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U ALRZA T A LA TR (BHV-1) EYYEIL Y < 1281 2 FERREO—D
Th o, EHV-1 [TIFFRERER, MR RB I ONRER EZ5I S EI L, BB X
OBERY 72 R R = L A H R & W, EHV-1 X7 V7 7 ~ LA T A )L A
RN Ea A NRABOTANATHD, TDOTA N ARAIXESR A
DNA Z G X7 LA TR, T7A FBLO o Ru—FnhbiERREN5,
TANVADNANZIFZ D72 &Y T6 BIBTDEET D, T AL NF X7 BT~
JVRAT AV ADEFEIZ W TR EE 2> T b, ULILIL 74 7 2/ D
SRAET AL NE NI TORFSLICE Y 23— RENT W5, ULLL [T~/
ATANABRTRIFESNTND X 7 E T D, ORF51 X ORF50 & FiA i3 9
ILTWDHDODOEZENCERE L T D, LLATO RacLll 35 X O RacH #k % v /-
AT, ULLLIFEHV-1 O¥EEICB W TCIERATH 5725, ULl OKRBIZL D 7F
— I DINEL D T EMWE SNz, L LZeny s, BHV-1 HEFEIZH T 5 UL1
DBEENTFE AW ENDZ N, £ 2T, AR TIE, EHV-1 UL11 ® 7 A LAY
FEICB T DB b N ED L ) BREFHEH S TV EINEZH LN TLHZ L%
HHIE L7,

%1 B TlE, EHV-1 OMEIRIFEMERE CTdh 5 Abdp & VY, ULLL 2R KABRE X
O C KRB oy KR 2 M PE N D Ge iR (bacterial artificial chromosome,
BAC) AT AIZXVHEEE LTz, ULLL 52 RRARIZEBWNTIE, ORFS0 O 7 I/ i
BLANZ NN L S ICULLL OBt Koz a A i, £z, 4 FHO=a R
VafEla RAZEZR T, 61, BIRAEREME LT, KGR TREZE L 72 BAC
DNA Z A A U722, Y T A N A %155 Z E N TE RN oT-, BACY
A —FiFIRa— R L THGFP ZFEL Lz 2 A, BAFEINTWDN, B
P A NVAPREE S TN Z E RNz, FATAFE CIX UL 124 7 2/
e L CWeZ &, CREmZ RIBEETER Y A VA EMEEL, Mlaic



WAL, WTFIUZEBW TG Y A V2GR0 o7, 7 X
AR ULLL BB 77 A X RZ2E AL, IR E9 bk (RK13-UL11 ##
fa) RN U7z, UL SE R KON RABR, W3 v s RK13-UL1L Al
TITGE 7 A VARG BTz, 230D OFERH 5, EHV-1 Abdp #RIZFW T ULLL
IIMEBIR T TH DL Z BRI,

B2 ETIL, ANV ABREICEIT S ULLL OFE A 522 X 9 & L=, ULLL
IREZSIEIZ W T, BB X OVHIIREIZRTE L T\ e, MifRE ik
GM130, Syntaxin 6 EHFEL T2 &nn, IAVEBIZFAELTND EE
Z BT, RK13-UL1L FIIC B W TS ULLL IZERED REE /R L2 2 &b, ULLL
DJFTEZIFMDO T A NAZ R EIFIARETH D Z ERbro7, ULIL DO NRK
SE7aV L C ORERIC BGFP & @A S 7= & 2 A, N KU EGFP 23@h A L7353 Al2ix
HIFN TORIENRH SN0 o T2, —J, CRUE~OREE CIIZrEs L O0an
VHEBEASDRENHE BN, ZOFERIE, ULLL @ N RKEs SN F7EICEE T
bHDH & AREET 5D, RKI3 Al & RK13-ULLL MR 3515 5 EHV-1 Abdp ¥koD 75
— JERREEZ L L= & 2 A, RKIS-ULIL flid CTIE 77 — 7 BNAEBEICRE WD &
2375 72, RK13-ULL1 Al CHYFE S -7 UL11 582 KRR % RK13 HIIRIC BERE L,
HGEENRE 2 G~ T, TAICK LT, BGMMITRV\DS, EYME D A L A0 &
o, ZORERIT RKI3-ULLL M CTHIE S E7- 2 £ 12 LV ULLL SRR
UL1L MFAE L, ZOFFHIAE 72 ULLL 23 RK13 Ml C ULLL 582 KRB O H5E
RECAZERICIER L2 & & 2 biviz, UL S22 KRG RK13 R 0
BB R CITMNENIC = o RN —F 2R WARERR X VA TR
WEHBEINTZ, ZNbDZEhD, ULILIFALVEBICREL, YA LA
Dx R —7EER I OB VWEREE Z B TnD EEZ BT,

AFHLIZBWT, ULLL &2 =2— K95 ORF51 1% EHV-1 OEEEMIEIZ IS 1T 2 Bl
ICBWCHHEBIGFTHD Z ENRH LM ST, ULIL IO 7 A VA& N
I LTSN AN VIEBICRETH 2 L, £72, ULLL OKHEIFXEHV-1 X7 L
FHT RO R —TEEB IO KREREEL 5252 LR bho
oo TAUHOFEIRIE, EHV-1 JEYYE O HIENC LB A VALY 7 F o7
A VICEBRT S EE 2605,
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Equine herpes virus type 1 (EHV-1) infection is one of the major diseases in horses.
EHV-1 causes a variety of clinical signs including respiratory manifestations,
neurological disorder and abortion in pregnant mares. EHV-1 infection causes direct
and indirect economic losses to the horse industry worldwide. Latency and reactivation
which are frequently occurring after the primary natural infection enhance continuity
and spreading of EHV-1. Moreover, Effective treatment and vaccines are still not
available for EHV-1 infection. Many points in the EHV-1 replication cycle are still not
well-understood. EHV-1 belongs to Varicellovirus genus of the Alphaherpesvirinae.
EHV-1 consists of a nucleocapsid containing double-stranded DNA encoding for 76
genes, tegument layer and the envelope containing glycoproteins. Tegument proteins
play diverse and significant roles during herpesvirus replication. ULI1 is a 74 amino
acids tegument protein of EHV-1 encoded by ORF51. ULII is conserved among
Herpesviridae. A part of ORF51 overlaps with the adjacent ORF50 (UL12). EHV-1
UL11 was previously reported by other researchers to be nonessential for viral
replication in cultured cells using RacL.22 and RacH strains. Besides, deletion of UL11
severely reduced plaque areas of the mutant viruses, in that report. However, the roles of
ULII in EHV-1 biology are still not clear. The aim of the current thesis was to
characterize properties and contribution of EHV-1 UL11 in EHV-1 replication cycle.

In chapter I, the author described the construction of UL11 mutant viruses
including a ULl null mutant and three C-terminal truncated mutants using a
neuropathogenic strain Ab4p based bacterial artificial chromosome (BAC) technology.
The pAb4p ULII null mutant BAC was constructed by two nucleotide substitutions in
ORF51. These substitutions were designed to stop ORF51 translation without affecting
the amino acid sequence of the overlapping part of ORF50 encoding UL12. A pAb4p
ULI11 revertant BAC was also constructed. DNA of each BAC was extracted and

incubated with Gateway LR Clonase enzyme mix to remove the BAC vector sequence.



Transfection was then performed to recover the null mutant and revertant viruses.
However, none of the transfections using pAb4p UL11 null mutant BAC DNA were
successful at generating an infectious virus either in rabbit kidney (RK13) or fetal horse
kidney (FHK-Tcl3.1) cells; on the other side, all transfection experiments using pAb4p
ULII revertant BAC DNA produced infectious viruses. In order to confirm that the
transfection of the null mutant BAC DNA was successful, transfection of BAC DNAs
was performed without prior LR Clonase enzyme mix. In this experiment, the BAC
vector sequence containing the enhanced green fluorescence protein (EGFP) gene was
retained and the EGFP fluorescence could be used as a marker for the successful
transfection. EGFP fluorescence was surely observed in both transfections in
FHK-Tcl3.1 cells nd RK13. A Cytopathic effect (CPE) was also apparent in FHK-Tcl3.1
and RK13 cells transfected with parental and revertant BACs, as indicated by the
excessive EGFP expression and widespread cell destruction. On the other hand, null
mutant BAC DNAs transfected cells showed EGFP fluorescence by single cells
overtime and no CPE, indicating that no infectious virus was generated by transfection
with null mutant BAC DNA. These results suggested that ORF51 is essential for
generating infectious EHV-1 in cultured cells. UL11 of the RacL.22 and RacH strains of
EHV-1 was reported to be nonessential by other researchers, who constructed a UL11
deletion mutant virus by inserting a LacZ cassette into ORF51, leaving only the
sequence encoding amino acids 1 to 24 of UL11. Therefore, the author examined the
possibility that a mutant DNA possessing the sequence encoding the 24 amino acids of
Ab4p UL11 would yield progeny virus. The author constructed Ab4p UL11-truncated
mutant BACs which kept sequences encoding for the first 10, 17, and 24 amino acids of
UL11 by changing the 11th, 18th and 25th codons, respectively, to stop codons. Each of
the BAC DNAs was introduced into FHK-Tcl3.1 and RK13 cells by transfection.
Successful transfection was confirmed. No CPE appeared in each of truncated mutant
DNA transfected cells. Furthermore, neither CPE nor EGFP fluorescence was observed
after inoculation of the transfected cells and its supernatant into fresh cells. These data
indicated that the first 10, 17 or 24 amino acids of ULI1 are not enough to express its
function in viral replication. In order to generate the mutant viruses, RK13 cell line
constitutively expressing EHV1 UL11 was established (RK13-UL11 cells). Transfection
of UL11 null and truncation mutant BAC DNAs into these cells produced CPE and
generated mutant viruses. These viruses were propagated and titrated in the
constitutively expressing cells. In conclusion, the present results imply that UL11 plays

an essential role in the virus replication cycle.



In Chapter II, the author performed experiments to understand the role of UL11 in
viral replication. At first, several indirect immunofluorescence antibody assays were
performed to localize UL11 in cultured cells. ULI1 was always localized in the
cytoplasm, concentrated close to the nucleus, in sites revealed to be the Golgi apparatus,
as inferred from the co-localization between UL11 and the Golgi proteins, GM130 and
Syntaxin 6 in Ab4p infected RK13 and FHK Tcl3.1 cells. The same localization of
UL11 was observed in non-infected RK13-UL11 cells, indicating that UL11 alone could
be targeted and localized to Golgi apparatus without other viral proteins. Transient
expression of ORF 51 encoding UL11 fused to either EGFP-N1 or EGFP-C1 plasmids
indicated that exposed N-terminus glycine of ULI11 is required for its localization.
Second, the author compared the plaque sizes formed by the UL11 null mutant, parent
and revertant viruses using both RK13 and RK13-UL11 cells. Results showed that null
mutant virus-induced plaques were not visible in RK13 cells, while they were very clear
in RK13-ULI11 cells. In addition, plaques formed by parent and revertant viruses were
considerably larger in RK13-UL11 cells compared to RK13 cells, implying a possible
role of UL11 in the cell to cell spreading ability of the virus. Third, the author examined
the replication kinetics of the UL11 null mutant virus in RK13 cells. Unexpectedly,
progeny viruses were detected. As the null mutant virus was, by necessity, prepared
using RK13-ULI11 cells, then, compensation for ULII is proposed to be mediated
through the tegument associated UL11 which was acquired by the mutant virus from the
complementary cells. Finally, electron microscopy showed gathering of tegument
associated nucleocapsids in the cytoplasm without gaining the viral envelope in UL11
null mutant virus infected RK13 cells. In conclusion, UL11 constantly localize to Golgi,

at which it plays essential role in virion envelopment and maturation.

In the present thesis, the author showed evidences that ORF51 encoding UL11 is
essential for EHV-1 replication in cultured cells, demonstrated that UL11 is localized to
Golgi apparatus in cells without other viral proteins, and that the he lack of ULI1
drastically affects cytoplasmic envelopment and maturation of EHV-1 nucleocapsids.
These findings could provide new insights for identifying novel antiviral targets and/or
different vaccine design strategies that can be used to improve the current approaches
for the control of EHV-1 infection.



