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I. INTRODUCTION

PRV is very useful tool to investigate the neuronal. .

tracing research owing to. its - neurotropism : and
transsynaptic power(A WA F, 1997a; @%‘l’?)’ '
1997b; 1A A4}, 1998; o] 43 &, 1997; Card, 1995;
Card et al., 1998; Enquist ct al, 1999; Kristensson. ct
al., 1996). Efforts to further exploit ::thc: invasiveness

hypothesis we examined the infectivity of two
gen_‘e‘ii'cally engineered strains of PRV-Bartha

- engineered to express unique proteins. The

of PRV to define populations of functionally related -

neurons have also taken advantage of . genetically
engineered strains of virus that express tin’ique gene
products(Jansen et al, 1995; Levatt et al, 1998). In a
notable application’ of this experimental approach,

Jansen and colleagucs(1995) injected two genetically

modified forms of the Bartha strain of pseudorabies
virus(PRV-Bartha) into different peripheral targets.

_ invasiveness of these strains in single and dual

injection paradigms ‘into rat colon” was analyzed in
central. circuitry previously subjected to rigorous
analysis with the parental strain of virus.

I . Materials and Methods

1. Experimental Animals

Adult male Sprague-Dawley rats(n=20) weighing
18_{_)_-_290 gram at the time of inoculation were used in
this invcgﬁgaﬁon. All inoculations were done in a

- laboratory approved for use of class 2(BSL-2)

CNS neurons replicating both strains of virus were )

demonstrated in some of the experimental animal
(Bamet et al, 1993; Card et al, 1995; Card et al,
1991), but the percentage of animals that exhibited
coinfectcd neurons was remarkably small. In order to
investigate the coinfection of two PRV ‘mutants in

single neuron in DMV innervating rat colon, we used.

PRV-D and PRV-Bartha. One of the mutants had a

titer of 104.5 plaque forming units per.ufnillilitcr(pﬁs/ _

ml) and the other was approximately 107 -pfu/ml.

Given the fact that prior studies with PRV and.

Herves Simplex Virus(HSV) have demonstrated that
the percentage of animals that developed :i ﬁmductive
infection drops substantially when less than 105 pfu
was injected (Card et al, 1995; Sun et al, 1996;

infectious agents and the animals were housed in this
facility throughout the balance of the experiment.

2. Viral Strains

1) PRV-Bartha, an attenuated vaccine strain,
served as the parental strain for both of the mutants
used in this investigation(Bartha, 1961). The virulent
wild' type strains - PRV-Becker(Becker, 1967) -and
PRV-Ka were used in studies of viral virulence (PRV-
Bgcker) and . for construction of one of the mutants

(PRV-Ka).

- 2) PRV-BaBlu contains the lacZ gene in the gG

- locus of the unique short (Us) region of the viral
" genome and expresses P-galactosidase (8-Gal) under

Ugolini et al, 1987) it is not surprising that the

percentage of animals cxhibiting dual infection in the
Jansen study was small. : _
We have tested the hypothesis that - virulence and
rate of replication may influence the ahility of two
engineered strains of PRV to co-infect :neurons in
DMV innervating rat in vivo. This hyp()lheéis is
based upon the demonstrations of superinfection
exclusion with HSV(Campadelli-Fiume et al, 1988,
1990; Johnson & Spear, 1989). To address this

the control of the gG promoter. Construction of this
niutant followed the methods of Mettenleiter and
Raugh(1990) and has been described in a prior

~ analysis of cardiac circuitry(Standish et al, 1995).
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Briefly, a lacZ expression cassette of the gG promoter
and the first seven codons of PRV-Becker gG fused
to JacZ was crossed onto the gG locus of the PRV-
Bartha genome by homologous recombination. The
genome structure of the plaque purified recombinant
was verified by restriction enzyme analysis and



Southern blotting. PRV-D. was constructed::in -two

steps by Tamar Ben-Porat and the finva@ivénes of this .

mutant in visual circuitry has been described(Card ot -
al, 1992). To produce this sirain the Us deletion of
PRV-Bartha was first repaired with DNA from PRV-

Ka to restore the gE and gl ‘genes. The gE gene was -

then selectively deleted, a manipulation that reduces
the virulence of this ‘strain(Card et.al, 1992; Whealy
et al, 1993). The gi gene, which is present in PRV-D,
but is absent in PRV-BaBlu, provides the unique
marker of neurons infected with tlusvuus

All strains of viris were grown to a minimum titer
of 108pfu/ml in PK-15 cells. Specific titers in pfwml
were : PRV-Becker=5.5 X 108, PRV-Bartha=6.25 X
108 , PRV-D=2.5x108, PRV-BaBlu=4.75 X 108.
Each virus stock was aliquoted at 50-100pltube and

stored frozen at -80°C. Aliquots were thawed .

immediately prior to injection and unused pdrtions
were inactivated with Clorox and discarded(Flig.A).

3. Antisera.

The following reagents. wese used to ld_(!aiize'

infected neurons in DVM innervaﬁng"i':rpt colon. A
rabbit- polyclonal antisera (Rb133)° gencmcd -against

. . acetone inactivated virus recognized all strains of
- virus used in' this analysis (Card et al, 1990). PRV-D
- infected cells were identified with a polyvalent rabbit

a'miségum (Rb1544) that recoghizes the glycosylated
precursor of gi(formerly ' designated gp63 in older
PRV literature), This antibody was generated by
‘immunizing rabbits with a polypeptide corresponding
to amino acids 60-268 of gl expressed in Escherichia

_coli. PRV-BaBlu was identified with mouse

monoclonal antibodies generated against p-Gal
purchased from Sigma Chemical Company and 5
Prime-3 Prime, Inc(Bolder,CO).

4. ‘E_xpori'mer‘ltal» Rationale

Two well_chamcrized models of the invasiveness
‘of PRV were used in this analysis. Each model has

 the advantage of peripheral inoculation and addresses

different aspects of viral invasiveness and cell to cell
transmiésidn; Primary invasivencss of neuronal
perikarya and anterograde transneuronal infection of
-the 'CNS -was cxamined by injection of virus into
proximal and distal colon. This route of inoculation
causes an initial infection of DVM neurons cells
followed by anterograde transneuronal infection of

Signal . Sequence
Mutation

Fig A. The genetic map of pseudorabies virus (PRY).
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neurons in the diencephalon and midbrain.

All animals were anesthetized with ketamine and
xylazine injected intraperitoneally prior to‘ any
experimental manipulation. Rats included m the
analysis of visceral movement received an injection
of one or both viruses in single or dual injection
paradigms into rat colon. In single injection
experiments, the invasiveness of each strain. was

evaluated by injection of 4 pl of viruses into the

proximal and distal colon or simultancous injection of
the viruses into different colon sites, Three  dual
injection paradigms were used. In the first, a mixture
of PRV-D and PRV-BaBlu(2ul of each) was injected

into the colon as described previously. The second -

paradigm involved injection of 4pul of PRV-BaBlu
into colon followed by injection of an equivalent
volume of PRV-Dinto the same area 24 hours later.
The third paradigm reversed the order of virus
injection used in the second paradigm. All animals
were sacrificed 48~140 hours after the initial
inoculation and the brain -was processed for
immunchistochemical localization of infected neurons
as described in the next section.

5. Tissue Processing

Animals were anesthetized with an "_oircrd_osc of
ketamine/xylazine and killed by transcardiac infusion
of buffered aldehyde solutions. The. brain -was
removed and postfixed for one hour at 4°C prior to
cryoprotection in 20% phosphate buffered sucrose at
the same temperature and fixative. Tissue was then
cut in the coronal plane at 35 pm per section using a
freezing microtome and stored in cryopreservant
(Watson et al, 1986) at -20°C prior to
immunohistochemical analysis. Immunohistochemical

localizations were conducted using

immunoperoxidase or immunofluorcscense

procedures. In both instances, lis_shé was first washed

to remove cryopreservant and then transferred to
primary antibodies for a 24~48 hour incubation at 4°

C. The immunoperoxidase localizations were

accomplished with the avidin-biotin modification(Hsu
et al, 1981) of the -pcmxidasé-antipcroxidasc method
using affinity purified secondary antibodies and
Vectastain reagents. The immunofluorescence
localizations used secondary antibodies conjugated to
fluoroscein  isothiocyanate(FITC), CY2 or CY3 to
produce green (FITC, CY2) or red (CY3)
fluorescence. These fluorescent secondaries were used
at a dilution of 1 : 1000. Processed sections from
tissue processed with these procedures were
caverslipped with Fluoromount G prior to being
analyed and photbgraphed with a Olympus B201
photomicroscope. Tissue processed with the CY2 and
CY3 conjugated sccondary antibodies were
dehydrated, cleared and coverslipped with Cytoweal
60,

6. Experimental Analysis

Virulence of each strain was determined by
documenting symptoms of viral infection in all
animals. We did not conduct a systematic analysis of
mean time to death. However, a subset of the _longest
sul;viving animals infected with each strain
succumbed to infection and we carefully monitored
the animals for overt signs of viral infection(lethargy,
weight loss, spiked coat),

The extent of infection in the DMV produced by
each strain of virus was initially assessed in tissue
processed for immunoperoxidase localization of viral
antigens with the rabbit anti-PRV polyclonal
antiserum that recognizes all strains of PRV used in
this study. Immunoperoxidase localizations were then
conducted on tissue from each animal using the gl
and f-Gal monoclonals, Co-infection of neurons in
cases receiving dual inoculations was determined in
dual labeling immunofluorescence localizations. The
gl glycotrotein was identified with the secondary
conjugated to FITC or CY2 to produce green
fluorescence and f-Gal was identified with the CY3
conjugated secondary to produce red fluorescence.
Fluorophors in each sample were excited with the



aprpropriate filters and  infected nemons were -

photographed.

II. Resuits

The patterns of mfccuon produoed by the pmcntal :
virus in colon mnervating cxrcmt wete! also obscrved .
following m]ecuon of the engmected PRV mutants{

However, differences in Vlrulenoe and the progression
of infection through amonomlc cnrcultry were

‘was injected in the smgle m;ection paradigms. PRV-

D also ‘dictated the ‘virulence wihien injection :of the
two strains was temporally separated by 24 hours. As
one might predict, the magaitude of virulence in the
co-injection studies depended upon the sequence of
injection of thé two strains. That is, virulence was
greater when injection' of PRV-D preceded injection
of PRV-BaBlu. Collectively, these data indicate that

virulence in co-injection paradigms will be

~ determined by the more virulent strain of virus.

identified. Analysis of the eiﬁclcncy of co-infection .

of neurons in colon circuit provided compelling
evidence that the differences in v:rulence and

invasiveness of the two engineered mutants effccted -
their ability to efficiently reph@tg in the same .

neurons.

1. Engineered PRV mutﬁnt# :
differed in virulence.

In single injection paradigms, PRV-BaBlu was less

virulent than both ‘PRV-Bartha and PRV-D.. In-
contrast, PRV-D was more virulent than PRV-Bartha

and PRV-BaBlu, These determinations were based

upon the appearance of symptouji_s{ of infection

(ethargy, spiked coat, oral and nasal secretions) and
the time of death of a limited number of animals thiat
succumbed to infection.

2. The progression of transneuronal
infection differed in animals infected
with” genetically” modified strains of

‘Comparijson of the temporal progression of
infection .through colon innervating circuitry
following infection of animals with PRV-D and PRV-
BaBlu revealed dramatic differences in the extent of
transynaptic passage of virus compared to one
another and the parental virus. Restoration of the gl
gene to the Us region of the PRV genome

substantially increased the rate of viral replication and/

“or transport through circuit and, as shown above, also

“increased the virulence of infection. In contrast,
" substitution of the lacZ gene for gG in PRV-BaBlu

These data suggest that the adverse effects of PRV-

D infection derive lagely from mfecuo_n of peripheral
organ systems rather than infection of the brain.

Animals included in co-injection  paradigms

involving simultaneous or tempo_rilly separated

injections of PRV-D. or ‘PRV-BaBlu -displayed
virulence similar to that produced by individual
inoculation of PRV-D. In this imgps'tigatian the

virulence observed after simultancous \inoculation of

the two strains was similar to that produced by the
more virulent PRV-D virus in single injection

reduced the progression of infection through each
circuit. Thus, direction of viral iranspon into the
nervous system(anterograde versus retrograde) had no
apparent influence upon the differences in
invasiveness. PRV-BaBlu and PRV-D also displayed
differences in the retrograde progression of infection
through vahtonomic' circuitry innervating the colon.
Collectively, these data demonstrate that the
progression of infection produced by PRV-D exceeds
that produced by PRV-BaBlu in the same citcuitry by

approximately 24 hours.

paradigms. This increased virulence occurred even
though the amounnt of virus injection in the co-
injection paradigm was approximately the same as

"Furthermore, the data demonstrate that this
difference in the temporal progression of infection
occurs irrespective of the direction of viral transport
into the _neﬁmus system. Co-infection of neurons with
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PRV-BaBlu and PRV-D .was observed in this model.
However, the ability of both strains ‘to rebliqate in the
same neurons in DMV was dependent upon . the
simultaneous exposure of permissive n_c:u;njons to both
viruses. If temporal diffem_:bes occumd in - the
invasion of one strain of PRV, it was not uncommon
for the neuron to become refractile; to replication of
the second strain. Thus, the temporal pr;semation of
the two strains of virus to first-order newrons was
extremely important in determining rates of co-
infection.

It is important to recognize that the ability to
interpret ihe coinfection data is ilimi._ted by the
increased virulence that occurs in the dual inoculation
paradigms. For example, the mcreased .virulence
resulting from dual inoculation makes it difficult to
evaluate the ability of PRV-BaBlu to establish an
infection because of the sl:owve,_:r rate” of
neuroinvasiveness that is characteristic of this -strain.
Therefore, we were able to determine the efficiency
of anterograde transynaptic infection in circumstances
in which the two viruses did not have to compete
with one another for the initial  invasive event.
Considerated together, these data sets provide
important insights into the ability of two strains of
virus to coinfect neurons in vivo.

The progression of infection observed following
simultancous injection of a mixture of both viruses
into the wall of colon reproduced. that demonstrated

in single injection paradigms. That is, PRV-D.

infected a larger population of neurons earlier in ‘the
course of infection than PRV-BaBlu. This was

reflected by the presence of the unique marker of this:

virus by post inoculation. These neutons also
exhibited §-Gal immunoreactivity, indicating that they
were replicating both strains of virus, and with
advancing survival, but the relative percentage of
neurons infected with one or -both strains of virus
remained the same. This is apparent in cohlparing the
extent of PRV-BaBlu infection at 80 hours after
individual inoculation with that produced:in the dual
inoculation paradigm at 9 hours. These data are

similar to those observed in the eye moadel in that
they suggest that the more rapid replication and
invasion of PRV-D makes DMV uneurons more
resistant to réplication of PRV-BaBlu. However, the
data also suggest that the opposite is not true. The
nucleus and cytoplasm. of many with the important
exception that there were more neurons that contained
B-Gal immhnbreaétivity-. However, the magnitude of
PRV-BaBlu replication in the DMV in this co-
injection paradigm still did not approach that
achieved at an equivalent post inoculation interval
after individual inoculation with this virus did not
compromise the ability of PRV-D to replicate in the
DMV and pass were observed in the paraventricular
nucleus (PVN) that contained.

‘The conclusions that could be drawn from

» ‘rcvc_tsing the temporal sequence of injention (PRV-D

followed 24 hours later by PRV-BaBlu) were
substantially limited by the added virulence of the co-
injection paradigm and the slower invasion of PRV-
BaBlu. The subsequent inoculation of PRV-BaBlu
did not alter the temporal dynamics of PRV-D
invasion under these circumstances. No PRV-BaBlu
infected neurons were observed in these animals, a
finding that is not surprising given the fact that the
postinoculation interval following injection of PRV-
BaBlu was only 48 hours. One longer-surviving
animal in this paradigm died uncxpectedly at
approximately. 84 hours. Since this short survival
limited the information that we might obtain on PRV-
BaBlu tepligation'we did not prusue this experiment
any funher(Fig.B).

IV. Discussion

Superinfection exclusion is phenomenon that is well
documented in vitro but has not been systematically
cxamined in vao. Characterization of this process has
largely emerged from in vitto studies of HSV-1
infectivity which focused upon the gD envelope
glycoprotein. Campadelli-Fiume and colleagues(1998,
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reinfection of ‘oells’ by progeny mirs"ruhnscn and'
Spear (1989) further demonstmied tha! the. ability of -
gD to prevent reinfection was mﬂuenwd;:by the-

amount . -of gD exprnssod -the * cong tmion and
scrotypeoftho ch:ﬂougcvnua,aswellasmponiosof
the target cells. These oompclhng observahons :have
important implications for the life cycle of the virus in

that they provide a mechanism: that pmtem againsl lhn'_

rednooon rn infoctrous yield that WOuId result fxom
rcrnfechon of pmnt cells by pmgcny virus. In. ‘the

prwent study we provide_evidence that exclusron alsu,

mﬂucmtheabﬂrwoimmﬂmonesumnof
pseudornbres vims ro oomfwt neurons_in: vivo. Thc
data - dcmonstmte dun ynot infection’ of n&urons wnh
ane strarn of PRV Jcan; ronder nourons fesistant to
replroatiorr of seoond strain of this vxms. Importantly,
the data also reveal that the outcome of oo~rnoculatron
is heavily influenced by the virulence of the infecting
strains of PRY. These data provide funbcr mstghxs
into the influence of suponnfecuon exclusmn upon the

spread of PRV through '.be nervous sysmn and also )

demonstrate princrp!es xmpomt for mtarpremg data

derived from studtes in which mulnplo engmcered»

strains of virus are used to doﬁr_rothe orgamzaum -of

neuronal circuitry. . ' '
Available data supports the oondnsron that the

difference in vrrulcnoe of the two PRV stmns is

related to the prosoncc OF, -absence f envelope"

glycoprotern gens in the Us region of the PRV
genome. Prior analysis of PRV has:, shown: _that
deletion of one or both of the gE. and;-gl envolopc
glycoproteing from this region of the wild type
genome reduces the virulence produced by intravitreal
inoculation of wild type PRV(Card et al, 1992;
Whealy et al, 1993). Similarly, recent work has

demonstrated that sclective deletions of the éar:lroxy . »
terminus of gE produce a similar -;'rcduction of

virulence but do not compromise viral invasiveness of

' visw'ﬂ ‘or autonomic circuits(Tirabassi et al, 1997;
'Yang et al, 1999). The current findings are similar in

that' they domonstrate reduced virulence in strains of

PRV after’ dclctron of Us genes. However the
. ahergnons of-__thc viral - genome ' in 'PRV-BaBlu and

PRV:D produced strains of virus that were distinctly
different in virilence, both from one another and the
parental virus. Substitution of lacZ for gG in PRV-
BaBlu further ‘attenuated the virulence of PRV-Bartha
and also slowed the invasiveness of the virus. To our
knowledge this is the first demonstration of a
phenotype -for gG. In contrast, PRV-D, a virus in

~ which gE is absent but gl was restored by

homo_logbus recombination, exhibited * increased
virulence and invaded both circuits more rapidly than
the parental virus or PRV-BaBlu.

Earlier in vitro studies of superinfection exclusion

. tevealed that gD expressing cell lines refractile to HSV-

1 replication :maintained the capability to endocytose
viral- particles(Campadelli-Fiume et -al, 1988, 1990).
This and other evidence indicates that the endocytosed
viral particles are fated for destruction in lysosomal
compartments and that the blockade of productive
replication is. due to interference of membrane bound
gD with fusion‘ of viral envclopes with the plasma
membrane of permissive cells. Qur data suggest that
exclusion of the replication of a second strain of PRV
can also occur in&acollularly, after both strains of virus
have entered a permissive cell through fusion-based
invasion. The clearest evidence in support of this
conolu_sion was provided by the findings of
experiments in which both viruses were injected into
the same site,v either simultaneously or in temporally

separated injections. The demonstration of

:  simultaneous - replication of both strains of PRV by

some neurons clearly demonstrated that, under the
proper circumstances, two strains of PRV can
sucoossfull‘y'invadc the same. neuron through a fusion-
based route. However, the déta_aiso revealed that prior
infection of 2 meuron by PRV-D could preclude

-replication’ of PRV-D. This result implies that a viral

protein’ encoded by PRV-D, but lacking in PRV-
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B. The micrescopic photographs o! paravanu'icular nucelus (PYN) and dorsal motor nucelus of vagus
nerve(DMY) lnnervating. rat colon.

1. DMV after PRV-BAbDIu injection into.colon.
2. DMV after PRV-D injection into calon
3. PVN after PRV-D injection into: cofon
4. DMV coinfected by PRV-D followed PRV-Bablu mjecuon into colon.
5. PVN coinfected by PRV-D followed PRV-Bablu injection into colon
6. DMV subjected to dual injection of the viral mutanty into colon.
I : Third ventricle, — : PRY-D-+PRV-Bablu, : PRV-Bably, : PRV-D



BaBlu, functions fo suppress- replwalxon of other
strains of PRV that enter the. cell . mbsequem to

replication of PRV-D. The increased rato;of replication
and invasiveness of PRV-D. relative to- PRV-BaBl :

provides a temporal advantage - for PI}WD that is
integral to the expression of this effect. '

The virally encoded protein(s) present in PRV-D
that suppress the replication of PRV-BaBlu remain to

be identified. As noted  earlijer, ‘the genetic v

manipulations used to produce PRV-D restored the gl

gene to the Us region of the g‘cnoéic and it is .

possible that expression of this glycoprotein is
instrumental in- the suppression of. subg.equenf PRV-
BaBlu replication. However, rescuc of the Us tegion
of PRV during the course of PRV-D construction
also- restored two other gens, Us9 and! 28k, that . are

lacking from both the parental virus and PRV-BaBlu. . -

Brideau and colleagues (1998) have recently shown
that Us9 is a phosphorylated tailvanchoredvtype n
membrane proteid that is highly conserved among the
alpha berpesviruses. ‘It localizes in membrane of
intracellular secretory pathways; particularly : the
endoplasmic reticulum and Golgi oomplox, of PRV
infected neurons early in the course of mfectlon and

is, therefore, in an ideal position _to» suppress the '

production and assembly of proteins’ essential for
PRV-BaBlu replié;ation. Little is known regarding the
localization or function of the 28k gene product.
Further work is necessary to determine 1f any of these
genes contribution to the exclusmn of PRV BaBlu
replication in cells prevnonsly mfcoted w:th PRV-D.
Evidence also exits in our data in support of the

interpretation that ‘exclusion .of one strain of PRV.by:

another may be due to a blockade of “fusion based

entry of one strain and/or to exposure: of permissive

necuronal profiles to differing 'conccnu'titions of virus,

as prevxously demonstrated fOI‘ HSV-! by Johnson i

and Spear (1989) The presence - of DMV neurons

only infected with PRV-BaBlu after simiultaneous
injection PRV-BaBlu. and PRV-D :provtded the -
clearest evidence in support of this possibility. In this -

experimental paradigm the majoritjr of neurons

- infected by retrograde transport of PRV-D from the

stomach far exceeded those that were co-infected or
were only replication PRV-BaBlu. As noted above,
we ‘interpret ithe dominance of PRV-D infection to a
block in PRV-BaBlu replication that occur
subsequent t¢ invasion of the two strains. However,
the presence of DMV neurons that are only
replicating PRV-BaBlu in this paradigm suggests that
PRV-D either- failed to invade these neurons of did
no in such low concentration that a productive

replication was not elicited. Either possibility is
supported by the data and. prior literature. For

example, it seems  quite probable that the diffusely
ramifying axonal processes of DMV neurons will be
exposed to variable concentrations of the two viruses
such that some axons will be differentially exposed to
high concentrations of only one virus. Under these

circumstances. viral envelope proteins incorporated

. into the membianes of permissive processes could

preclude or reduce the attachment and entry of other

‘virions in mapner. analogous to that demonstrated in

the in vivo studies invelving HSV-1 and gD
expressing cell lines(Campadelli-Fiume et al, 1988,
1990; .Johnson & Spear, 1989). Given the recent
finding that low concentrations can delay or eliminate
the.re.plimtion of PRV in a pérmissivc neuron after
1994) the
differential invasion of hxgher concentrations of one

intracercbral injection (Card et al,

strain of PRV could account for individual infection
of neurons in dual infection paradigms. This would

‘explain the persistence of cells differentially infected

wiithPRV,-BéBlu under circumstances in which PRV-
D infection predominates.

These ﬁndingS also have important implications for
the design and interpretation of investigations
involvingv the use of multiple strains of virus to define
neural circuits. This approach has recently been
employed using strains of HSV and PRV engineered
o express uﬁique gene products and is dependent
upon the ability of two strains of virus 1o replicatc in the
same neuron. In studies of the organization of neuronal
circuits that medulate the activity of the viscera and
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homeostatic function, Jansen and ml]mgum {1995) and
Levatte et al. (1998). have shown that retrograde
transynaptic pessage of recombinant strains pf PRV and

HSV-1 can be used o' identify newrons in the central

nervous system that synapse upon sepame populations
of spinal cord neurons that project to different peripheral

targets. This is powerful exploitation of the neurotropism

and invasiveness of alpha herpes viruses 1o define
principles of synaptic organization that canngt be defined
with other techniques. The present data set underscore
the usefulness of this experimental approach but also
reveal an important aspect of the alpha herpesvirus life
cycle that should be considered in both the design and
interpretation of data derived from such . studies. In
particular, the ability of one virus to pxéludc the
replication of another would create false negatives that

would underestimate the number of neurons thai.

contribute to a polysynaptic circuit. Thus, caution should
be exercised in interpreting negative findings. involving
this experimental approach. The data also suggest that
the best results would be achieved through .the use of
isogenic strains of virus that are equivalent in virulence
and rates of invasiveness. '

V. Conclusion

Genetically engincered development of pseudorabies

viruse(PRV) as vectors for delivery of foreign genes to

postmitotic neurons in the dorsal motor. nucleus - of
vagus nerve{DMV) of central nervous system(CNS)
has also made it possible to use more than one strain of
virus in complex tracing paradigms after ‘injection of
these viruses into rat proximal and distal ‘colon. In the
present investigation we used two g}enetica,lly
engineered strains of PRV in single and dual injection
paradigms using two in vivo rodent models. Both
viruses are isogenic with the Bartha strain of PRV(PRV-
Bartha), but have been constructed to produce imique
gene products that can be detected
immunohistochemically. In one strain, PR\}-BaBlu. the
bacterial lacZ gene was placed in the gG locus of the

~ unique short (Us) region of the viral genome; f-

galactosidase expression provides the unique marker of
neurons infected with this strain.- The other strain, PRV-
D, wis constructed in two steps. First, the deletion in
the unique short region of PRV-Bartha was repaired

 with wild type DNA from PRV-Be(PRV Becker strain).

The results were as followings.

First, the progression of infection resulting from
individual inoculation with PRV-D is significantly
faster that resulting from individual inoculation with
the 'paremal strain or PRV-BaBlu in the same
circuitry.

Second, virulence of the engineered mutants differs

' substantially from one another and the parental virus.
" PRV-D is more virulent than either PRV-Bartha or

PRV-BaBlu, and PRV-BaBlu is less virulent than
PRV.Bartha. Third, neurons in DMV innervating rat
colon are permissive to coinfection by both mutants
when the viruses invade simultaneously.
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