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Abstract: The prospect of live vaccines consisting of genetically modified vaccinia virus
expressing foreign genes is exciting, but important issues concerning safety and efficacy need
to resolved. Vaccinia virus (VV) is an efficient expression vector with broad host range
infectivity and large DNA capacity. This vector has been particularly useful for identifying
target antigens for humoral and cell-mediated immunity.

The WHO smallpox eradication program, involving the extensive use of VV vaccines,
resulted in the late 1970s in the elimination of onz of the world’s most feared diseases. This
achievement is a triumph for preventive medicine and for international collaboration in publie
health. In 1980, WHO recommended that the routine use of smallpox vaccine should be
stopped. Against this background, the prospect of live vaccines consisting of genetically modified
VV expressing foreign antigens arising from the work of Moss, and Paoletti and their colleagues
in 1982 has been greeted with enthusiasm. These investigators have shown that genes coding
for immunogenic proteins can be inserted into VV DNA without impairing the ability of the
virus to grow in cell culture. Moreover experimental animals infected with VV recombinanis
containing genes coding for a variety of immunizing proteins have been shown to be protected
against challenge infection with the corresponding infectious agent.

In this communication, I describe current progress in the construction of a novel plasmid

vector that facilitate the insertion and expression of foreign genes in VV as well as the

selection of recombinants.
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Fig 1. Outline. of replication cycle of vaccinia virus.
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Fig 2. Construction of VV recombinant. The DNA sequence coding for the foreign gene is inserted
into a plasmid vector downstream of a VV promoter and flanked by vaccinia TK sequences.
The resultant recombination vector is introduced into cells infected with VV to generate a
TK-recombinant virus which expresses the foreign gene.
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Fig 3. Construction and selection of VV
recombinants.
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& AR A A2 FURFAAE 4T FUY
vector vaccined HEFE A FQd M2 FHo o
F FES el FodE F A E AL FF
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Table 1. Proteins expressed by recombinant vaccinia viruses

Cell location or

Origin Protein Glycosylation Cleavage biological activity
DNA Viruses
Epstein-Barr Membrane antigen + Signal® Cell surface
(gp 340)
Hepatitis B Surface antigen + Secreted particle
(S, MS, LS)
Herpes simplex 1 Glycoprotein D + Signal Cell surface
Thymidine kinase Active enzyme
RNA Viruses
Friend murine leukemia  Envelope protein + Signal, subunit Basolateral cell surface
Human immunodeficiency Envelope protein + Signal, subunit  Cell surface
(HTLY-III, LAV)
Influenza A Hemagglutinin + Signal Apical cell surface
Nucleoprotein Internal
Rabies Glycoprotein + Signal Cell surface
Respirstory syncytial Glycoprotein + Cell surface
Fusion protein + Signal, subunit Cell surface
Sindbis Structural proteins + Signal, polyprotein Cell surface, virion
(C,E1,E2)
Transmissible Spike protein, + Signal
gastroenteritis (gp195)
Vesicular stomatitis Glycoprotein + Signal Basolateral cell surface
Nucleoprotein Internal
Protozoa
P knowlest Circumsporozoite Internal
P falciparum Circumsporozoite Internal
S antigen Signal Secreted
Bacteria
E coli B-galactosidase Active enzyme
Chloramphenicol Active enzyme
acetyltransferase
Mammalian
Human Factor IX? + Signal, precursor  Secreted, coagulant
Interleukin 2 + Signal Secreted, lymphokine
Preproenkephalin Signal, precursor Secreted
Bovine r—interferon Signal Secreted, antiviral

b Evidence for y-carboxylation.

A 249 F 9E Aol

A VVE t7) vaccined) & o] 24 &, Chakrabarti
E19] co-expression vectorZ 7% plasmid vector
olt}. Z, 11K daltonzt# A2 DNA promoter(pll)
5o p-galfrA S BEEEls, pr.53HFel JH£3
AL A E 4 JE sma lsited 2 TZEE o

-
At HebA pogalf AL Aol AT JARA

a Cleavage of signal peptide assumed because of translocation.

A9te] 27F A4 vector7k & Alelvh. zEv = 1H
BozAe pgal§AAE A8 marker2A o] L35
w Eol et o7t vaccineol stz & 4 gt T
1} g-galg M3 g+ RVVE =98 552 o]
p-galel A& FAE A Q7] AEel virusF 4 o
AA =7 FUAA A ez chEFe] ) FLA A
T REEE] AP Aojztzm w3 glof
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Table 2. Immune response to vaccinia vectors and disease protection

Infectious agent

Protein expressed Antibody response

T-cell response Protection.

DNA Viruses

Epstein-Barr
(gp 340)

Surface antigens
(pre-S and S)

Hepatitis B

Herpes simplex I  Glycoprotein D

RNA Viruses

Friend murine Envelope
leukemia
Influenza A Hemagglutinin
(HA)
Nucleoprotein
Rabies Glycoprotein
Respiratory Glycoprotein
syncytial
Fusion
Sindbis Structural
(C,E1,E2)
Transmissible Spike (gp 195)
gastroenteritis

Vesicular stomatitis Glycoprotein

Nucleoprotcin

Protozoan

P knowlesi Circumsporozoite

antigen

P falciparum Circumsporozoite

antigen

Blood stage
secretory
(S)antigen

Membrance antigen Neutralizing(rabbit)

anti-S and pre-S
(rabbit), priming
(chimpanzee)

Hepatitis(chimpanzee)

Neutralizing(mouse, Proliferative(mouse), Lethal and latent

rabbit, cow) CTL target(Chuman) infections(mouse)
Priming, neutraliz- Proliferative, CTL Leukemia(mouse)
ing(mouse) priming (mouse)
Anti-HA, Type specific: CTL Lower respiratory
neutralizing . priming, target infection Chamster,
(hamster, mouse)  (mouse) mouse)

Lethal infection
(partial)

Cross-reactive:
priming, target
(mouse, man)

Neutralizing(mou-

CTL priming(mouse) Encephalitis(mouse,
se, rabbit, fox)

rabbit, fox)

Neutralizing(cotton Lower respiratory

rat) infection(cotton rat)
Neutralizing(cotton Lower respiratory

rat) infection(cotton rat)
Neutralizing(cow)
Neutralizing(mouse)
Neutralizing Type specific: CTL  Lingual infection(cow)

(mouse, cow) priming, target

(mouse)

Cross-reactive; CTL
priming, target
(mouse)

Anti-N(mouse,
man)

Anti-sporozoite
(rabbit, mouse)

Anti-sporozoite
(rabbit, mouse)

Anti-S(rabbit)

o} & )7} vaccined] o 24+, 3fH vaccined] 47}
21}t &, HSVe gD, HBsAg ¥ influenza-HA®] #+

vaccine2 A F7A]

dd Pl AegA = Jgst
as 39 AT Zld=HE Aol .

FAAE @AM AT FLg RVVY o o] o} (Fig
5). ¢} 37F RVV (vP168)E5 %ol 5x107 pfu sy
A% 2E A9WAF A5, o F 359 HAA4E
W3 FACE A=A GE Aelvh o] AdEe Az
o}7} vaccines] 9 A P AT A FETE
ZtegE AE Yl Aoly RVVesk vaccined
F5AE AeA AAAderz £, o8& RVVHs}

6, I (fowlpox) virus(FPV)2 I3 vector
2 0I33%= B\iEa FPVe Yy

FPVx =% vaccine vectorZ 4] A 3 44 Ay
Z slvk. FPVE A 59 42 4384 vaccine virus
2 ddsm fESA ol §3el St FPVE o$ @
A8 A AAALE BamshA god Azus

— 413 —



T4 Ligase

BamHI _ =~~~
.

*,
~£C 18am Hil

J )
-~ E

agih 8glil

pTFILZ-1

PAR2529

210 g
Bamiy
e~ arg Bam,
Form =~ Loy
0% Gong
8any
T4 Ligase

—_———
BamHl -~ ~ € BamHI

Fig 4. Construction of plasmids containing target genes flanked by T7 $10 promoter and

T¢ terminator sequences.

" L
v-gD Inf-HA
hSv-e0 ¢ B H
/
/

BHXH H 8 H
Q 10 20 3Q kb

Fig 5. Structure of the vaccinia virus recombinant
harboring the HSVgD, HBsAg, and InfHA
coding sequences.. The leftmost 30kb of the
vaccinia Svariant genome encompassing the
terminal HindIII F, M, K, and internal F
fragment are shown.

B: BamHI; H: HindIIl; X: Denotes the
deletion of approximately 0.6kb of vaccinia
sequences.
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TKRA A AT FAAE Agstz A9
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Ecogpt-#4 A+, PL11 VV promoterd] #]]3lel 9+
influenza virus A/PR/8/34 HAGA Ao} o %o K
5o gl¥ p7.5 VV promoter?] Ho]E uA w5z
At

H FPVY BREXE B &4 59 e, FPV
£ JERBRM FA X A4 wERY(abortive
Aol A<tato, Taylorg?E& HEXK

infectioin) = &

5 virus(RV)9] 219 (glycoprotein; gp)g

s %
Z45 RFPVE W gA Lo AEZsAd af 2FA=E
o 4 FHARKY(permissive infection) o 2, W zFA
Xof Al & JEFHFS (non-permissive) B o 2 RV gpr}
EHBR e 2dsden, 659 EFEFEHEFA
Pl 2 FHFPVEY 4 RV gpid)o] ¥
HY s 3F kg2, 2gol, M) FEL Bl A
tx pustz gk, weld RFPVE ZHEFE4A
FPVY HA Qo] g & Fo 8 A 29d9ei o
24 e A9%E HAF2 vt

7. RVVe| J|El BEFHI

RVV vaccine ol 7] &atutst & A A4 714 9
o FEAYAZ HE4E BAT Aol dE FHd
A vaccined] Aol wi$- FEF o] @ Ao
ot ER mMEEEC #Hefds factor IXE 47
RVVAAe = dZgut Aot o] RVVE A7
Wl A Xl A A L factor IX7F wE5 ¢
o geh. o] systemoll A& E coliel ¥ b 34
3} ste] o] A 715 translation F9 gaig e 44
o] A4A R YaAADR o] RVVE B4 EA9
BAAE FEEA o] &8 754 o] Yot Fol 9 virus
9] 1%<l BmNPVe] IFN##HAE 4ld RVVE 7
43t o]Z g el FAAA IFNE ez 44
St W E AEEHAGE Go] At Aol At
+ AAFAEALE & 5 Yok HelA o system
< E colib} ERE SFEY systemEr} LEdcta
E 9 v 2@ AEE A9y dders o9y
=X v.accme_‘?.i«] o] &9 o] RVVE §FHEo)2q Bx
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AT Fol L=z Ut
g E
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