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Abstract

Virus-cell interaqtioﬁs and the mechanism of viral entry have beeﬁ thé-'
‘major fbéél ?oiﬁts of this research. A method of analysis waé'perfécted to
investigate the.entry process for herpes- simplex virus. This,techniqﬁel'
'makes use of a photosénéifizing.dye; FiTC, that covalently binds to viral
 énvelope proteiﬁs; Treated virions remaiﬁ phétosensitive'until the
envélope is'shedvduring the;pchesé of iﬁfectioﬁ. -Our4daté strongly
sﬁpport an entry meéhanisﬁ in which the viral envelope fuses with the cell
plasma membfane. Other related projects have-involvgd sﬁudies of the
virucidal propertiés of refinoids, plague development.chéragteristics fo;
viruses surviving treatment with membrane~pe}turber$, aﬁd‘a "lafge plaqueA
»éffect" thét océurs when virus afe platéd on cells pretreatea with uv
 <light.i In addition, we have'chéﬁacterized é.new bacteriophége, inVesti—_
gated the interactions of diﬁaleng cations and proteins with phospholipid:
vesicles, extended our studies éf thé‘effeCts of hydrophobic photosensi:
tizers on cell membrapes, and used the spin-trapping Fééhnique to
B elucidate the reaction meghanism fo? an enzyme-like activity in éoii

“extracts.
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ﬁffdrts in §Ur.laboratory this past'yéar have ‘focused on a number of
different problems in membrane molecular biology, and éeveral.projects have .
been brought to éonclﬁéion; 'A maior accomplishmenﬁ Qas the use of fluorescein
iséthiocyanate-(fITC) plus light tb invesfigate the mechanisﬁ of entry of
herpes simplex viius (HSV) . Other studies WitH.HSViwereApart of our

~

¢continuing efforts to develop effective ahtiviral‘ageﬁts that act by pe:turbihg

-wviral membrane functions. Basic research on the dynamic and structural

characteristics of ‘-membranes, involving electron spin resonance (ESR) studies -
with spin labels, remains an important part of our work, and new uses and
applicétions of this methodology have developed. Additional projects completed

this year include the characterization of a new bacterial virus and an investi-

gation of the effects of acridine plus near-UV light on E. coli.

A. HSV Entry
Forithe most part, the mechanism whereby HSV enters its host cell atlthé
time.of infection -is poorl? understood. Electron,microscopy has provided no

convincing ptoof in support of either membrane fusion or endocytosis as the

mechanism of entry. This technique is employed in experiments where the

multiplicity of infection (MOI) is large, .and it does not distinguish between

infectious and non-infecting virus particles. We developed a new approach

to study the early events in HSV infection using FITC plus light. This photo-

sensitizing dye binds covalently to viral glycoproteins, and induces cross-
linking reactions when the labeled virus are exposed to light. Thus, FITC-

treatéd virions remain light-sensitive until the envelope is lost at some

-stage duiing entry. We carefully'compared the kinetics for loss of light

sensitivity of 'FITC-treated virus with the kinetics for loss of antibody
sensitivity, and found them to be identical. ‘This provides strong evidence

for membrane fusion, rather than endocytosis, as the mechanism ofientry for
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infectious HSV. This work was published in the Proceedings of the National

" Academy of Science and appears as Appendix I of this report.

B. Virucidal Retinoids

In charactérizing the virucidal activity'of different classes of hydro-

ﬁhobic.and'amphipathic molecules, we found that retinoids are among the most

potent virucidal agents in vitro. Retinal in particular is extremely active

against HSV and shows activity against other viruses as well. Some of the

results of this work were presentea at the ASM conference on Current Chemo-
therapy and Infectious Disease, and the publication of these .proceedings isA:

given in Appendix II.

C. Plaque—size~Assay for Antilipid Agents
We have contended for some time now that membrane perturbers may have some

utility as a treatment for infections caused by enveloped viruses. Some of

- the obvious,ad?antages of such agents, in contrast to drugs that interfere

" with viral DNA metabolism, are their lack of mutagenicity (and potential

cardiﬁogenicity)vand;their iesser interference With-host—cell metabolism.

Therefore, it is of general interest to us to have a way to4quickly identify
Vvirucidal agents that may be considered antilipidlfather than antifDNA.' One
meth@d'thatfsths pfomisé is thé analysis' of plaque sizes for4virﬁses that

survive the tréatment. For HSV, we found that viruses which survive treatment

vwith such agents as ether and butylated hydroxytoluene give normal plaque

sizes, whereas the survivors of treatment with ultraviolet light or the

chemical carcinogen AAAF give smaller plagues in comparison. This approach

to the characterization of virucidal agents_was'ﬁublished in the Biophysicalf

Journal (see Appendix'III).
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‘additional studies are underway to further characterize this phenomenon.
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D. Large-plaque Effect
An interesting observation was made in our studies of plague development -
in HSV. We found that UV irradiation.ofjthe host cellé, followed by a 2-day

incubation, resulted in significantly larger plagues when these cells were used

for plating‘HSV. ‘'This phenomenon, which occurs with both UV-irradiated and

unirradiated virus, is referred to as the. large-plaque effect. This initial

‘ discovery was reported in Photpchemist:y and Photobiology (see Appendix-IV);

E. Phospholipid-Divalent Cation Interactions
Last year we reported the development of a new method of analysis for

detéctihg and quantifying the interactions of‘divalent cations with biological

" moieties. This technique was based on the fact that pafamagnetic ions’

broaden spin-label absorption lines, and our diséovery that the extent of
broadening is reduced when the ion forms .a chelate or complex with organic. -
ligand sites. We completea a study this year in which this method was‘used

to investigate interactions that occur between divalent cations and proteins

at phospholipid vesicle surfaces. By competition analysis, several cations
were ordered with:regard to the strength of their binding to vesicles.

”Different proteins were found to compete to different degrees for surface -

binding sites. Some evidence was found for protein—induced'aggregation of
negative phospholipid species in the membrane bilayer. Appendix V gives a

full account of the results of this study.

F. -Characteristics qf Bacteriophagé Psp23la

In many'qf our séudies on antiviral agents, we used the gnveioped bacterio-
phage g6 as a éonvenient modei for detecting'and characterizing virucidai
activity. As a control vifﬁs, wé‘also ﬁéed the non;lipid—céntaining ﬁacterig_
phage Psp23la (formerly designatéd‘¢23—l-a). This virus.infeéts the same ﬁost

cell as does ¢g6, but is insensitive to organic solvents and membrane perturbers.
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Psp231a waS‘prov}ded £o us by Aﬁne”yidéver, 5ut:nothing QasAknoWn about.it.
except a few serological details. We uﬁdeftook‘a thorough charéétefization
of Psp231a in Ordér to have a better underétanéing of itS<ﬁsefuiness iﬁ our
sthdies; This work was'published in therJoufnal of Virology.and is included

as Appendix VI of this report.

G. Effects of Acridine plus Near-UV Light on E. coli

Acridine is'é hydrophobic phoﬁosensitizer that partitioﬁsnstréngly into
the érganic phase of .aqueous-organic two—phase.systems."WeIféund eariie?
that'acridine'plgs ﬁéarfUV'light iS'extfémely‘éffé;tivé at inactivatingv
lipid-containing 'viruses such as HSV and ¢6 but is comparaéively ineffec-
tivé against ndn-liéid vi;uses. This vear a étudy was ccmpletéd~of the
effects of acridine plus near—UV'lightAon.E, coli. “The démage resulting
 £roﬁ this tfeatment~appears‘to involve‘both cellular membranes and DNA. An
‘interesting observation was thé£ cells can recover fraﬁ'sublethal doses of |
acridine plus near-UV light, and this recovery most likely is due to the
repair of damaged mémbfanes (see Appéndix V;I).» Further studies on ghis

problem are in progress.

H. Spin-trapping of Soil Radicals

We cqntinue‘to cbllébofate with other 1aboratoriés‘on projécts.where our
spin-label éééhnology can be of'value. One éroject which was complete@ this»
year was agstudy'of free radicals pfoduced in:a reaction mixtﬁre involving
a sqil'extract.- We use the épin-t;appihd method to stabilize and identify
ghe radical inﬁermediate involved.: This Qorkﬂhas sign;ficanceAwith regard
to.ﬁhe mechanisms whéreby soil humus is formed by bio;ogical enzymic'bdmponents.\

The publication of this work éppears in‘Appendix VIII.
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Personnel on Project:-

. ‘ ‘ % time

W. Snipes, Principal Investigator _ .10
N. DéLuca, Qféddéte Student S ' 50
R Wagner;‘Gfaduate'Student . ’ 25'
K. Léng,'Laboratory Hélper i- o 20
G. Froﬁko, Labofatory Helper Qo 20
T. Schhartz,ALabora£ory'ﬁelper - '; 20
‘D. Witters, Dish&aéher - 4 o 20

J. Sands, Visiting Professor . ' 20
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