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Iotroductiol

The general objective of this contract research is to obtain
a detailed understanding of the molecular processes involved in
flavivirus RNA replication. Toward this goal, studies involving
the isclation and dissection of the replication apparatus found in
virus~infected cells, and work dealing with the production and
isclation of purified flaviviral proteins and their use in
reconscructing component replication activities, are being
pursued. Data from these In vitro approaches will not only
significantly contribute t¢ the elucidation of mechanisms involved
in flavivirus RNA replication, but will also allow development of
important in vitro assays for the component activities making up
the viral replicase function. Provision of such assays, along
with parallel protein structure-function s-adies, will then allow
pursuit of our ultimate goal: identification and evaluation of
compounds capable of interfering with these in viltro replication
activities.

This report summarizes work performed during the first year
of this contract. Much of ocur effort this past year involved the
establishment of the experimental model system and the procurement
and generation of necessary reagents. However, we have also made
—onsiderable headway in the two principle research areas of this
project: RNA replication bioassay development and candidate
inhibitor design and development.

Expecimental System Set-up and Reagents
Virologic reagents.

We have obtained yellow fever virus {YFV) 17D from American
Type Culture Collection (ATCC). We have also received, from C.
Rice (Washington Universityj, ¥YSFV 17D generated from the
transfection of an infectious RNA copy of the molecularly cloned
virus (YFiv 5.2; ref. 1). This latter virus has been propagated
in SW-13 cells (obtained from ATCC). Conditione for virus
plaquing have been established, and seed virus stocks and high
titer working stocks have been prepared. Additional cell lires on
hand include Vero, €6/36 cells (both obtained from USAMRIID), and
BHK-21 cells (obtained from ATCC).

Molecular biologic reagents.

A series of plasmids possessing YFV 17D cDNA inserts which
collectively encompass the entire virus genome have been
graciously provided to us by C. Rice (clones p28I11I, pYFM 3.5,
p34IrI, and pYF5'-3'ANP.%). Stocks of these plasmids have been
prepared.
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Immunclogic reagents.

Mouse hyperimmune ascites fluid to YFV has been obtained from
ATCC and from J. Dalrymple (USAMRIID). Small aliquots of a series
of rabbit antisera specific to protein coding regions along the
YFV genome (generated against £. coli-expressed YFV polypeptides)
were provided by C. Rice. All of these reagents have been
evaluated in radicimmunoprecipitation (RIP) analyses of YFV-
infected BHK and SW-13 cel. lysates, They have allowed the clear
identification of YFV proteins prM, E, NS1, NS2B, NS3, NS4B, and
NSS5. Viral proteins nct immunoprecipitated with these reagents
from cell lysates were C, M, NS2A, and NS4A (which has not yet
been identified in YFV-infected cells). Evaluation of 25 JEV
monoclonal antibodies {provided by J. Dalrymple) by RIP assay of
YFV-infected cell lysates identified two antibodies (11-H12-1 and
12-F9-3) cross~zeactive with the YFV E protein.

We have invested considerable effort in generating our own
sequence-specific antibody reagents to YFV proteins. Two types of
immunogens have been prepared. First, a number of peptides (19 to
26mers) were synthesized representing sequences from the C, M, E,
NSZA, NS2B, NS4A, NS43, and NS5 protein coding regions (Fig. 1B).
These synthetic peptides wer= chemically coupled (via MBS) to KLH,
and the resulting conjugates wers used to immunize rabbits. We
have also produced sequence-specific immunogens by expressing
select regions of the YFV open reading frame (ORF) in an E£. coli
expression system., Our system employs the tac promoter and
results in production of a fusion protein in which the firstc 23
amino acids of the resultant protein represent the cro protein of
bacteriophage A (2)}. The regions of the ORF s0 engineered are
schematically depicted in Figure IC. With one exception, bacteria
harboring these plasmid constructs each produced high levels (10-
50 mg/l} of the expected polypeptide. The exception was CroNS2Za;
while plasmid constructs could be verified correct, transformed E.
coli failed to produce YFV-specific protein from this region. The
successfully expressed bacterial YFV fusion polypeptides were
partially purified and used to immunize rabbits as previously
described (3,4}.

Antisera were evaluated for their ability to
immunoprecipitate radiolabeled antigens produced in YFV-infected
SW-13 cells. Infected cells were labeled with 35S-methionine
(TRANS-353-Label, ICN), and cleared cell lysates were prepared by
either an SDS denaturation method (2)!/or by a RIPA buffer
procedure (5). Following standard imfuncprecipitation protocols
(2,3), aliquots of the immunoprecipitates were analyzed by SDS
polyacrylamide gel electrophoresis, and the radiolabeled antigens
were detected by fluorography. Figuze 1 summarizes the results of
our evaluation of the variocus antibody reagents. Of nine
synthetic peptide immunogens used, fpur elicited useful antiseca
reactive with specific YFV polypeptides (Fig. 1B). Each of the
four E. celi-produced immunogens yielded positive antisera,

although the anti-C protein antisera (croC~141) was of low titer
(Fig. 1C).
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Engineered gepe expression

Important to understanding flavivirus RNA replication will be
determining the functional roles of the individual components
involved. Toward this end, we plan to exploit a number of gene
expression systems for the producticn, and subsequent functional
characterization, of individual YFV polypeptides. These
expression systems include cell-free transcription-translation,
mammalian cell transient expression, recombinant baculovirus-
infected insect (Sf9) cells, and recombinant vaccinia virus-~
infected mammalian cells. The first two systems both involve
bacteriophage T7 promoter-initiated transcription {either in vitro
or in vivo). We have engineered a number of the YFV protein
coding regions into T7 promoter-containing plasmids (Fig. 2).

Each of these transcription constructs was evaluated for protein
expression in a transfection assay in BHK cells infected with a
vaccinia virus expressing the T7 RNA polymerase (6)}. Cells
transfecred with the M construct produced an 8 kDa protein,
iinmunoprecipitable with our anti-M-211 serum, that comigrated with
the M protein produced in YFV-infected cells. Cells transfected
with the prM plasmid synthesized an M antiserum-reactive 20 kDa
protein, consisternt with the size expected for the unglycosylated
prM protein. Since the construct lacks the prM signal sequence,
glycosylation was not expected. Cells receiving the CprM plasmid
produced a specific 37 kDa polypeptide, the size expected if no
protecolytic processing of the fusion protein occcurred. ©Only a
small amount ©0f mature prM protein was detected. The presence of
C protein was not tested. Reasons for the inefficient processing
in this transient system by cellular signalase are unclear. Cells
transfected with the NS2B plasmid expressed the expected 195 kDa
protein. Transient expression of the NS3 and NS5 constructs
rasulted in the ready identification of the expecred €9 kDa and 98
kDa polypeptides, respectively. Finally, cells transfected with
the NS3-5 plasmid produced a high melecular weight polyprotein
immunoprecipitacle with antiserum to both the NS3 protein and NS5.

A number of recombinant baculovirus transfer vectors
possessing various YFV protein coding regions have been
constructed (Fig. 3). To date, four of these vectors have been
used to generate recombinant viruses. Of these, YFV protein
expression in infected Sf9 cells has been evaluated for two of
them. Both bacNS3 and bacNS5S produce the expected polypeptide,
each co-migrating in an SDS polyacrylamide gel with their
autrentic (FV protein counterpart.

ENA Rep. i I \ -

In order to investigate viral RNA syntaesis, we needed to
establish methods for extraction of intact YFV RNA from infected
cells and for analysis of the various rorms of viral RNA. These
procedures are all in place at this time. Employing denaturing
formaldehyde-agarose and high resolution urea-agarose gel
electrophoresis, differential LiCl solubiliry, and RNase
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sensitivity, we can readily resolve, distinguish, and identify
viral genomic, replicative intermediate (RI), and replicative form
(RF} RNAs.

Infected cell-derived RDRP assay.

During this first year, a major effort has been put into the
development of a cell~-free viral RNA tran:cription assay derived
from YFV-infected cells. At year's end, we have at hand a
specific, reproducible, and quantifiable assay involving a
subcellular fraction possessing viral RNA-dependent RNA polymerase
{RDRP) activity. Methods employed to generate this active
fraction were partially modeled after approaches used by others in
different viral systems (7-12). Preparation of this frartion
involved the mechanical disruption of YFV-infected BHR +.lls in
hypotonic buffer containing Triton X~-100, followed by low speed
centrifugation to remove large cell debris. Frcm this initial
supernatant fraction, a particulate fraction (P20) was isclated by
centrifugation at 20,000 x g. The P20 fractiocn contained nearly
all of the viral RDRP activity. This particulate material was
then solubilized in deoxycholate (DCC) without loss of activity.
Addition of glycerol to the DCC-soclublized P-20 fraction allowed
stcrage of aliguoted material at -70° for several weeks with no
apparent loss of RDRP activity.

Measurement of RDRP activity in this preparation involved
standard reaction conditions inciuding buffer, divalent cation,
the four ribonucleoside triphosphates (NTPs)}, one of which is
radiolabeled (a32p-GTP), RNase inhibitor (RNasin), and actinomycin
D. The RNA synthesizing activity of the P20 preparations was
absolutely dependent on the addition of a divalent cation, with
the optimal concentration of MgClz being approximately 2.5 mM.
Comparable activity was obtained at 0.5 mM MnCl2. However, it was
rather insensitive to variations in the nature and concentration
of salt in the reaction mixture. The RDRP activity was relatively
constant over the range of 5 to 400 mM NaCl, 20 to 400 mM XCi, and
20 to 200 mM (NH4)OAc.

Under standard reaction conditions in the presence of
@32p-GTP, the resultant radiolabeled product was analyzed by gel
electrophoresis. Only viral RI and RF RNA species were found; no
single strand genomic RNA was detected as a reaction procduct.
However, in other work, we found that the P20 extract contains
RNase activity as detected by the degradation of exogenously added
RNA. Possibly, newly synthesized single strand RNA is degraded by
this activity in this system. This is being investigated further.

Using material prepared as described above, we have obtained
consistent and reproducible incorporation of radiolabel (32p) into
virus-specific RNA. The amount of radiolabel incorporated into
the YFV 11 kb RNA species directly correlated with TCA
precipitable counts from the reaction mixture. Furthermore, since
the specific incorporation of 32p is at least 10-fold over
background counts, assessment of RDRP activity by simple TCA
precipitation is possible. This allows for simple and accurate
quantitation of activity by scintillarion spectrometry.




The YFV-specific proteins and RNA present in the RDRP-active
{P20) and inactive (Pl and S20) fract ons were investigated.
Viral proteins were identified by We: rn blot analysis. No
significant difference in the distribution of viral proteins prM,
E, NS1, NS2B, NS$3, NS4B, and NS5 was observed among the three cell
fractions. Mature M protein was detected cnly in the inaccive Pl
fraction. ( protein was not identified in any of the fractions.
Distribution of the NS2A and NS4A proteins was not determined.
Viral RNA was analyzed in the subcellular fractions pi.p.red from
YFV~-infected cells radiolabelied with 3H-uridine in t!~ presence of
actinomycin D. YFV-spacific single strand genomic ¢ d double
strand RF RNA were botl. equally distributed in all - hree

fractions, while the majority of the RI RNA was fou' 1 in the Pl
fraction.

Reconstituted component replication assays.

The cell-derived RDRP activity described above will most
certainly yield important data on YFV RMA replication as we
continue our investigaticn, and further purlficar:.:, oI it.
However, the preassembled nature of this replication complex will
make it difficult to define and assess certain replication-
associated interactions and component activities., Therefore, we
proposed to purify relevant individuali compuonents for use in
reconstituting various activities.

Efforts coward purification of the YFV proteins expressed in
recombinant baculovirus bacNS3- and bacNS5-infected Sf9 cells have
begun. Preliminary studies showed the bacNS3 protein to be present
in the particulate fraction of hypotonically dasrupted cells.
Attempts to extract the LacNS3 protein with ejther Triton X-100 or
high zalt have been unsuccessful to date. The majority (but not
all) of bacNS5 protein was also found in the particulate fraction
of infected cells. However, this protein was readily extracted
and solubilized with high salt. This salt extract was sudjected
to DEAE Sephacryl chromatography. BacNSS protein was eluted with
a lincar salt gradient, and the bacNSS protein-containing
fractions were then applied to a poly(U)=-Sepharose column. The
bacNSS orotein eluted from this column was estimated to be >90%
pure.

The purified bacNSS protein was assayed £or guanine
methyltransferase activity. Using either GTP or GpppG as methyl
acceptors, and 34-S-adenosyl methionine as methyl donor, we were
unable to detect activity in this preparation.

Iohibiror Desi | Dayel

During this first year, our focus for consideration ot RNA
replication inhibitor candidates has bee. on cligopepticdes. For
this initial work, peptide sequences derived from two regions
within the NSS protein, the "SG" and "GDD" motifs, were selected
for study cue to their conserved nature among RNA replicases (13).
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Evaluation of candidate inhibitors.

With the infected cell-derived scluble RDRP assay being
established as reproducible and quantifiable, #e have initiated
efforts toward evaluation of the effects on tais activity of the
additicon of several peptides to the reaction. A series of
hexamers, based on conserved segquence motifs in the NSS protein,
have been designed, synthesized, and tested. Synthetic peptides
representing these conserved sequences {(mimetic peptides) were
made, as were peptides predicted to be "complementary" to them,
The basis for design of complementary peptides stems from the
theory of hydropathic anti-complementarity put forth by Blalock
and Smith (14).

At final peptide concentrations in the reaction mixture of S0
and 250uM, none of the “GDD"™ mimetic peptides showed inhibitory
activity. However, when tested at 123CuM, the GUD compound
MedImmune (M) 96-10 exhibited significant inhibitory effect orn
RORP activity (43% inhibiticn), while az this same concentration,
323 complementary hexamers M96-12, -13 and -14, and an unrelated
rexamer (33°2-7) rtad only mincor effects on activity (0-183
irhibition). The "SG" hexamer M96~15 had only a slight inhibitcry
effecrt, even at 1250 uM. However, three SG complementary hexamers
{(M96~16, -17 and -18) all exhibited significant RDRP inhibition at
the high peptide concentration; M96-16 and M36-17 being most
potent (42% inhibition). Analysis of the reaction products
synthesized in the absence or presence of 1250uM M96~10 or M%6-17
on a denaturing formaldehyde-agaroze gel revealed a clear decrease
in the amount of radiclakeled YFV-~specific 11 kb RNA made in the
presence of each of thess peptides.

He are cautious about interpretation of these results since
significant inhibition of RDRP ac:ivity (40-45%) was observed only
at very high peptide concentrations (mM). In attempts to
determine the import cof these observaticns, we have synthesized
additicnal peptides and evaluated them in the cell-derived RDRP
system, Two peptides representing the M36-17 sequence randomized
(M96~21 and -22) exhibited no inhibitory accivity. Evaluation of
peptides in which single alanine substitutions were made for
several of the residues in the M96-17 peptide (compounds M96-33 to
M36-37), in every case resulted in loss of inhibitory activity.

Cf two randomized peptides of M96-10, one (M%6-19) showed no
inhibi%ion, while the other (M96-20) inhibited the reaction to a
similar extent as did M96-10. Deleting either terminal amino acid
(M36-30 and -31), or both terminal amirno acids (M36-23), in
compound M36-10 abrcgated inhibitory activity.

While these are intriguing results, considerable work lies
ahead to validate specific inhibitory activities. Establishment

of additional RDRP-related activity assays will be critical in
this regard.
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Molecular mudeling analyses.

Computaticnal analyses involving the application of dynamics
and minimization techniques have been initiated to jnvestigate the
conformation of these peptides, We are employing the program
"Discover™ (Biosym Technolcgies) using Silicon Graphics (SGD
computers at USAMRIID in collaboration with Maj. Dallas Hack and
the Cray X-MP computer at NCI-FCRF. An extensive dynamics,
annealing, and minimizaticn analysis cf one cyclic hexamer
(compound M96-11) revealed about 50,000 iterations of the process
are required to largely cover all conformational space available
to this peptide. This result indicates for this peptide, there is
a limir to the unique conformational space it can occupy. Data
generated by this procedure were analyzed by three distinct
methods so as to classify each conformer into & conformational
group or family. The first structural characterization method
employed the program RMSfit (Biosym Technologies). RMSfit groups
ceptides having witnin 1 angstrom or less the same average root
mean squared distance between all backbcne atoms of the peptide.
The secend characrerization method used a computer program called

Tc . f t{written by 7.2, Feller and D.L. Hacky . Conf assigns each
resiaque of a peptide a conformational letter code accordirg to the
residin's ghi and ps: dihedral angles. Zonformers having the same
.etter codes for all residues are groured :into & family. The
third characterizat:on method considers predicted secondary

struc

ture trends of each conformer (a-heiix, B-sheet, B-turn).
BioSym Technologies has recently developed a conformational
searching program that rapidly finds the global minimum {(lowest
energy conformation) of small peprides. We are in the process of
testirg this program to see if it can speed up the time of our
ana.yses,

These computiational analyses will form an initial
conformaticnal database for future inhibitor design. At this
tite, on its own, “his database has littie meaning. However, as
we evaluate the bicactivity of peptides in the various replication
assays under develcpment, it Wwill serve as a startingd roint for an
iterative process attempting the correlate predicted peprtide
structural trends with peptide biological finhibitory) activity.

~

danlary apd Jonclusioons

e feel our first year has been a productive and fruittul
one. We are largely on course with our originally proposed year 1
objectives. We have established our study system and have
assembled many of the reagents necessary for future detailed
studies of RNA replication. We believe immunologic re.gents are
Critical tools for these upcoming investigations and have
consequently invested consideraple effort this first year in their
generation. While many of these reagents are now at hand, more
will be required. And so ocur efforts he.e will continue.

A number of YFV protein coding regions have been engineered
into varioua of the surrogate expression syscems. Our progress
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here is beyond our criginal proposed first year objectives of
cloning the NS3 and NS5 gJenes into transcription plasmids. While
many constructs have been made (and more are to follow), their
characterization and utilization was minimal. This next year. we
will begin to exploit these reagents to uncover component
activities associated witn YFV RNA replication.

Cevelopment of on RDRP assay derived from virus-in:-=cted
cells was a principal first year objective. Our progress ic this
area was conslderable, as indicated in this report. An assay that
is specific, reproducible, and readily quantifiable has been
estabiished. The availability of this assay allowed us to
injitjate studies we had not anticipated beginning urtil late in
the second year of this program; that being the evaluation of
ccrpounds for RNA replication inhibitory activitv. Our data
suggest we have synthesized peptide c. .spounds with some inhibitory
activity. And while these results are potentially exciting, we
are skeptical at this stage. Mu_h of our near-term effort will be
~c validate or invalidate the specificity ard selectivity of these
iead ccmpounds, and to (nvestigate their possible mechanisms nf
action. In paralie’ with these niclogizal investigation:, we will
intensify computational aralyses ¢f confurraticnal trends among
ianibitory compounds and their inactive analogs in a effort to
tlenctiiy useful parameters to guide future inhibitor design. We
L0k torwasd to an exciting second year of investigatlions.
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FIGURE 1. Sequence-specific antliserum reagents to YFV prateins.

A. Schematic represeatation of the YFV CORF, indicating the

coding boundaries for each of the viral proteins. B. Synthetic

peptides prepared and used as immunogens. The number following

the protein designation indicates the amino acid position within ? ®
the GRF ¢f the first residue of the respective peptide. The

open bars indicate antisera elicited to the immunogen failed to

recognize the respective YFV protein. Solid bars indicate

useful antisera were generated. C, Regions of the YFV ORF

engineered into E. coli expression wecters. Ip all but one case

(CroNSZ2A), fusion proteins were produced in bacteria harbouring »
~hese vectors. Immunization with these proteins resulted in the

gereration of useful antisera reactive with the authentic YFV

proteins they each represented.
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FISURE 2. YFV-T7 transcription plasmids, The indicated protein
151103 vegizns 0f the YFV CRF were ergineered into transcription
p.asmids downstream of the bactericphage T7 promoter sequence.
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Figure 3
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FIGURE 3. YFV-Reccmbi.wnt baculoviruses. The indicated protein
ceding reg:ions of the YFV CRF were engineered lato baculovirus
transfer vectors (pVL1392) downstream of the polyhedrin promoter
sequence. The shaded constructs were then used to generate
recombinant viruses.
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