
IT N
V AD AOb1 Ofl ALABA MA (PItY ZN BIRIUIIeHAM F/S 6/13

GENETIC AND MOI.EC(LAR STUD I ES OF THE PHLEBOTO*SS FEVER GROUP OF—ETC ( U )
AUG 78 D H BISHO P DA1C17 78C—eO 17

UNCLASSIFIED Pt

_ fl



~
...— ‘W~~~. -. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- ~U~III~

,
~~~~~~~ .—.“•-- -—...,——— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-
~~ ~~~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~

~ LEVEL~ 
‘

1
REPORT NUMBER 1 -

GENETIC AND MOLECULAR STUDIES OF THE PHLEBOTOMUS FEVER
GROUP OF VIRUSES

ANNUAL REPORT

DR. DAVID H. L. BISHOP

AUGUST 1978

H
Supported by

U. S. ARMY MEDICAL RESEARCH AND
DEVELOPMENT COMMAND

Fort Detrick , Frederick , Mary l and 21701

w
-J
—

Contract No. DAMD-17-78-C-8017

Un iversit of Ala bama ID ED C
Birmingham ,’

~
’
Alabama 35294 f~\1~.f~)i?flh1fl[~ II~U NOV 13 t9TB

DOC DISTR IBUTION STATEMENT —i~~j u i~ Jc~1 
B

Approved for public release;
• distribution unlimited

Findings in this report are not to be construed as an
official Department of the Army position unless so designated

by other authorized documents

78 ii 03 00 ’



—- ..~~ —,-.- --“ 
..-‘,.- ~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~ 

~~-~~~~~~~~~~~~~~ -v ~~~~~~~~~~~~~~~~~~~~~ . ~~ _,.—,

~~~~— ~— — 
______ 

~~~~~~~~~~~~~~~~~ ~~~~~~

ii ~ Ci. &‘~S l t U•  ~~1 ION o l ~ $I~ PA(.( (W ~~~.. 1’.i• ~~~~~~~~

REPORT DOCU j 1 (~ .A~~ ____

1 

1 ~~~~~~~~~~~~~~ 
/4?

tNT
~~~~~
f 

V’~IiLN

I ~~ ~~‘—~~~~~~~ “w I T Y P E  or $I 4 RiOD COVERE D

jENE IIC AND MOLEC UIAR .$TUDIES OF THE PHLEROTOMUS/ Annual Report
FEVER ~ROUP bF V1R (ISES~. 2/1/78 - 8/31/78

_____________________________________________________ •. p 7opM7wc, ORG. REPORT NUM~~(R 

_ _ _  _ _ _ _ _ _ _-

~~~~ 

_ _

DR /DAVID H. 1/4ISHQP / ~~~~~~~~~~ LD~~
37_ 78

~
_8dhlL

~
,

I. PLRr O RM,wG ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ D A D U  ~Q p ( l~~ .4 L . tMENT. PROJECT . TASK
A R E A  S W OR K UNI T N EMS

University of Alabama /
Birmlng ha~~ A labama 35294 

_ _ _  
_ _ _ _

I t .  CONTROLLIN G OFFICE NAME AND ADD RESS ii

US Army Medical Research and Development Co ~~~~ 

~~~~~~~~~~~~~Fort Detrick , Freder i ck, Maryland 21701
14. 

~~~~~ j ToRlNC AGENCY NAME I ADDRESS(tt dS tS., ,, ~~~~ con ~~~~~~~~~~ II. S E C UR I T Y  CLASS (.5 th Is ,.po,
~) 

- —

7.2 ~ UNCLAS SIFIED
I 1i. DECLASSIF ICA Ü~~~7 N G ~~ADIN G

SC,4EOULL

~S. OI$T RI•UTION S T A T E M E N T  (.5 th Is R.pori) 
—

Approved for public release; distribution unlimited.

I?. DISTRISuT ~OP S T A T E M E N T  (.5 h. abstra ct onI.r.~~isi al.ck 20, II ditf.,w,t from R.p .rt)

II. SUPPLEMENTARY NOTES

I,. K EY WO RDS (Continu. on rsr.r •a .lda Sl n.c.s.a,y wd id.nlii~ b~ bloc S, numb.?) 
—

Virus vaccines
Phlebotomu~ fever v iruses
Genetic Recombination
Virus anti gen

A~~~TRAC 1 ~~~~~~~~ aSEo ff r,.c..a wy ~~~ Sd.ntity by bloc k numb.~)

The reporting period represents 6 months since the incep tion of this
project. During this time we have directed our efforts in two ma in direct ions ~ ‘# . S

which relate directly to the objectives of the contract , which Is to determine
the recombinatio n potential of the Phiebotomus fever~group viruses . These
two directions4are (1) the sel ection of viruses and temperature limits for
genetic recomb~hat .1on anal yses , and (2) characterization of the major elements
of selected viruses at the molecular level .~~continued on hack)
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1. W ith regard to the first direct ion , for all the v iruses we have on
hand , we are in vestigating the temperature ranges for pla que assays and
optima l pla ting conditions . These studies are sti ll in progress. ~

2~~~J1th regard to the second direction , with Kar imabad , Punts Toro,
Chagres and the Sicilian sandfl ,y fever virus , we have characterized to
some extent their genomes and virion proteins . All four viruses have tri-
partite RNA genomes , For Karamabad and Punts Toro viruses , we have shown
that their three viral RNA spec ies (large , 1, medium , N, and small , S) have
uni que oli gonucleo tide fingerprints . A ll four viruses have two or three
major v i ral polypeptides , one or two of which are gl ycoproteins (Gi and G2),
whil e the third is not glycosyated . El ectron m icroscopic evidence Indicates
that the virus particles are spher ical and enveloped with an outer l ayer of
sur face spikes .
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I. SUMMARY

The reporting period represents 6 months since the inception of
this project. During this time we have directed our efforts in two main
directions which relate directly to the objectives of the contract ,
which is to determine the recomb ination potential of the Phlebotomus
fever group viruses . These two directions are (1) the selection of
viruses and temperature limits for genetic recombination analyses , and
(2) characterization of the major elements of selected viruses at the
molecul ar level .

1. With regard to the first direction , for all the viruses we have
on hand , we are investigating the temperature ranges for plaque assays
and optimal plating conditions . These studies are still in progress.

2. With regard to the second direction , with Karima bad , Punta
Toro , Chagres and the Sicilian sandfly fever virus , we have character ized
to some extent their genomes and vir ion proteins. A ll four viruses have
tripartite RNA genomes . For Karimabad and Punta Toro viruses , we have
shown that their three vira l RNA species (large , 1, medium , M, and
small , s ,) have unique oli gonucleot ide fingerprints. All four viruses
have two or three major viral polypeptides , one or two of which are
glycoproteins (Gi and G2), while the third Is not glycosyated . Electron
microscopic evidence indicates that the virus particles are spherical
and enveloped with an outer layer of surface spikes.
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II. REPORT

A In troduction.

The objectives of this report are to determine the genetic
capac ity of Phlebotomus fever group viruses and the implications
of forming new Phiebotomus fever virus genotypes. Since members of
this group of viruses cause Illnesses In epidemic proportions and
therefore are of military significance , our objectives relate to the
question of deriving vaccine strains of viruses which will be
useful in protecting military and civilian personnel against virus
infect Ions.

To real ize these objectives we aim to develop genetic tools in
the form of temperature sensitive mutants of particular member
v i ruses , and use these in mixed virus infections to produce new
virus genotypes presumably by RNA segment reassortment (Gentsch &
Bishop, 1976; Gentsch, et ~~~ 197?b). By knowing the RNA segment
codin g ass i gnments, we wfflThe able to produce custom genotypes
containing particular genetic information and gene products. Such
genotypes will eventually be tested for their vaccine capabilities
in model an imal systems, and If effec ti ve, similar procedures to
der ive reassor tant v i ruses w ill be used in clean cell systems in
order to obtain virus vaccines that can be used to Ininunize man.

This report therefore includes both anal yses of the genetic
potential of selected Phelbotomus fever group viruses , and initial
mo lecular studies to characterize the viral genomic RNA spec ies and
their gene products.

1. Genetic studies.

We have rece i ved from WRA IR , cloned virus samples of the
following viruses belonging to the Phiebotomus fever serogroup:
Candi ru, Chagres , Itaporanga, Karimabad , Nap les sandfly fever
v irus, Punta Toro, and two isolates of the Sicilian sandfly
fever virus. In addition we have received from Dr. R. Shope,
Ico arac i v i rus, as wel l as other stocks of the above viruses.

Eac h v i rus has been passa ged in Vero cells to produce
working stocks and titered in Vero cel~s, giving stock virus
titers (Table 1) rgng ing from 4.3 x 10 (Naples sandfly fever
virus) to 5.3 x 10 (Punta Toro).

A variety of plaquing conditions are being investigated
for the viruses listed In Table 1. The procedures used to
plaque Phlebotomus fever group viruses on Vero cells , although
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useful at 35°C, result in cell death when the incubation temp-
erature is raised to 39.80C. The agent responsibl e for cel l
death appears to be the DEAE dextran which is included in the
overlay med i8m. In our hands its Inclusion is only marg inally
usefu l at 35 C. Without DEAE dextran0the ce l l monolayer
remains alive at least 7 days at 39.8 C.

Plaque assays at various temperatures are being run to
define the plaqu ing capabilities of the viruses and thereby
select a nonperm issive temperature for genetic studies . Such
assays are being run on (1) original virus stocks and (2) high
temperature passaged virus stocks, in case the ori gi nal v i rus
stocks represent temperature-sensitive (ts) mutants of an
earlier wild type virus. These studies are in progress and
not yet compl ete. Two interm6dlate results are that all the
v i ruses produce0plaques at 35 C and 38 C, but do0not give
plaques at 39.8 C. For Punts Tot’8 virus , a 39.~ C p8ssagedvirus stock gives plaques at 39.8 C wi th a 39.8 C/35 C E.O.P.
of 0.3. We0are curren~ly Investigating intermediate temperatures
(between 38 C and 39.8 C) for a suitabl e non-permissive
temperatures for ts mutants (but permissive for the orig inal
wild-type virus stocks).

rs.91X 1
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2. Biochemical studies.

We have made considerabl e progress In defining the genome
and virton polypeptides of several Phlebotomus fever group
viruses . The results are summarized below.

a. Karimabad (K.AR) virus.

(1) Viral RNA.

When the viral RNA is extracted from
label ed Karimabad virus preparations and resolved by
SDS-sucrose gradient centrifugation , three peaks of
radioactivity are resolved . The resolution obta ined
Is shown in Fig. 1. For conven ience the three RNA
species are designated large (1). medium (M) and
small (S).

Punto Toro

Kori mo bod 
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Fig. 1. SDS sucrose gradient centrifugation of
KAR and PT viral RNA .

After recovery of the indiv idual viral RNA
species and digestion with ribonuclease T1, the
resulting oli gonucleotides have been resolved by two
dim ensional polyacrylamide gel electrophoresis as
described by Clewley, et al., 1977. The finger-
prints obtained are shown in Fig. 2. They indicate
that the three KAR viral RNA species each have
un i que and di sti nguis hable nucleotid e sequences, - 

-

suggesting that they code for different gene
products.
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Fi g. 2. D1I gonuc)eotide fingerprint analyses of KAR and
PT L, M , and S viral RNA species.

In order to obtain size estimates of the ~~, M, and S
viral RNA species of KAR virus , aliquots of a H urid ine
label ed KAR vira l3~NA preparation have been 

coelectrophoresed
with aliquots of P label ed BHK ribosomal RNA . The
results are shown in Fig. 3.

Ko rimobod RNA ønd~~p BHK iRNA
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O.,Ior.c, Mo.~ d It .,. )

Fi g. 3. Coelectrophoresis of 3H KAR viral RNA with
BHK ribosomal 28S and 18S RNA. The 1, M and S RNA species
of KAR virus are indicated .
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A similar coelectropho~~sis of urldine
labeled KAR viral RNA with P labeled viral RNA of
snowshoe hare (SSH) virus (Fi g.4), indicate s that the 1,
P1 and S RNA species of KAR virus have appa~ent molecu lar
wei ghts of 2.5 xlO , 2.1 xl0 and 0.65 xlO respective ly.

101.

•5._~~

.51
)w I

-

~

a a S
D., .”c, M,.~~ Itff i )

Fig. 4. Coelectrophoresis of 3H KAR viral RNA and 32P
labeled SSH viral RNA species .

In summ ary, these analyses indicate that KAR virus
has a tripartite genome with unique nucleotide sequences
tot’ all three RNA segments . The apparent mol ecular
wei ghts of the three viral RNA species are si gnificantly
different from those of other bunyaviruses (Gentsch , et
al , 1977a).

KAR v i ral polypeptides.

When a 3H leucine labeled virus preparation of KAR
virus i~4coelectrophoresed under 

non-reducin g conditio ns
with a C amino acid preparation of SSH virus , at least
three major viral polypeptides are resolved (Fi g. 5).
They have ~pparent mol ecular wei ghts of 100 xlO , 

75 xlO
and 24 xl0 . 2

3p4 A

Cpm I0~ Cpm ~ IO~

N

61

“c A t
.\SI~L~ 1~

tlolonc, Me.,d IC m )

Fi g. 5. Coelectrophoresis of 3H KAR and 14 C SSH v i ral
polypeptide s .
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Pol~acry1am ide gel ele~~rophoresis of non
reduced H-glucosamine and C-amino acid labeled KAR
virus preparations indicates that the largest two vira l
polypeptides are glycosy1a~ed (F9. 6). The largest
glycoprotein has a hi gher H to C ratio than the smaller
glycoprotei n.

5$
I

IS IS

5$
Cpm ~ C7~ Cpm i I0~

10 10
PV C
Ii
S I

I II —

II
II

I

D i t or.c, Mo.,d~ cm )

Fi g. 6. 3H-glucosamine and 14C-amino acid labeled non-
reduced KAR polypeptides.

After treatment with 1% mercaptoethanol , a singl e
glycosamine polypept ide band is obtained (Fi g. 7).
Whether a minor band in the region of the small molecu lar
weight unglycosylated polypeptide is enhanced after
reduction of the viral polypeptides is not certain. This
is currently being investiqated .

• 1 5

“ C
Cpm ~~~~ ~ 2C Cprn s l0~

10 . 10
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;~

‘
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5

14 1

~~,j
5 10

Dislo nce Mov ed (c m )

Fig. 7. 3H-glucosamine and 14 C-amirio acid labeled reduced
KAR polypeptides .
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(i i i ) Electron rni r sco~,y of KAR v irus particles.

Electron micrographs of negat ively stained
purified KAR virus particles are shown in Fi g. 8.
For these preparations the virus was purified throug h
two suc cessive glycero l-tar trate gradients and
dialysed against 0.01 M tris buffer , pH 7.2. Many
of the virus particles (‘~ 

9Onm diameter) were found
clumped together.
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Fig. 8. Electron micrograp hs of negativel y stained
KAR virus preparation.

b . Punta Toro (PT) virus.

(i) Viral RNA s,pecies .

Resolut ion of the viral RNA extracted from
labele d PT virus preparations by sucrose gradient
centrifugation has given 3 peaks of radioa ctivity
correspond ing to a large (1), medium (P1) and small
(S) RNA species (Fig. 1). The L,M, and S RNA ol i go-
nucleotide fingerprints of PT virus have been obtained .
They are clearl y unique and differ from those of KAR
or other bunyaviruses we have anal ysed. Agai n the
anal yses of PT RNA species indicates that each type of
RNA has a unique nucleot ide sequence.
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Coe lectr Sphoresis of 3H ur idine labeled PT viral RNA

~~ecies with P labeled BHK ribosomal RNA (Fig. 9), or
P label ed SSH viral RNA (Fi g. 10), indicates that the

1, P1 and S RNA speg ies of PT vlrgs have apparent ~olecular -
‘

wei ghts of 2.5 xlO (1). 1.5 xlO (H) and 0.6 xlO (S).
These values are not only si gnifi gantly different from
those of SSH, but also different from those of KAR virus.

3H Punlo Toqo RNA ond ~~P BPIK ,RNA

I. SI

3 ‘5

S

I. S
a

2 a
5$ t

CpmsIO 5 Cpn~iIO 5

714
I I l  S

I f ,  ~ .L.~
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[h
__ . 

•~ . ~~ ~... . . .
~ ~ - tA

4
C - s ’ . ’.~ Mi...d S c m )

Fi g. 9. Coelectrop hore~i~ of 
3H KAR viral RNA with

BHK 28S and 18S ribosoma l RNA species .
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5$ 31p
Cpn i  tO~

2 - 2
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FIg. 10. Coel ectrophoresis of 3H KAR viral RNA with
SSH viral RNA species . -
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Viral pol,y,peptides.

Polyacrylami de gel electrophoresis of PT
viral polypeptides on 8% polyacrylamlde gels indica tes
that there are 3 major viral polypeptides (Fi g. 6). No
analyses have been undertaken on the reduced as opposed
to non-reduced forms of the viral polypeptldes.

P0- .

3H
Cpm s IO~

61

5

LA~1811
A~~6a 44

2 4 6
Disl on ce Moved (cm )

Fig. 11. Polyacrylamide gel electrophoresis of 3H-
leucine label ed PT viral polypeptides.

Chagres (CHG) virus.

Viral RNA species.

Sucrose gradient centrifugation of
label ed CHG viral RNA extracts have identifi ed 3 majo
viral RNA species (Fig. 12). No other analyses have been
under taken.

S
Cho g res

8 •

3lP . 
. I3Cpm itO

L M  a

~~~~‘

I
~A~~a6~~ I

FIg. 12. Sucrose grad ient centrifugation of CHG viral RNA
species.
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V i ral_ po11p~~j~j.

~hree major polypeptides have been identifiedfrom H leucine label ed CHG virus preparations
(li g.l3). No further analyses have been performed .

A

2 

~~ 

A~~~

- I I
~ i~~~ A ~~~ A A A A

Fig. 13. ~H l eucine CHG viral polypeptides resolvedby polyacryl amide gel electrophoresis.

Sicili an sandi!y fever (SFSj virus.

Viral RNA species.

32Resolution by SDS sucrose gradient centrifugationof P label ed SFS viral preparations have ide ntifi ed
a large (L). medium (H) and small (S) viral RNA
species (Fig. 12). No further analyses have yet
been performed.

Viral polypeptides.

Three major polypeptides have been resolved in
H leuci ne labeled SFS virus preparations (Fig. 14).

No further analyses have been performed.
3H

Cpm s PO~

6 11 
A

Dislonce Moved (c m )

Fi g. 14. 3H-leucine SFS viral polypept ides resolved
by polyacrylamide gel electrophoresis.
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No analyses of the RNA or virion polypeptides of
these viruses have yet been undertaken.

B. Summa ry o f P r ~~~e’~s~~~port.

The analyses undertaken In the ini t ial 6 months of this
contract have establ i shed that the Phiebotomus fever v i ruses so
far analysed have tripartite RNA genomes . A segmented genotne is a
prerequisite for genetic reassortment.

The viral polypeptides of some Phiebotomus fever viruses are
being Investigated In order to eventually determine the RNA segment
coding functions . Although the analyses are incomplete at this
stage, it should be possibl e to determine both the location and
interrelat ionships of the major viral polypeptides .
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