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=Abstract=

Expressioh and Purification of Herpes Simplex Virus Typerl Protease

Pan Kee Bae, Jin Wook Paeng, Jee Hyun Kim, Hae Soo Kim,
Sang-Gi Paik', In Kwon Chung’ and Chong-Kyo Lee*

Pharmaceutical Screening Center, Korea Research Institute of Chemical Technology,
Taejon 305-600, Department of Biology, Chungnam National University, Taejon’,
Department of Biology, Yonsei University, SeouF, Korea

An attractive target for anti-herpes chemotherapy is the herpes simplex virus 1 (HSV-1) protease
encoded by the UL26 gene. HSV-1 protease is essential for DNA packaging and virus maturation.
To perform high throughput for potent inhibitors, the efficient production of larger amounts of
highly purified enzyme and protease activity assay method must be established. In this report,
expression in E. coli and purification of the protease gene of HSV-1 strain F was investigated.
The protease gene was cloned pET28, and the nucleotide sequence of protease catalytic domain
of HSV-1 compared strain F with other strains (KOS and CL101). In these results the F strain
was different in base sequence. However, the amino acid sequence was identifical. The HSV-1
protease was purified with His-tagged affinity column. The analysis of HSV-1 protease activity
was performed by high performance liquid chromatography.
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Herpes simplex virus type 1 (HSV-1)2 human
herpesvirus®] sjlito] ], 2 150 kb # 9] o] &7}
g2 2 Hof e A4TEE 713 DNAnto|g
22X G+C ¥ =7} o 70% B Eo|t} [17]. HSV
£ ERF A, 0¥l FLs 24 & 47
Yo o) Fen AEAUE ol & Aoz
A elA AT 210, FEADE vholgae 2
E2U UV EE O 23 T o3 840l
ok A& ARl Aol Lojurt (1,

A4 119999 99 69

24]. HSV-12 933, 49g 5o AW oy
ot A&AQ FEFAR A F3A] &S 39S 70%
o]3e] & AlgEo] ¢HA HYEE o=
3t} AA7A herpesvirus X BA 2 A tg o3
ol YAk FEAEEAN I ANZe FEE Y
EhA] %3tn 843 A3 AR F wlolyd &
o fA F9-& A} [6,7,11). 13 o] E
O AeAvteRE S N2aNE /A &+
f171l & herpes 3}t 2 A ] M2 X BA R
protease A 3 A 7] &o] #A-E Z 1 Ut} Herpes-
virus¥ viral capsid assembly 2} maturationo]] o]
3} serine protease [13,15] /A2 712 1 ¢t}
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[8,14,27]. HSV-1 protease (UL26)+= intermediate cap-
sideol] A} LA Q3L viral particle ¥ AJ 7} o] 4]
assembly ©¥}-d ICP35 (UL26.5)¢} protease A}
A ©iAd s}EE 7 dojdt} [8,14,22,26).
UL26 fAZE F /19 Z2REE 7HA 1 &
tl, 3y 63570 olnlxAte F=d T Qe o
A UL26 A4Eo]l3, & shte UL26.5 53
7o) TR REZA 3297) olv|x=Ag FTsm
or] ICP358 AJAHET) [4,15,18,20]. ICP35:

UL269] C-&et ofu] At A3} 5U3tT prote-

asee] 712N o] $5o} A5 [1417], HSV-1 2]
o DNA7} 37| ¢S B capside] B2 oo
EA 22 [21,25] bacteriophage®] scaffolding
proteind} FAG H &L e Aoz A Yo}
[9]. HSV-1 proteaset= release site (R site, Ala®"/Ser’®)
©} maturation site (M site, Ala®"/Ser®")e] Mt
A7F e AT 2A F@H o A [5,23). Pro-
teasec]] 2]8] R site7} WG ojA W A7 =K
B protease catalytic domaino] ¥ [12], M
site’s. s o] AT ZHE C-2ee) 257 of
Al dbo] A AR [5,14]. HSV-10] A Z o 7]
T e HA|S oA o B capsido] DNA packa-
gingol] 3t} =, proteaser= DNA packaging 7}
virus maturation®] o g} [8,16,19].

E AT A= HSV-1 protease & 223l
7IEE& AFFARL E, colidf A DA A
& €8 FANAT BAAHAN 528 71
I BFAA FFFAA gAY FAE v
Az B2 7146 AY FHEE 24317
o o] & BxétuAl ghe}.

Mz %
1. ZBfA0|E, Mg, gio|2{a

HSV-1 protease®] @2 943} pET 28(a) (No-
vagen)E ©] 83U AZYPE EYAv|=F E
coli BL219j| 4}9]3te] FAMSAA hgd g ot
A At} vho] 2l 2% ATCCOA F straing 7<)
oo o g3t o.

2. Hjol2{~ Rt 22

VeroA ¥ o] ulo] 2] A& 5 MOL/celE H 231
W] g thg 80%2] M E7} cytopathic effect (CPE)
& UEhdS o AE g & 353 o 39
ARG = AXE A=A T A EsQ).

ATETE 33t O] 12,000 pmo g 2 A
¢ AR A€ upolHAE 500 ple
lysis buffer (0.5% SDS, 9 mM EDTA, 10 mM Tris
- HCL, pH 7.5)9] RHAIZ. 37ColA & A1
uj ¥t S, g ¥ phenols, = ¥ phenol/chloro-
form© 2, 3 ¥ chloroform©.2 §AAS 323
F AgE JAYP ez FAARE Iy} #4
A& 50 ple] TE (10 mM Tris - HCL pH 7.5, 1 mM
EDTA)¥ o] B/A|7] F 4T B c)

3. Protease R XXl 22yl

HSV-1 strain F §A =04 UL26E PCRZ
Z2437] 93 HSV-1 KOS strain [3]& =% o
239 F 79 primerE Attt Zzte
primer+= Eco RI site$} Not I site7} 91T DNA
G718 & ZA387) Y3l 3 /1<) primerE A7}
3t vl B2l g vlolg] & §A RS protease §-74
A& pET 28(a)dll 2233171 998 PCR system
(Deltacycler™ system, EricompA})g o] &3} =
3. 5% 9 protease FHAIe} Epame
& A & Eco RIF} Not 108 A3l liga-
tiondt] Az Y FHAr| =g FEQUL. o] & o
Al E. coli BL219] 4}}3te] B3R ARAA T o)
g #9317 Y8 S An = DNAS 23y
agarose gelol 4] &< 3151 o).

4, DNA H7|Md X

[°S]-dATPL} silver 4% (Promega)E ©) &3t
dideoxy*§ [23]2 ©]&-3}%t}. HSV-1 strain KOSE
FH o2 % sequencing primerE o] gl AR
g Egav=d 4718 S 2, A7)
9 EL 6% urea/PGAE (polyacrylamide gel elec-
trophoresis)Z o]-§-3}91 t}.

5. Protease2| &t&at Ha2| XA

AZF FeAv =8 71X 1 ¥ E. oli BL21
g WidFsta LEAA EHAFARAT. AEE
30 pg/ml Kanamycino] £©] 91+ Luria-Bertani Hlj
A oA 37T A W] FEHA L 600 nmol| A 2] F B
% 03~04 ¥ 0.1 mM IPTG (Isopropyl-1-thio-
B-D-galacto-pyranoside)Z 3 7}3}e} protease U@
FESH T 30CAA 3 A1t Bt g &
NA-E ¥ AT B8 AP L2 4TAA 53
st M Fd A EE QAR F JAES
2592 E35e His-Tagged affinity chromato-
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graphy £ protease S 2] F A3tk F A H o)A
gL gelslr] 93 sodium dodecyl sulfate
(SDS)/PAGE, Western blot2- 319 11, ©ea 3 g
+ spectrophometer 2 Aosy/Acso H]- &2 27 3lo] B
Fct.
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Figure 1. Construction of pET28-protease recombinant plasmid, pET28-FPro.
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*

F 1 : ATGGCAGCCGATGCCCCGGGAGACCGGATGGAGGAGCCCCTGCCAGACAGGGCCGTGCCC
CL101 1 : ATGGCAGCCGATGCCCCGGGAGACCGGATGGAGGAGCCCCTGCCCGACAGGGCCGTGCCE
KOS 1 : ATGGCAGCCGATGCCCCGGGAGACCGGATGGAGGAGCCCCTGCCAGACAGGGCCGTGCCC
*
F 61 : ATTTACGTGGCTGGGTTTTTGGCCCTGTATGACAGCGGGGACTCGGGTGAGTTGGCATTG
CL101 61 : ATTTACGTGGCTGGGTTTTTGGCCCTGTATGACAGCGGGGACTCGGGCGAGTTGGCATTG
KOS 61 : ATTTACGTGGCTGGGTTTTTGGCCCTGTATGACAGCGGGGACTCGGGCGAGTTGGCATTG
*
F 121 : GATCCGGATACGGTGCGTGCGGCCCTGCCTCCGGATAACCCACTCCCGATTAACGTGGAC
CL101 121 : GATCCGGATACGGTGCGGGCGGCCCTGCCTCCGGATAACCCACTCCCGATTAACGTGGAC
KOS 121 : GATCCGGATACGGTGCGGGCGGCCCTGCCTCCGGATAACCCACTCCCGATTAACGTGGAC
F 181 : CACCGCGCTGGCTGCGAGGTGGGGCGGETGCTEGCCGTGGETCGACGACCCCCGCGGEECE
CL101 181 : CACCGCGCTGGCTGCGAGGTGGGGCGGETGCTGGCCGTGGTCGACGACCCCCGCGGGCCE
KOS 181 : CACCGCGCTGGCTGCGAGGTGGGGCGGETGCTGGCCGTEGTCGACGACCCCOGCGGECCG
* *
F 241 : TTTTTTGTGGGACTGATCGCCTGCGTGCAACTGGAGCGCGTCCTCGAGACGECCGCCAGT
CL101 241 : TTTTTTGTGGGGCTGATCGCCTGCGTGCAGCTGGAGCGCGTCCTCGAGACGGCCGCCAGE
KOS 241 : TTTTTTGTGGGACTGATCGCCTGCGTGCAACTGGAGCGCGTCCTCGAGACGGCCGCCAGE
F 301 : GCTGCGATTTTCGAGCGCCGCGGGCCGCOGCTCTCCCGGGAGGAGCGCCTGTIGTACCTG
CL101 301 : GCTGCGATTTTCGAGCGCCGCGGGCCGCCGCTCTCOCGEGAGGAGCGCCTGTTGTACCTG
KOS 301 : GCTGCGATTTTCGAGCGCCGCGGGCCGCCGCTCTCCCGGGAGGAGCGCCTGTTGTACCTG
F 361 : ATCACCAACTACCTGCCCTCGGTCTCCCTGGCCACAAAACGCCTGGGGEGCGAGGCOGCAC
CL101 361 : ATCACCAACTACCTGCCCTCGGTCTCCCTGGCCACAAAACGCCTGGGGGGCGAGGCGCAC
KOS 361 : ATCACCAACTACCTGCCCTCGGTCTCCCTGGCCACAAAACGCCTGGGGGGCGAGGCGCAC
* *
F 421 : CCCGATCGCACGCTGTTCGCGCACGTOGCGCTGTGCGCGATCGGGCGECGCCTCGGCACT
CL101 421 : CCCGATCGCACGCTGTTCGCGCACGTCGCGCTGTGCGCGATCGGGCGGCGCOTCGGCACT
KOS 421 : CCCGATCGCACGCTGTTCGCGCACGTAGCGCTGTGCGCGATCGGGCGACGCCTTGGCACT
*
F 481 : ATCGTCACCTACGACACCGGTCTCGACGCCGCCATCGCGCCCTTTCGCCACCTGTCGCCG
CL101 481 : ATCGTCACCTACGACACCGGTCTCGACGCCGCCATCGCGCCCTTTCGCCACCTATOGOCE
KOS 481 : ATCGTTACCTACGACACCGGTCTCGACGCCGCCATCGCGCCCTTTCGCCACCTGTCGOCG
* *

F 541 : GCGTCTCGCGAGGGGGCGCGGCGACTGGCCECCGAGGCCGAGCTCGCGCTGTCCGGACGE
CL101 541 : GCGTCTCGCGAGGGGGCGCGGCGACTGGCCGCCGAGGCCGAGCTCGOGOTETCCGGROGE
KOS 541 : GCGTCTCGCGAGGGGGCGCGGCGACTGECCGCCGAGGCCGAGCTCGCGCTATCCGGACGE
F 601 : ACCTGGGCGCCCGGCGTGGAGGCGCTGACCCACACGCTGCTTTCCACCGCCGTTAACAAC
CL101 601 : ACCTGGGCGCCCGGCGTGGAGGCGCTGACCCACACGCTGCTTTCCACCGCOGTTAACAAC
KOS 601 : ACCTGGGCGCCCGGCGTGGAGGCGCTGACCCACACGCTGCTTTCCACCGCCGTTAACAAC
F 661 : ATGATGCTGCGGGACCGCTGGAGCCTGETGGCCGAGCGGCGECGGCAGGCCGGGATCGCC
CL101 661 : ATGATGCTGCGGGACCGCTGGAGCCTGGTGGCCGAGCGGCEGCGECAGGCCGGEATCGOR
KOS 661 : ATGATGCTGCGGGACCGCTGGAGCCTGETGGCCGAGCGGCGECGECAGGCCGEGATCRCE
F 721 : GGACACACCTACCTCCAGGCG

CL101 721 : GGACACACCTACCTCCAGGCG

KOS 721 : GGACACACCTACCTCCAGGCG

Figure 2. Analysis of nucleotide sequence of protease catalytic domain of HSV-1. Different nucleotide sequence
among the three strains of HSV-1 is shown (*).
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AFSIR 3 42 R g & AF o] Ao Y
33 ©]E Enzyme-linked immunosorbent as-
say& o] &3] FQUSIH 3 0] & BEF38l 70T
o B3

7. Protease &4 &X

Protease®] =& =3 37] 93 RsiteE F
3l oligopeptide (M-2160, BachemAN)E o] &3]
1, 20% acetic acidol] 1 mg/mlo] HEE %9 &
B3] 20TAN BRAAT} AP &
29 84 232 98 712 229 5 uls} assay
buffer (50 mM Tricine, 10 mM DTT, 1 mg/ml BSA,
1.25 M Na;SO4) & 41-& F protease 10 plE A 7}3}
o 30CoA 1 A7t Bt ¥HEAF] 1 10% TFA
50 WE AHrbste ¥g-& AAA T2 AAE2 5
A [28]. ME L Intersil ODS AH-& o) &3]
High performance liquid chromatography (HPLC)
(class-VP series, Shimadzu)’do| A A etxqth 2
A A3 F TFY 0154 14319 B o]
el T 5% AFetel 30 B EX B %
=7} 75%2 @A Fobske REAAE ol &3
o B4t 3L 220 nmol A 7 &3t}

70KDa —»| ¢

42.8 KDa—p|

32.6 KDa—p|

o]/ A: 2.81 g NaClOs - H2O + 2 mi HsPO4
in 2000 ml H,O
B: 2.81 g NaClO, - H;0 + 2 ml H;POq
in 800 ml H2O + 1200 ml ACN

2
1. HSV-1 UL262| 22l

HSV-1 strain F -5 Aol A] protease®] catalytic
regionS 29317 ¢3l, WA Eco RIF} Not 1
siteE 7FA =5 PCRE o] &3l FE39. &
Z 50| {A A<} pET-28(a)E Eco RIF} Not 12
2 YOtk F2Y FARE pET280)e) AT
93 | S PET28FPoZ BHSRT (Figue 1)
pET28-FPro& E. colidl X @A 717] $3) BL21&
FARBAAT o/ & Helshs] A8 BLAL W
Feted Eetxn| =g #2l8le 0.8% agarose get
A FAstAch

2 A7|MY 24

HSV-1 F protease G7]AE &AL 93td
pET28-FPro Z&}~u|= DNAS 7| XY < dide

Figure 3. SDS-PAGE and Western blot analysis of HSV-1 protease. A) coomassie brillant blue staing of
SDS-PAGE, B) the Western blot. Lanes M, molecular weight standards; 1, uninduced crude supernatant from

lysed cells; 2, induced crude supernatant from lysed cells; 3, uninduced eluate from His-tagged column; 4, induced
eluate from His-tagged column.
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Figure 4. Peptide cleavage assay of the HSV-1
protease. The peptide HTYLQASEKFKMWG-amide
was incubated with enzyme for 60 min as described
under "Materials and Methods", and cleavage pro-
ducts were analyzed by HPLC. Panel A is the anal-
ysis of control sample. The retention time of substrate
was 25 min; Panel B is the analysis of the sample
in which substrate and enzyme were incubated to-
gether. The Products are SEKFKMWG-amide and
HTYLQAAA whose the retention time was 19 min
and 21 min, respectively.

oxy o2 ZAAF i strain KOS strain
CL1013} ¥) @8t o} (Figure 2). % 741708} 7]
AE-g AAsg =, strain KOSE 5 7Rl g7
W 3}7} 91913, strain CL101E 67] 9] Q7] &7}
AR U SRR ofm| =it XA ) WS Yol
2] efsket.

3. HSV-1 protease &2 % M|

pET28-FPro& 71X 32 Q1= E. coli BL21E H| <}
33 0.1 mM IPTGE {32 2&E-L 3004 3
At =89k <F 32 kDa 3 X E & histidine-
tagged protease fusion protein< soluble fraction®i]
A A%, inclusion bodyoll A& v}k AJAkeE &
Q& 4= 319t} Soluble fraction?] fusion proteing-
12.5% SDS-PAGEY| A &3 A5} 3} protease TF
7}FAE o]83to] Western blot 2402 &<l3
A& Figure 3A%} 3Bl Z+z} ®A]31%9t}. Soluble

fraction- His-tagged columng ©|-8-3}c] affinity
chromatography 2 3| 7%, IPTGE FU7}HA
%3 4P L A& " SDS-PAGES} Western
blotol] A proteaseS Aol Q& 57t AN,
0.1 mM IPTGS H7lste] ZAAAE e & 7
9] F31% band9] proteaseE AT F UUTH
Inclusion bodyol & B8 B ofe] duido] 4
A& FANFAT (BHAA &3, EHBA
o A2 W&ol A =etA] Fyrh

4. Protease 84 &4

HSV-1 proteasex= 7] 2 9] alanine-serine bondE
EolZ o2 A3} Protease A SH o o] &
% protease 7] (BachemAl)& R sitee] ofn]iAt
Aast %25tk HTYLQASEKFKMWG-amide. ©]
& proteaseol] 2]8 HTYLQAS} SEKFKMWGE
5 709 peptide® 7t-Eais o] Ao, B BA
9 protease?] 7] Fo) g GHAEE S 3] 9
#7133 g BN F HPLCA A $A
At (Figure 4). B2 5 ¥X & g Qgxe
7149 E371 doluvAl &dn 1AL W7 E
Al7F 25 Bolx AZ¥E A} (Figure 4A). HSV-1
protease®] 7tEE o ol&] A peptidew 21
3 19 Bl AEH A (Figure 4B). ¥H3- Y
o] 1.25 M sodium sulfate & 2 7}3 A3} HA73HA
%L A% 1A Bl dolA zolst AN
Sodium sulfate7} A7H= A G A9 71AREHE
29T F QAT AHAA 43 " A
$ 7140} 7k iE) Hol F & B 4 Uk

ol }

It

HSV-1 strain F)| A protease 242 7} 3 Y&
catalytic regions PCRYY-S o] &3le] F2& 3
th. UL269]A] catalytic domain-& 741 7] ¥ 7]°]3t
247 7)) opw|iito 2 FAH o] Uth [22]. KOSS}
CL1017} G71MBE viwd 23} KOSsh= 5 7,
CL101%}= 6 Ao Gr71¥syt AT 24d
9] 3z} T2 E AR sHE opv At ME & W)
NeL FAFPE FE7F vjws} B protease
homology~s} 4333 & REHo] 90| Z dEAH
21t}. Protease?] ¥2] A& $]d)A His-Tagged
AAE o] & + Y& pET-28& A& th 0.1
mM IPTG inductions E3) soluble fraction-S o]
A] His-Tagged affinity chromatography system2- ©|
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43la] IH AAAP oz shte W=z By
& 4 d9th o]& SDS-PAGES} Western blot
B3 22U & U} Inclusion bodyol| & &
A Ee o did S 2T 5 JUA T &
BAHE F EGAHE 529 83 3
o] H33t7] W&o ol &3tA] gttt UutE o
2 IPTG7} A7t A -8 9= vk ol A} pro-
tease F-HA7F 2FH FPHL FAF 5 A
o (BAAA <. & dAZ B2 A O
ol B4E AEE #UT 5 JYe, 542 &
A 23S A% 71A L Rsites} 5Y & opnj -t
A& 71X 1 Y+ oligopeptide S F-vlj o] Al-&
sttt 714 9] on] 4k Q& HTYLQASEKFK-
MWG-amide 2 4] proteaseo]] 2]&] serineZ} alanine
o] Aes o] 2 7fo] RMelol= 2 iR ETt. 7
A NFEAPEE FA 7] 98 HPLCE o]
&3ttt RaE A e 71 L 25 Bolx] A
23R kRl F Helol =g 24z} 19 B3t
21 BolM AEHUT OhA] T HTYLQAE 19
X AEH U3, SEKFKMWGE 21 oA 7
ZHA eto|= Expgtd o3 B)st o] F
AR B R HA Fejsoizl Ae] 6 A ofn| Ao
2 o] Fol 4HEol1 Yo EHRN AL
7 opr|=dbelh x|t 7)1 A Q) SRS s} 5
€ %] HojA HPLCEAA] 7 Z8l7] 71 ol gt}
ZtrEdE e AR FE F7HA7)17] 944 so-
dium sulfate & 3 718G A ¢ Ar)elx] e AS
Hot 7t He o] 27 FUHEAY] e
o ¥ g4 S 2Hsrde et 54
Zo] ¥4 @& Rog &2 HSV-1 protease
o & AalA gL AN e F o Fald &
AE AT ¢ e 21L BYstojoli. &
EYE AV 2L AW A4S QA=
Aol B AFdA BAHA7|) dx) B FA
€ fusion Tl F oA oW T ARE A ©
OE 23 9EQ pGX ZFatAn| =] A Ho]
LA E protease?| ¥4 =4 2 kg z7 9] thd
32 A=sta Sl o] AHYo) yFHow B

¥ Azt H]go] Bol 225 HPLC ¥4y
o ety d3Fes A4 £ gl Wi
o843 F & VAL HHdE Aol gozg
Exo|r}.

ZAte 2

£ AFe ey AN 2%
WIS dgo 19989 % £9441¢d9) CH
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