o2 @
[¢]
&

HSV-2 = A A4S T2 dodled, vz A9 1980 AiRe uhd < 30%
o AEITHEE B, 1997 9% umj=F9 16 Al ol AT oF 22% (FR 18%, A}
25%)7F AEE Aol RaE k. HSV-2E= HSV-13 §Ax19) oF 50% E5AL 741
Ao, A7IFAA HSV-1HTH AZAgdgo]l 2 w) o4 Eom, HSV-1 Ry o
neurovirulant3dt Ao 2 BT HSV-1o] H¥dL & Yo 7)=g #|s HSV2:= g
< Bol dovl=d, ol HSV-AlE AAMNEES 53 w2 s b8 HSV2E 8
dew Fooz Fasy) MBI B AN BAR obrlsE HSV2 A% Bg
stel, A ABAY WAlo] W U= herpes FRAAIY ALY QAT ALY =
e AToee A&Hoz 24 dFel

;O

...86..



1%

N 6 & ATHLIAFA fEBE sl |=dE

acyclovirel A9A1Q1 hydrocortisone€ 713+ A3A|7} o}

AA| herpesx| EA2 o] &5 =
o] 4% RNF Aol FAF o] YR Folth (Medivirrte] B

S2BARdo A ALY A
Oberg).

..87...



Arthur, J.L., Scarpini, C.G., Connor, V., Lachmann, R.H., Tolkovsky, A.M. and Efstathiouy, S.
(2001). Herpes simplex virus type 1 promoter activity during latency establishment,
maintenance, and reactivation in primary dorsal root neurons in vitro. J Virol, 75,
3885-3895.

Bacon, T.H., Levin, M ]., Leary, ]J., Sarisky, R.T.,, Sutton, D. (2003). Herpes simplex virus
resistance to acyclovir and penciclovir after two decades of antiviral therapy. Clin.
Microbiol. Rev. 16, 114-128.

Balzarini, J., Bohman, C., De Clercg, E., 1993. Differential mechanism of cytostatic effect of
(E)-5-(2-bromovinyl)-2’-deoxyuridine, 9-(1,3-dihydroxy-2-propoxymethyl)-guanine, and
other antiherpetic drugs on tumor cells transfected by the thymidine kinase gene of
herpes simplex virus type 1 or type 2. J. Biol. Chem. 268, 6332-6337.

Bloom, D.C., Devi-Rao, G.B., Hill, ][ M., Stevens, ].G. and Wagner, E.K.(1994). Molecular
analysis of herpes simplex virus type 1 during epinephrine-induced reactivation of
latently infected rabbits in vivo. ] Virol, 68, 1283-1292.

Bloom, D.C,, Hill, ] M,, Devi-Rao, G., Wagner, EK., Feldman, L.T. and Stevens, ].G.(1996). A

348-base-pair region in the latency-associated transcript facilitates herpes simplex virus
type 1 reactivation. J Virol, 70, 2449-2459.

Blyth WA, Harbour DA, Hill TJ]. Pathogenesis of zosteriform spread of HSV in the
mouse. ] Gen Virol 65: 1477-1468, 1984
Cai, GY,, Pizer, LI and Levin, M.J. (2002). Fractionation of neurons and satellite cells from

human sensory ganglia in order to study herpesvirus latency. J. Virol. Methods, 104,
21-32.

Chen, M.S., Prusoff, W.H., 1978. Association of thymidylate kinase activity with pyrimidine
deoxyribonucleoside kinase induced by herpes simplex virus. J. Biol. Chem. 253,
1325-1327.

Chibo, D., Druce, J., Sasadeusz, J., Birch, C., 2004. Molecular analysis of clinical isolates of
acyclovir resistant herpes simplex virus. Antiviral Res. 61, 83-91.

Colgin, M.A,, Smith, RL. and Wilcox, C.L. (2001). Inducible cyclic AMP early repressor
produces reactivation of latent herpes simplex virus type 1 in neurons in vitro. J Virol, 75,
2912-2920.

Collins P, Oliver NM. Comparison of the in vitro and in vivo antiherpesvirus

activities of the acyclic nucleosides, acyclovir and BWB759U. Antiviral Res 5:
145-156, 1985

_88_



Danaher, RJ., Jacob, RJ. and Miller, C.S. (1999). Establishment of a quiescent herpes simplex
virus type 1 infection in neurally-differentiated PC12 cells. ] NeruoVirol, 5, 258-267.

De Clercq E, Luczac M. Intranasal challenge of mice with herpes simplex virus: an
experimental model for the evaluation of efficacy of antiviral drugs. ] Infect dis
133: A226-A236, 1976

Degre've, B.,, De Clercq, E., Balzarini, J.,2000a. Selection of HSV-1 TK gene-transfected
murine  mammary  carcinoma  cells  resistant  to  (E)-5-(2-bromovinyl)-
2’ -deoxyuridine(BVDU) and ganciclovir (GCV). Gene Ther. 7, 1543-1552.

Degre’ve, B., Johansson, M., De Clercq, E., Karlsson, A. and Balzarini, J.(1998). Differential
intracellular compartmentalization of herpetic thymidine kinase (TKs) in TK
gene-transfected tumor cells: molecular characterization of the nuclear localization signal
of HSV1 TK. J Virol. 72, 9535-43.

Devi-Rao, G.B., Bloom, D.C., Stevens, J.G. and Wagner, E.K. (1994). Herpes simplex virus
type 1 DNA replication and gene expression during explant induced reactivation of
latently infected murine sensory ganglia. J.Virol, 68, 1271-1282.

Fillat, C., Carrio, M., Cascante, A., Sangro, B., 2003. Suicide gene therapy mediated by the
herpes simplex virus thymidine kinase gene/ganciclovir system: fifteen years of
application. Curr. Gene. Ther. 3, 13-26.

Gilbert, C., Bestman-Smith, J., Boivin, G., 2002. Resistance of herpesviruses to antiviral drugs:
clinical impacts and molecular mechanisms. Drug Resist. Updat. 5, 88-114.

Gold SE, Boyd MR, Field HJ. Effects of penciclovir and famciclovir in a murine model
of encephalitis induced by intranasal inoculation of herpes simplex virus type 1.
Antiviral Chem Chemother 3: 37-47, 1992

Hill, J M., Dudley, J.B., Shimomura, Y. and Kaufman, H.E. (1986). Quantitation and kinetics
of induced HSV-1 ocular shedding. Curr Eye Res, 5, 241-246.

Kim, J.H., Park, ]J.B.,, Bae, PK,, Kim, H.S, Kim, D.W,, Ahn, JK. and Lee, C-K. (2002).
Establishment and use of a cell line expressing HSV-1 thymidine kinase to characterize
viral thymidine kinase-dependent drug-resistance. Antiviral Research, 54, 163-174.

Kit, S., Leung, W.C,, Jorgensen, G.N., Dubbs, D.R., 1974. Distinctive properties of thymidine
kinase isozymes induced by human and avian herpesviruses. Int. J. Cancer 14, 598-610.
Loutsch, .M., Perng, G.C,, Hill, ] M., Zheng, X., Marguart, M.E., Block, T.M., Nesburn, A.B.
and Wechsler, S.L. (1999). Identical 371-base-pair deletion mutations in the LAT genes of
herpes simplex virus type 1 McKrae and 17syn+ results in different in vivo reactivation

phenotypes. ] Virol, 73, 767-771.

Lee CK, Kim HS. Evaluaton of anti-herpes simplex virus type 1 activity of acyclovir

by using mouse intracerebral infection model. J Kor Soc Virol 28 (1): 63-69, 1998

_89_



Maga, G., Focher, F., Wright, G.E., Capobianco, M., Garbesi, A., Bendiscoli, A., Spadari, S.,
1994. Kinetic studies with N2-phenylguanines and with L-thymidine indicate that herpes
simplex virus type-1 thymidine kinase and thymidylate kinase share a common active
site. Biochem. J. 302, 279-282.

Nesburn, AB., Elliot, JH. and Leibowitz, HM. (1967). Spontaneous reactivation of
experimental herpes simplex keratitis in rabbits. Arch Ophthalmol, 78, 523-529.

Perng, G.C., Maguen, B, Jin, L., Mott, K.R., Kurylo, J., BenMohamed, L., Yukht, A., Osorio,
N., Nesburn, A.B. Henderson, G, Inman, M., Jones, C. and Wechsler, S.L. (2002). A novel
herpes simplex virus type 1 transcript (AL-RNA) antisense to the 5end of the latency
associated transcript produces a protein in infected rabbits. ] Virol, 76, 8003-8010.

Perng, G.C., Slanina, S.M., Yukht, A., Ghiasi, H., Nesburn, A.B. and Wechsler, S.L.(2000a).
The latency-associated transcript gene enhances establishment of herpes simplex virus
type 1 latency in rabbits. ] Virol, 74, 1885-1891.

Sarisky, R.T., Bacon, T.H., Boon, R.J., Duffy, K.E,, Esser, KM., Leary, J., Locke, L.A., Nguyen,
T.T., Quail, M.R,, Saltzman, R., 2003. Profiling penciclovir susceptibility and prevalence of
resistance of herpes simplex virus isolates across eleven clinical trials. Arch. Virol. 148,
1757-1769.

Sawtell, N.M. (1997). Comprehensive quantification of herpes simplex virus latency at the
single-cell level. J Virol, 71, 5423-5431.

Sawtell, N.M. and Thompson, R.L. (1992). Rapid in vivo reactivation of herpes simplex virus
in latently infected murine ganglionic neurons after transient hyperthermia. J. Virol, 66,
2150-2156.

Sedarati, F., Margolis, T.P. and Stevens, ].G. (1993). Latent infection can be established with
drastically restricted transcription and replication of the HSV-1 genome. Virology, 192,
687-691.

Simmonds A, Nash AA. Zosteriform spread of herpes simplex virus and its use to
investigate the role of immune cells in prevention of recurrent disease. | Virol 52:
816-821, 1984

Snowden W, W Harris, P Collin, M Sowa, R Fenton and G Darby. Phenotypic and
genotypic characterization of clinical isolates of herpes simplex virus resistant to
acyclovir. In: 11th International Conference on Antiviral Research, San Diego, USA,

1998

Stevens, J.G. and Cook, M.L. (1971). Latent herpes simplex virus in spinal ganglia. Science,
173, 843.

Stevens, J.G., Wagner, EK,, Devi-Rao, G.B,, Cook, M L. and Feldman, L.T. (1987). RNA

complementary to a herpesvirus alpha gene mRNA is prominent in latently infected
neurons. Science, 235, 1056-1059.

_90_



Su, Y.H., Meegalla, R.L., Chowhan, R., Cubitt, C., Oakes, J.E., Lausch, R.N,, Fraser, N.-W. and
Block, T.M.(1999). Human corneal cells and other fibroblasts can stimulate the appearance

of herpes simplex virus from quiescently infected PC12 cells. J Virol, 73, 4171-4180.

_91_



EZAEAY A7ES ZEAFA

ZAHH =44 7 BAHY
Absi ™
A FAL AR L7150 2 AL (A AR ol e
7} o8 Herpes simplex virus type 1 thymidine kinase &@®o] ule]z 25
d 7 F43 volelx guggo e Re ) ARAY/A AF
a7718 FEIsdATd | IFAYA | ol%w
FAF7NZ 2000 & 8 91 Y ~ 200435 €31 (344
Z A7) JREdT AREE A
(& - M) 240,000 0 240,000
71E %o AR ZerE (FAFFA471E)
714
TEATF7IH
Agd771
AFEAREE os() poAzelR() B FEATEA() LB B9 )
(~H %.561'5‘0“(\/) 5 A3 w 7116. 711:/]_9_;5‘% T
EA) 247 (v ) %ﬁ;x}% TRETRELR ) |8 1R )
SAATNEAY MEFE A iR(@FNgEe] By) A 2% ¢
A ATAY GEAFAE AFF UL

AE 1L d7F2% Z8A8AN 132
2. 71 Q9kA 12
2004 A 12 ¥ A

_92_



o
iz
=

ATy FEA A

1 A7E% 3 &

HSV-1 thymidine kinase (TK)-deficient E¢WolFe} M EMGAAE o83t nio
Ha FEAGo2RY G AN TKe A4 3 2z sddo] TKe T4ty 54
FEeol ATFERAT. olF st 1) EdWe] TK §HAE F2Ysta HFTAAM 2
FAA Zolg dlAdR 3ATA 548 FHEH, 2) AEAEY F AR LATHA
A2 F2Yst gGrIXE9e AR oY, 3) AZAA FELAT AR ASY
o Bk ABFAEY A st vrolax FENAETR AL
3 L EadWo|FY EA4u] L, 4) ANTP poole] Qi AIZRAE EA
T thymidine 2 F=A 84, 5) AZo whgsle EAEME A3 2
Fd, 6) Ak FAFTERDE o] &35ty upolelx EGYE AT WA AT Fol

AT 8ol AT

2. AT R AT F(ATFERAHTA)

o =5 g
HSV-I3h Ba® thgo) s DRE, AAAE A3 g, ATAA BEE 2 A9
FE71%, proteomics G771, RAYERE o3 AW F TR A& olele) TK
2 vector 59 TR AQAE HuE 3

_93_



1. HSV-1 TK-deficient EWolF F &do) 23 HolglE TK-partial (TKP)J)r e BFHA
o= TKnegative (TK)2l 5 FHE 72T £ gtk TKE dAWA, H94, A8A SoA
FEAA 5495 Jehh A, TKP 34 /fAsith & Atel7t Slok

2. HSV-1 TKE HSVe| DNA F4z T3t A 4k 2 BAFEA S uptakeE A 5
k=

3. HSV-19] TKeZ 2 AEAe +2 ATty g3 A% @2 FEAE] do 2 &
Ak, A2 FFH YA ABATAME shdzpAjelch

4 B-FARZ IHA HSV-1 TKE nlolg 2zt 2 A7 THE AR ddEE Ao AAHY
I vpolEs o] i IR AARA o AEel EokdE AT F YA

5. {3t Q= HSV-1 TK SdHolF £ Western Ao ¥ TK §-A42F &g Jehjie
AL cell localization A|BME AA s 2L FUeHTE 22, mRNA TFgA4=
2 o7t 9152 AUF + Ut

6. Recombinant TK ©@¥iZo] A} wPoz TKY A 29 nuclear localization signal
(25RRTALRPRR33, R236-R237, K317-R318)0] §J& AL FAsthe Bt ded], TK
i EHo] A dojue EdWelFY] A 1 FHd M3t e Rel A=

7. HSV-2 TKe AlZdd 2 EAste 222 deizicd, £ A7 A7 2= HSV-1
g AEXAA Yelydth o]= nuclear localization signal #9¢] AqE Y Aoz 2
AS7E sx|gt, Ao AFE3E &) 7F HSV-1 TKol| Eo)&dolr] wjEo) HSV-2¢) thsirs
ez U2 AEE JeEhS 7HsAE wAskA Eai.

8. HSV TKEd &1 HSVE oy &S selshed 273 =72 o4 & ok

9. HSV-1 TK @2 virionoll Tg=ojglon, TKe Ao wd g3} v#ale virionol Zx)
Sh:}

A FEE HSV-1S AE AEE FadA olFL du, olF Fo| #F4Aol
9,1% Holl A upolef z/ﬂ% SHAIRE, upolel A7t A EE AZbe] 2o} wel o
2ok A QAT T FFE 71E A

11 HSV-19) vhe-2 ZdRde FReit E40] Qith &, 2 AFHAA F2 o)gstE 2y
Q) mouse W7, i, HEAAE o] 43 zosterlfonn—: 7t 2ednit} wojej2=9] o] Frf
Folvt 22 QU ARAAN T thEk. F, v diEdde] B9 AR A B8z
Fell A= dorsal root gangliono] ZE7+d i o)t}

12. TK9 3% 29 27l9 54& X3l gz og olFL Eahs A 2t

13 ABAE Wik ol 43 Ad A3} HSV-1 TKEA o] sl FE7AYL dojdeh

4. ARAE WjFs o] 48 A¥Z3 HSV-1 TKF ZoE ol B Yot

=

~

r°"

g 2AF B AFE WY

ohoERAA 2 OuE A4

_94_



o=EAAN A (A EAAE)

Establishment and ﬁsevofwa cell Iih‘e

.. . _ . o 54
Antiviral exprebmng HSV-1 thyr'm.dme kinase to 9 5 Elsevic qEae o
Research |characterize viral thymidine o 129-142
kinase-dependent drug-resistance. =
A1 Ag

Thymidine kinase and thymidylate
. _ ., |kinase activity of the recombinant
S E A E A B8 g _ . N
- i; }.JL (H_E thymidine kinase proteins of|2001d 109 11¢ e
3] FA =03 . . .
drug-resistant herpes simplex virus
type 1
. - o |Study of thymidine kinase using
BT R Z A B ; . . . 3
_Li; }_i\ g_*g._‘ penciclovir-resistant mutants in herpes;2001d 109 11¥ e
3} FASEE . .
simplex virus type 1
) The wvirus replication in the brain
International tissues of the mice infected
Conference on [OSUES . o 200249 39 199 A=
Antiviral Research intranasally with several TK-negative
ar drug-resistant mutants of HSV-1
. Intracellular metabolism of acyclovir
International and deoxythymidine i cell Iture
Conference on yihym m e , N B4 1 c1%| 49 289 uj o
.. system  using HSV-1 and its
Antiviral Research . ) i -
acyclovir-resistant mutant strains
2004 International
Meeting of the Herpes simplex virus and i it 200413 59 13Y gk
MiCrObiOlOgiCal p p ex us an mimuni y al = F
Society of Korea
A: 5 A ¢
3. AT}
1) HSV TK7} mh¢-233 %719 AEo) F881H, ole TK/F AW )3t who
52 71 # 9T, ol TKE A2e A% Y trgeto2 4¢ 4+ 218,

_95_




2) HSV-1 TKd® A2 virionQtell &) 3.

3) HSV-1 TKede MESe] F2 ZA%e %,

4) HSV-1 TK= HSV-19] MEy #EE 3 £ UE £43 =72 o]8°E 4 g8

5) TKe¥Ao] 4% BHAFE HSV-1 TKEQWHo|F9 49 mRNAE FAHo 7 us
{21}, nuclear localization signal 29]¢] o]Atol] 23 AY &=

6) HSV-1 TK= 4t =49 uptakeS FFA|71H, ol uloly
ol @l AL MTo AL EASH 75=

Lo

F2o] Yojux|

4 7le0ld ® d7ZEH 44

7t ZEldxE 2843
HSV TK9] innate immunitye] ti3t d7 TK7} T4 A T2 gABHER o
SCID moused F&3 TK-- niole2Fo] tidk H¥L wrlo) RegadF49 Jan
Balzarini®} 3% A+E <38 Ao}

R
2 dFE F AP LA ABME wrlE FERE 2 ABA AEE
proteomics A7), Hlo|H 2 A 7l T2 oo nelgs AT AL BLY
Ardeltt. HSV-1 TK7F HSV A8A 7428 913 H2& targeto] 7]o] £ AT E 53 2
SR HSVA TKEN A e 243t) TK AshAl g2 A5E Aot TKEAWo|F2
@g3tel HSVHEel R a8y a8 Faste, HSV1 TK#E Gl tah 4aw oz
FRARS e AT, HSV-L TK Eddo]:8 Bguge 458 & Jt =72

e TS ZAME 9ol

o AdEolE oA
H5V-1 TK7} HSV A8 /Mg 93 A2 & targeto]7jo] B d7= =3
3 HSV-1 TKeh 4 & #hgsle] TK A 2ae A&d oﬂﬂcﬂt‘r TKEHAHo| T
B FELET AGHNAATE AL s, HSVde wodwastsy oz
Wate], HSV-1 TKZ ol that Mamdy Zame ospe ZA}o}tﬂ HSV-1 TK &4
oJFE AN S 5T F Uk TR A= SF5HL 2AY o H O

TE T A=} FEEI wholy A AEH a0 et B £AAA Y
@229 Herpesvirus % B} nlo]a] 2 Hxo) ojupx] & 4= gich. wlolaj 2zt
E7) AAW F4 AjFEeA TKe) e dFE o nlolg A9 AW A olo)w

FE 71 Aelw, Aol & Hol e wolgAFe FRE Iy} AT5Y W
FANEE FAE Aol

..96...



W= B5A4

%7]sole? HA AN FRrE A%, AGAt, T1sd =8y F g A F
LA A F5E 5 A= Fde Jlss gug
BsEs =53 AAEF
FA B E M1-0106-00-0102
A Herpes simplex virus type 1 thymidine kinase &% o] vjo]y A&
289 violel 2 FRFFFORZHE ] AFAHTIA AT
AL T8 F 2 Q T
Al F-AF wRHGA 2 1 HaAM A (R A A o] )
AT71# F=stgd T NEHRE (AR E9dTd
FANB(R)
ZH 777+ 2000 '3 89 1Y ~ 200435 9Q 31U (34 4K
F A HE(240,00008  RIIK 0)d4  FA( 240,000)8 4
Ay o] = W FUIH S 550206-xxxxxxx
; g A K, .
AT+ YA 1 " A kA F3AdATE E-mail ckyolee@krict.re kr
T
A/ 25 AT IS 042-860-7412
373 FUHE
y =5 7¢
AT YA 2 N A] E-mail
A
491/ 47 RELES
47 %W |&a%/RA| BTy
A/ HF ‘—?%’C\‘_ | E-mail ckyolee@krict.re.kr
AFARALR | amus AYAT A FAX  |042-861-4246
o (305-600) thAAl FAAT AF 100 gH=3}sted 1y of
BN LR

_97_



W=y Fald

[71€9 M8]

<73 54>

(1)

(2)

)

[8= - o] &&°}]

2

3)

_98_




| A

=
aT

e

["1€==] OO0 @ Digit) (KISTEP ZsjelA] 71&a %M E ST /E F2)

[P1sEo] (s Ag(VE FAN)FY FAAL)

O ARAY O 71A ] I O Adzst- 34 v A58

O 944 O A MESAER O & 5 O sk

O x% Ord-98 O 34 O 71z - 94 O 71&
71ee F478] (Wlg Aeg(vE ZA)S] FHAL)

O A1A F70 v AFANE O 7EAFAA O 71&3 304

O 7] & ( )
[Plee £5] (EF Ad(vE ZAVHEZURY

[ 71A1Adw] O F&F4ax O ¥98As O &2ZE9 o

O 7IEA8E7le O Asstzles O EFHE A4 5 dFAN=20=

O AELdAYIE O 3347 O 7] =5 ( )

W AN RRagrles 3ddh

1

Az +9 . %749 | 24w dA | 52Ws
AR Dol Bel, AgASh 94, AFYLL Y, w3k 5L Mzt 1)
YELGA A E 29, 3, 8 5% Adsy 74

_99_




EE Lk D% 0O%% | #47ss 29|
O &#gel4 REEERE 0 53449
o1 :
O 324 0 71K )
o8 28277 a4 e 48] 441 7] dE
R
Aen
* ZlsoldA] AR 1 V1Eolde A ARIENARKES Au) 2 Au), ARV ZE 5)E Ve

ARSI  VlEE R HEAR] AFo) Hx2 Ao A= AIZIE 1A

W 7= LA 2 FF

[Pl=el 2HEE] (1717 A" (V3 EA() 3t F4JAI2)

A%
SA sl w

O 71%, SAQ7AA - EF455 8l ad A 492 A J1EA P4 |

: ol A

@ S8ATA : 154 A 4%, AAA A58 AsAd A5 5 APAA

@A AL GA : Prototypel A=A, Pilot Plant Test 52 &l ©A

@ 7143 SuaA - 73kl Fed il JE 2 2 Tl E SRk g

® 4E3t gsaA

152 FYHFI] (17478 A= (Ve FA[)3tod FAIAI2)
v | O 71eid AY) 0 Z1se] 2A4A e e 9A

®
X
1y
L]
%
2
N
X
Y
N

1o
N,
wy | o
= | ¥
i
4l
2
2
2
gL
oo
n
=l
32
fr
&
B

@ 71E48 A7) NENET L AR AT FEHD QT

©® 71EAE A571: dA=ALolol A gt &l o
7= @A

—_

dolur, 71eo FE357t =

® 71EAE A7) MARIN NET0 2 S| aolde] BHEA oI, AAZGI=
2] 7Bk A, Aol ol A9} 77t B sl

7l&

(PI=2d YU JIEFTE] (1717 (V2 BA|) 3t ZAIA2)

O A=x71ES] 2 : olp] oA WLE 7]&9) EA, reverse Eng.

v @ ALY A8 - F4EA  SUWAGTEG E40) A5 487
® A=A59) AM - AFDA : Aol e A7)

@ A71E A -wuaA) - g Hae oy

- 100 -




W= 720 BEsd 272 gRAQAL AREd A%
[ 71&e78]
1%
ey OawAg A8 Odvie s Oawie 8
71=hs

E-mail

A+ A= \

- 101 -



	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079
	00000080
	00000081
	00000082
	00000083
	00000084
	00000085
	00000086
	00000087
	00000088
	00000089
	00000090
	00000091
	00000092
	00000093
	00000094
	00000095
	00000096
	00000097
	00000098
	00000099
	00000100
	00000101
	00000102
	00000103
	00000104
	00000105
	00000106
	00000107
	00000108
	00000109
	00000110
	00000111
	00000112
	00000113
	00000114
	00000115
	00000116
	00000117

