University of Windsor

Scholarship at UWindsor

Electronic Theses and Dissertations Theses, Dissertations, and Major Papers

1985

Analysis of influenza a virus polypeptides by limited proteolysis in
SDS-polyacrylamide gels.

Mark Andrew. Parrington
University of Windsor

Follow this and additional works at: https://scholar.uwindsor.ca/etd

Recommended Citation

Parrington, Mark Andrew., "Analysis of influenza a virus polypeptides by limited proteolysis in SDS-
polyacrylamide gels." (1985). Electronic Theses and Dissertations. 1169.
https://scholar.uwindsor.ca/etd/1169

This online database contains the full-text of PhD dissertations and Masters’ theses of University of Windsor
students from 1954 forward. These documents are made available for personal study and research purposes only,
in accordance with the Canadian Copyright Act and the Creative Commons license—CC BY-NC-ND (Attribution,
Non-Commercial, No Derivative Works). Under this license, works must always be attributed to the copyright holder
(original author), cannot be used for any commercial purposes, and may not be altered. Any other use would
require the permission of the copyright holder. Students may inquire about withdrawing their dissertation and/or
thesis from this database. For additional inquiries, please contact the repository administrator via email
(scholarship@uwindsor.ca) or by telephone at 519-253-3000ext. 3208.


https://scholar.uwindsor.ca/
https://scholar.uwindsor.ca/etd
https://scholar.uwindsor.ca/theses-dissertations-major-papers
https://scholar.uwindsor.ca/etd?utm_source=scholar.uwindsor.ca%2Fetd%2F1169&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholar.uwindsor.ca/etd/1169?utm_source=scholar.uwindsor.ca%2Fetd%2F1169&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarship@uwindsor.ca

CANADIAN THESES ON MICROFICHE

o ' ~

THESES CANADIENNES SUR MICROFICHE

el

l* National Library of Canada
) Collet_:tions Development Branch

Canadian Theses on

Microfiche Service suf microfiche

Otlawa, Canada
K1A ON4

NOTICE

The quality of this microfiche is heavily dependent upon the
quality of the original thesis submitted for microfilming. Every
effort has been made to ensure the highest quality of reproduc-
tion possible. . A

If pages are missing, contact the university which granted the
tegres.

Some pages may have indistinct print especially if the original

Pages were typed with a poor typewriter ribbon or it the univer-

sity sent us an inferior photocopy.

t .r

Pgaviously copyrighted materials (journal articles, pub[lshed
ﬁ,tests etc.) are not filmed. .

heproduction in full or in part of this film is governed by the
Canadian Copyright Act, R.S.C. 1970, ¢. C-30. Please read
the authorization forms which accompany this thesis.

* THIS DISSERTATION -
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

NL 330 {r.'85/00)

gibliothéque nationale du Canada
Direction du développement des col!eclions

Service des théses canadiennes

AVIS

La qualité de cette microfiche dépend grandement de la qualité -
de la thésa soumise au'microfilmage. Nous avons tout fait pour
assurer une qualité supérieure de rdproduction.

S'il manque des pages, veuillez communlquer avec I'univer-
sité qui a conféré le grade

La qualité d'impression de certaines pages peut lalsser a
désirer, surtout si les pages originales ont été dactylographides
& t'aide d'un ruban usé ou si l'université nous a falt parvenir
une photocopie de qualité inférieure.

Les documents qui font déja Fobjet d'un droit d'auteur (articles
de revue, examens publiés, etc.) ne sont pas microfilmeés.

La reproduction, méme partielle, de ce microfilm est soumise
4 la Loi canadienne sur le droit d’auteur, SRC 1970, c. C-30.
Veuillez prendre connalssance des tormulas d' autodsaﬁon qui
accompagnent cette thége. .

~ LA THESE A ETE
MICROFILMEE TELLE QUE
NOUS L'AVONS REGUE

Canadi



ANALYSIS OF INFLUENZA A VIRUS POLYPEPTIDES BY LIMITED
 PROTEOLYSIS IN SDS-POLYACRYLAMIDE GELS

.

$
by

‘Mark Andrew Parrington ®

. . A Thesis
Submitted to the Faculty of Graduate Studies through the
Department of.Biology in Partial Fulfillment
of the Requirements for the Degree of
Master of Science at the
University of Windsor

/-

WINDSOR, ONTARIO, CANADA

~

1985



.

(c)

Mark Andrew Parrington

All Rights Reserved




S

DEDICATION

To my father G. E. Parringggn

iv



ABSTRACT.

» ANALYSIS OF INFLUENZA A VIRUS POLYPEPTIDES BY_LIMITEﬁ
‘ PROTEOLYSIS IN SDS-POLYACRYLAMIDE GELS,
o by

Mark Andrew Parrington

Purified influenza A viruses, A/PR}8/34 (HLNL),
A/FM/1/47 (HLN1), A/USSR/90/77 (HLN1), A/Singapore/l/S?
(H2N2), and A/Hong kong/8/68 (H3N2), digruptedupnder
'reducing and non—reduciﬁg conditions were sub jected ta‘f
electrophoresis in SDS-polyacrylamide gels. Only the
surface glycoprotein hemagglutinin (HA) and two internal
polypeptides, the nucleoprotein (NP) and matrix protein
(M) were isolated gor study. Such gel-isolated polypeptides‘
were subjected to iimiteﬁ proteolysis in SDS—polyacrylamidé
' géls (14%) using the techniqué'describéd by Cleveland et
al., (1977). Of the proteases studied, subtilisin, pronase
P, and progeinase K were thé most effective in hydrolyzing
virus polypeptides. Hydrolysis fragments generated by the
digestion of the M‘polygepéide were similar regardless of —
the virus used. Whereas the HA and NP polypeptides yielded
diffefen; digestion ﬁatterns for each virus tested. From
the results it appears that comparison of polypeﬁtides\
digestion patterns is a simple alternative method for

identifying alterations in influenza polypeptides between

and within subtypes.
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INTRODUCTION

Influenza has plagued hu hns for centuries and has been
described as an unvamying disease caused by a varying virus
(Kilbourne, 1975). It frequently éffecté 1érge portions of
the populaticn fegardless,of age or previous infection
history and remains today as a poorly controlled'disease
despite the fact that the infectious agent,‘influepza virus
was first isolated 50 years ago (Beveridge, 1977).

Influenza viruses are members of the orthomyxovirus
fﬁmily of RNA\vi;uses. They possess an internal helical
ribonucleoprotein, which is surrounded. by an inner protein
matrix and an outer lipo—brotein'envelopé (Compané'gg al.,
1972). The influenza virus genome is composed,of.eight
segmenté of negatlve, single-stranded RNA (Palese,‘l977f:
“Influenza particles which are highly pleomorphic can be
1dent1f1ed in electron mlcrographs by the presence of surf;ce
glycoproteln splkes. These hemagglutinins and neuramlnidases‘
pro;ect from the lipid bilayer of the envelope to form the
‘characterlstlc frlnge (Rott, 1977).

Influenza viruses are divided iﬁéo three antigenic
types A, B and C. The types are separated according to‘the
naturé of their inéernai ribondcleoprotein (NP) antigen
whicthoés not cross—react between types (Assaad et al.,
1979). To date all virus strains asggzlated with pandemic

influenza have been influénza A viruses isdlated from animals,

birds ‘and humfns (Ward, 1981). On the basis of the antigenic

<
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character of the surface glycoproteins, hemagglutlnln (HA)
and neﬁraminidase (N), influenza A viruses are cla551f1ed
into different subtypes. Both glycoproteins have the ability
to undergo extensive antigenic variation (Laver, 1978).

Two types of antigenic variation recognized are antigenic
drift and shift. The former type is caused by a number of
successive random point mutations in the hemagglutinin gene
which lead to minor changes in the primary amino acid

sequence of the hemagglutinin polypeptide (Laver and- Webster,

.1968). Such antigenic drifting also occurs in the neuraminidase

polypeptide. The evolutidn of new unrelated iﬁfluenza A
strains are the rgs%ié of antigenic shift. Apparently the
shift process lS fapd%y@aﬁed by genetic recombination j
between 1nf1uenza siralns which infect animals, birds or
humans producing progeny (Laver and Webster, 1973). Over a
period of time through aﬁtigenic drifting and shifting,
variants are conséantly evolving which have characteristic
hemagglutinin and neuraminidase polypeptides. Webster andr\}
Bean (1978) suggested that variation is not only associated
with v1ral genes coding for H and N surface antigens, but
changes also occur in other genes controlling virulence and
transmissibility of influenza viruses. -Influenza A viruses
are recognized on the antlgenlc basis of thelr hemagglutinins
and neuraminidases. Antigenic variation occurs mainly within

influenza viruses classified as type A, three ma jor subtypes

affecting man are HINL, H2N2 and H3N2 (Assaéd'gg al., 1980).



Isoléted hemagglgtinin spikes are composed of three
hemagglufinin molecules (Wiley et al., 1977; Wilson EE-El's
1980,’1981). Eéch hemagglutinin monomer consists .of two
smaller polyp;ptide'chains HAl and HA2 (Lazarow;tz et al.,
1971; Klenk et al., 1972: Skehel, 1972) which gre held
together by disulfide bonds (Laver, 1971).

in 197§ the World Health Organization.(Assaad et gl.,.

) suggested that subtype relationships betqfen_influenza
A vifruses might be based.on the stability of the hemagglutinin
polypeptide to physical and chemical agents, including
prbteases. This suggestion initiated the following
biochemical study to' evaluate the enzyme susceptibility of
structural proteins of influenza A strains. Initially the
effect of mercaptoethanol, SDS and sevefal proteases on
polypeptides of the influenza PR strain was examined in SDS-
polyacrglamide gels. an; proteases were.fouﬁd that

hydrolyze the HA, M and NP influenza polypeptides; protealytic
digestion patterns oﬁ these polypeptides from severél
influénzégreference strains were compared in gels. By these

studies possible correlations between digestion ‘patterns

obtained with specific¢ influenza subtypes could be investigated.



MATERIALS AND METHODS

Viruses _ _ .

Influenza virus strains A/PR/8/34 (HLNLl), A[FM/1/47

" (HINL), A/USSR/90/77 (HLNL), A/Singapore/l/g5 {(H2N2)., and
A/Hong Kong/8/68 (H3N2) were provided by D. A. McLeod,.
Laboratory Centre for Disease Contrql, Ottawa, Canada.
These strains were grown for 48 hours at 34°C in 10-day old
embryonated eggs inoculated allantoic!fi; (Rovozzo and
Burke, 1973) with an input of 0.8 to 2.6 hemagglutination
(HA) units of virus. After 48 hours of incubation, all
'yirus—infected eggs were refrigerated at 40C ovérnight.
Allantoic fluids were clarified by centrifugation at 3,b00
xg for 10 minutes at 4°c. To pellet viruses, infectious
allantoic fluids were centrifuged for 1 hour at 65,000 xg ‘
( Beckman Model L2-65B; rotor 60Ti).-:The sedimented viruses

were then resuspended in Dulbecco's (1954) phosphate

buffered saline (PBS) (minus Ca++ and Mg++ salts}).

Virus Purification

The PR and FM strainms of influenza viruses were purified
by rate zonal ceﬁtrifdgation in"prefbrmed discontinuous
gradient columns of sucrose in PBS. Viruses were spun at
40,000 xg for 1.5 hours in a Beckman Sw41>r0tof; Opalescent
bands ha;vested from the 32.5 - 37.5% zone were recentrifuged

"

through a 2-step 10 - 20% sucrose gradient. The virus

1

b



pellet was then resuspended in a smail volume of PBS.

- Singapore énd Hong Kong strains were purified sihilarly.
However, virus bands were removedlfjpm the 30 - 37.5%
sucrose zone of cenérifuged gradienﬁ tubes. Similar
centrifugation conditions were used to purify concentrated
virus samples of USSR except that the preformed discontinuous
gradiént celumns had a sucrose cusﬁion of 45%. In ¢omparison
to other virus harvests, USSR virus particles wereﬁrecovered

A}
as a pellet rather than as a virus band.

Virus Envelope Extraction

To extract the'envelope :>btein§, 200 ul of purified
virus sample (200 ug of'proteih) was mixed with an equal
volume of 37 Triton X-100 prepared in flu buffer (IBO mM NaCl,
10 mM Tris, l.mM EDTA, pH 7.6). This mixture was layered on |
a cushion of 10% (w/v) sucrose in flu buffer containing 2%
Triton X-100. Centrifugation was carried out in’'a Beckman
SW41 rotor at 90,000 xg for 1.5 hours at 4°C. The material
that remained on top of the sucrose cushion was removed and

kept at 4OC, until examined by sodium dodecyl sulfate

polyacrylamide gel electrophoresis (SDS -. PAGE).
7

Hemagglutination (HA) Assay

The hemagglutinating activity of influenza viruses was

determined with rooster red blood cells by the method of

Palmer EE al., (1975).



Protein Assay

All protein determinations were assayed by the Bradford

(1976) procedure with bovine serum albumin as standard.

Chemicals

Acrylamidé,,bis crosslinker, N,N,N',N'-tetramethylethylene
diamine (TEMED), ammonium persulfate,lsodium dodecyl sulfate
(SDS}, mercaptoethanol, Coomassie brilliant blue (R-250),
low and high molecular weight sgahdard kits for SDS-PAGE, and
Triton X-100 were purchased from Richmond, California;
trypsin (EC 3.4.21.4) (2X crystalline) from bovine pancreas,
subtilisin Carlsberg (EC 3.4.21.14) from a strain of

Bacillus subtilis, proteinase K (EC 3.4.21.14) from

Tritirachium album, pronase P (type V1) from Streptomyces

griseus, Aspergillus acid proteinase (EC 3.4.23.6) from .

Aspergillus saitoi, alpha-chymotrypsin (EC 3.4.21.1) from

bovine pancreas, carboxypeptidase B (EC 3.4.17.2) from

. porcine pancreas, and alpha-lactalbumin from bovine milk

were purchased from Sigma Chemical Co., St. Lous, Mo.;
cathepsin C (EC 3.4.14.1) from beef spleen, bromelain

{EC 3.4.22.4) from Ananas sativus, and ficin (EC 3.4.22.3)

from Ficus carica were obtained from Boehringer Mannheim, -

West Germany; Tris (hydoxymethyl) methylamine, sucrose
{special densit& gradient grade), giycine, methanol,
hydrochloric acid, glacial acetic acid, sodium‘dihydrogen
orthophosphéfe (monobasic), and disodium hydrogen

orthophosphate (dibasic} from BDH Chemicals, Toronto,



N

Ontario, Canada; Tris-HCl, citric acid (monohydrate), and
disodium ethylenediamine tetraacetate (EDTA) from Fisher
Scientific Co., Fair Lawn, New Jersey; endoglycosidase-D

(endo-D) from Diplococcus pneumoniae and endoglycosidase-H

(endo-H) from Escherichia coli obtained from Miles Scientifig

Co., Naperville, Il.

Glycosidase Treatment of Glycopeptides

m—

PR influenza virus (565 ug of protein) was suspended in
300 ul of citrate-phosphate buffer (0.05 M, pH 6.5) containing

0.04 U each of endo-H and endo~D. The mixture was continuously

-~stirred throughout the 20 hour incubation period at 37°c.

For detecting hydrolyzed glycoproteins, samples were mixed
with SDS, glycerol and bromophenol ¥lue, and then applied to

an SDS-polyacrylamide gel.

SDS-Polyacrylamide Gel Analysis

an

Viruses and isolated polypeptides of influenza A strains
were analyzed by electrophoresis on polyacrylamidg gel slabs
in a Protean cell (Bio Rad Laboratories, Richmond, California)
using the discéntinuous buffer system of Laémmli (1970).

The electrophoresis buffer consisted of 0.025 M Tris,

0.19 M glycine and O.l%‘SDS. Virus poiypeptides were
isolated in separatiﬁg gels containing a final concentration
of 10% acrylamide, 0.27 bisacrylamide, 0.023% TEMED, 0.045%
ammonium persulfate, and 0.1% SDS in 0.38 M Tris buffer ’
(pH.8.8). The stacking gel had 3% acrylamide, 0.08%

bisacrylamide, 0.05% TEMED, 0.1% ammonium persulfate, and

7



N
0.1% SDS in 0.123 M Tris buffer “(pH 6.8). Treatment of
virus-samples varied, however, all virus samples after
dilution in the appropriate buffer contained 10% glycerol,
0.007% bromophenol, blue and 1.6 mg of viral-protein/iml.

!
Gels were run at 19 mA until_the tracking dye (bromophenol

bl&e) reached the bottom of the separating gel. Bands were
identified in the gel after staining with d.l% Coomassie
blue, 50% methanol, -and 10% acetic acid for 25 minutesy and
destained for 55 minutes in 5% methanol dnd 10% acetic

acid. After rinsing the gel with cold water, individudl
bands were ‘sliced out with a scalpel, and allowed to
preequilibrate for 30 minutes wiéh occasional swirling in .
10 ml of sample buffer containing final concentrations of
0.125 M Tris-HCl (pH 6.8), and 0.1% SDS.

Limited p?oteolysis of viral polypeptides was done
essentially by the procedure of Cleveland et al., (1977).
The composition of the stacking gel was identicad to thétf
useé.to isolate virus polypeptides. Also, the compositiod
of the separating gel was as deséribed for %0% gels except
that acrylamide and bisacrylamide were prepared at
concentrations of 14 and 0.3% respectively (Appendix A).
Gel slices were inserted into the sample wells of the slab.
Spaces around the slices were filled with 30% glycerol in
sample buffer. Fifty ul of enzyme preparation in sample
buffer with 10% glycerol was loaded into appropriate wells

(Appendix B). An electric current of 30 mA was applied

until the Cocmassie blue stain had migrated approximately



v
2 cm into the separating gel. Electrophoresis was continyed
at 20 mA and the current was turned off when the stain

. reached the bottom of the gel. The gel was stained for

1 hour in 0.25% Coomassie blue, 50% methanol, and 10% acetic

acid, and destained by diffusion in 5% methanol and 10%

. 4
s

acetic acid. aty



RESULTS

Polypeptide Profiles of PR Virus Dissociated Under

Different Conditions

To isolate specific surface and internal polypeptides
for limited proteolysis studies, the dissociation of intact
PR viruses with SDS alone or SDS in combination with
mercgptoethanol and heat treatment was first examined by
SDS-PAGE. The results of this experiment are shown in Fig. 1.

As others have found (Schulze, 1970; Compans et al.,
1970; Klenk EE al., 1973) the dissociation of influenza A
viruses under reducing conditions (SDS, mercaptoethanoi and
heat) resulted in the appearance of all the chafgeteristic
polypeptide species {ncluding the hemagglutini;ﬂ;ubunits
(HA, and HA,) (Fig. 1, c, g, h and i). By omitting
mercaptoethanol and heat treatment in the preparation of the
virus sample, a different SDS-PAGE ﬁrofile was obtained
(Fig. 1, e). Although the polypéptide bands NP and M
appear unaffected,dboth the HAland HA2 bgnds are absent. A
ma jor alteration in the gel pattern was the detection of
two new bands. One band (PX) is located near the top of the
gel and another directly above the NP band with aﬁ apparent
molecular weight of 57 K. Both polypeptides were identified
as envelope proteins. This was demonstrated by extracting
the envelope of the PR strain from intact viruses as

described under Materials and Methods. Gel electrophoresis

10 '\
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Fig. 1. " Polypeptide profiles of PR virus
dissociated under different conditions. Preparations
of PR wvirus: (b, d, e and £) under non-reducing
conditions, (c, g, h and i) under reduci;g

conditions. Preparation of PR virus envelope

proteins: (a) under non-reducing conditions.
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under non—ggaucing conditions revealéd the presence of the
PX and 57 K bands (Fig. 1, a). The 57 K polypeptide
banded at a position in the gel slab correspanding to
monomefic‘hemagglutinin.(HA) molecules.

Since monomeric HA molecules of influenza viruses are
converted into the HA, and HA, subunits under reducing
conditions, the SDS—PAGE patterns seen in Fig. 1, b, d and
f were unexbected. In this experiment, PR virus preparations
were not treated with mercaptoethangl or heat befoyre

loading into gel sample wells adjacent to those 7{ih

viruses dissociated under reducing conditions. After

electrophoreéis, the only major polypeptide band ﬁoticeably
altered, possibl& by diffusing mercaptoethanol, was the

57.K band. This finding in gonjunctign'with the appearance
of HA, and HA, polypeptide bands strongly suggested that the

57 K polypeptide rep@esents monomeric HA molecules.

Effect of Mercaptoethanol on Isolated Polypeptide Bands

To determine the effect of mercaptoethanol on gel-
isolated polypeptide bands, PR virus samples dissociated
with only SDS were subjected to electrophoresis. The 57 K
(HA), NP and M polypeptide bands were sliced out of the
gel. Gel slices were preequilibrated iﬁfsoth sample buffer
with|and without 10% mercaptoethanol for 30 minutes. All
gel iicef were re-electrophoresed in another polyacrylamide

gel.i The results of this experiment are shown in Fig. 2.



»

.Fig. 2. Effect gf mercaptoethanol on
isolated PR virus polypeptide bands. Poclypeptide
bands exposed to mercaptoethanol: (c) M, (e) HA,
(g) NP. Control polypeptide bands: (b) M, (d) HA,
(f) NP. Preparations of PR virus: (a) under non-

reducing conditions, (h) under reducing conditionms.
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As in the éése of ﬁercaptoethanol treatment of whole
yifuses (Fig. 1), the NP and M p;lypeptide isolates were
unaffected by préequiliﬁ%ation in the presence of the
reducing -agent (Fig. 2, c and g). However, the 57 % (HA)
'polypeptide.was tleaved into two polypeptides by exPosute
to mercaptoethanol (Fig. 2, e). These, two polypeptides

higrate to positions that correspond to HA, and HA

1 2
polypeptides of virus samples prepared under reducing

condiﬁions (Fig. 2, h). vThls -data along’w1th the results of
14
Fig. 1 clearly demoustrates that the 57" K pblypeptlde is the

monomeric form of the HA polypeptide.

Determination of Conditions for Hydrolysis of N

!
Gel-Isolated Polypeptid4s by Proteases
5

.

b

To determine an effective method for subjecting gel—l
isolated virus polypeptides to limited prot?olysis; ficin
- was tééted for its ability to diffuse into &il slices.,

In this case, gel slices of M and NP polypeptides of PR
virus were preequilibrape@ fo; 30 minutes in-sample buffer
coﬁtaining various concenérations of ficin, and then
eleétrophoresed_on a 14% polyacrylamide gel. The results
of this exéeri@ent are shown in Fig. 3.

Ifrespec;ive of the ficin concentration used during
preequilibration of the gel slices, no h&drolysis occurred
(Fig. 3, b, ¢, d, e, f, g, h, i, j, and kf. With untreated
:control'slices of M and NP po}fpeptides, dégradétiéﬁ was' not

evident after preequilibration and electrophoresis of the

-

\ ('




Fig. 3. reequilibration of gel slices
of PR virus M and NP polypeptides in the presence
of ficin. M polypeptide bands exposedlto ficin
concentrations (ug/ml) of: (b) 1, (c) 5, (d) 10,
(e) 50, (f) 100. NP polypeptide bands exposed to
ficin concentrations(ug/ml) of: (g} 100, (h) 50,
(i) 10, {j) 5, (k} 1; Control polypeptide bgn&s:
(a) M, (1) NP.

By
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two polypeptides (Fig. 3, a and 1).

The failure of ficin to hydrolyze the NP and M
polypeptides suggests that the enzyme was unable to
penetrate the polyacrylamide s}ice within the 30 minute
preequilibration time. Or, the cleavége sites og NP and M
polypeptides wefe inaccessible to attack by ficin. Further
experiments weré done to establish the effect of ficin and
trypsin electrophoresed through gel slices of isolated PR
virus polypeptides. Gel-isolated NP and M polypeptides were
preequilibrated for 30 minutes in sample buffer, loaded nto
sample wells of a polyacrylamide gel, overlaid with either
100 or 300 ug/ml of enzyme and electrophofesed. Figure 4
shows the results.

Preequilibratidn and electrophoresis conditions had no
effect on untreated cpntrols of gel-isolated NP and M
polypeptides (Fig. 4, b and h). "Ficin wa§ agzzﬁzgﬁhydrolyze
bo%&/;he NP and M pblypeptide bands at concentrations of
either 100 or 300 ug/ml. .. Hydrolysis fragments of NP
polypeptide bands are seen in gels as two main bands with
approximate molecular weights of 36 K and 34 K, and several
less intensely stained bands ranging betweeﬁ 18 K to 23 K
daltons (Fig. 4; d and e). Minimal hydrolysis of M
polypeptide bands by ficin was observed with the appearance

of two very lightly -stained bands having peptides of 15 K
| and 16 K daltons (Fig. 4, f and g). Some of the NP and M
polypeptide bands remained unhydrolyzed by the ficin

concentrations used.



Fig. 4. Effect of electroploresing
trypsin or ficin through gel slices o Pﬁ virus NP
and M polypeptides. NP polypeptide bands .exposed
to trypsin concentrations (ug/ml) of: (a) 100,

(c) 300. NP polypeptide bands exposed to ficin
concentrations (ug/ml) of: (d) 100, {(e) 300. M
polypeptide bands exposed to ficin concentrations
(ug/ml) of: (£) 300, (g) 100. M polypeptide bands
exposed to trypsin concentrations (ug/ml) of: (i)

100, (j) 300. Control polypeptide bands: (b) NP,

{h) M.
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Neither trypsin concentration (100 or 300 ug/ml)
tested had the ability to hydrolyze the NP or M polypeptide
bands (Fig. &4, a, ¢, i and j).

The results from the previoué Fxperiments with ficin
indicate that preequilibration of the gel-isolated
polypeptides with enzyme prior to electrophoresis, was
ineffective in achieving limited proteolysis of virus
" polypeptides. ‘Therefore, all other limited proteolysis
experiments were carried out by electrophoresing enzyme

through gel slices of viral polypeptides.

Variation of Ficin Concentrations on Hydrolysis of

K

NP or M Polypeptide Bands

To ascertain whether total hydrdf?gis of NP and M
.polxpeptide baqu was possible, gel-isolated polypeptides

of PR virus placed in sample wells with varyiqg concentrations
of?ficin were electrophoresed. Similarly, untreated control

gel slidFs of NP and M polypeptides were run Lo ensure that

these polypeptides remained stable throughoutt the procedure

¥ l

used (Fig. 5, d and e). As shgwn in Fig. 5 (h), complete
.hydrolysiS'of the NP polypeptide band was obtained only at
a concentration of 1000 ug/ml. However, at this concentration
- the enzyme is visible in the gel (Fig. 5, j) and tends to
interfere with the identification of some hydrolysis
fragments. |

Incomplete hydrolysis of the added M'polypeptide

bands by ficin was noted even when tested at a concentration



Fig. 5. Variation of ficin conceﬁ;rations
on hydrolysis of NP or M polypeptide bands. M
polypeptide bands exposed to ficin concentrations
(ug/ml) of: (a) 1000, (b) 500, (c) 250. NP
polypeptide bands exposed to ficin concentrations
(ug/ml) of: (£) 250, (g) 500, (h) 1000. Control
polypeptide bands: (d) M, (e) NP. Control ficin

at concentrations (ug/ml) of: (i) 500, (j) 1000.

~
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of 1000 ug/ml (Fig. 5, a, b and c). _Furthermore, the
addition of increasing concentration levels of ficin to
hydrolyze M polypeptide bands resulted in a corresponding

increase in hydrolysis fragments (Fig. 5, c, b and a).

Effect of Ficin and Pronase P on Different Polypeptide

Bands of PR Virus

In view of the preceeding results, modification of the
.PAGE assay procedure was necessary to eliminate resolvable
components of control ficin preparations (1000 ug/ml)
whi;h interfere with the assay of hydrolysis fragments of
M polypeptide band and, also to determine if the M
polypeptide band can be completely degraded. Thus the
effect of reducing the amount of PR virus M polypeptide
on the degree‘of hydrolysis by a lesser concentration of
ficin was examined.

Half or full size gel slices were loaded into sample
wells and oyerlaid with 250 ug/ml of ficin. Control
half and full size gel slices of M polypeptide were tested
under the same conditions. Figure 6 (f and g) shows no
evidence of fragment@tion of the control M polypeptide
bands. Although the twd sizes of gel slices treated with
ficin yielded similar Hydrolysis fragments (Fig. 6, e and
h), the half slice amount of M poT}peptide was not totally
degraded by 250 ug/ml of enzyme (Fig. 6, h). However,

fragments of hydrolysis obtained with a full gel slice



Fig. 6. Effect of ficin and pronase P on
half or full gel slices of PR virus M polypeptides
and susceptibility of PR virus HA pelypeptide band
to fiecin. Full gel slices of M polypeptide exposed
to pronase P concentrations (ug/ml) of: (c) 500,
(d) 250. Full gel slice of M polypeptide exposed
to a ficin concentration (ug/ﬁl) of: (e) 250. }
Half gel slices of M polypeptidegexposed to pronase
P concentrations (ug/ml) of: (i) 250, (j) 500.
Half gel slice of M polypeptide éxposed to a ficin
concentration (ug/ml) of: (h) 250. HA polypeptide
band exposed to a ficin concentration (ug/{ml) of:
(a) 250. Control polypeptide bands: (b) HA, (f)
full gel sTice of M, (g) half gel slice of M.
Control ficin at a concentration (ug/ml) of: (k)
250. Control pronase’P at a cqncéntration (ug/ml)

of: (1) 500.
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were easier to detect than those from a half gel slice
{(Fig. 6, e and h).

When M polypeptide was treated with pronase P (250
or 500 ug/ml) as described above, the M polypeptide band
was completely hydrolyzed (Fig. 6, ¢, d, 1 and j). Their
fragments were identified in the 15 K to 10 K region of the
gel (Fig. 6, ¢, d, i and j). As with ficin, the fragments
of a hydrolyzed full gefl slice were more readily identified.
Pronase P in contrast teo ficin was not detectable on the
gel at a concentration of 500 ug/ml {Fig. 6, 1).

An experiment was done to determine if the HA
polypeptide of PR virus was susceptible to ficin at a
concentration of 250 ug/ml. The failure of ficin to

hydrolyze the HA polypeptide band is seen in Fig. 6 (a).

Susceptibility of M and HA Poclypeptide Bands of PR Virus

to Pronase P and Cathepsin C

Since it was demonstrated-earlier that M polypeptide
bands were hydrolyzed completely by 250 ug/ml of pronase P,
similar gel slices were used to establish whether less
enzyme could.comparably hydrolyze M polypeptide bands. It
is evident (Fig. 7, e, £, g, h and i) that complete hydrolysis—
of M'polypeptide bands was obtained for all concentrations
of pronase P tested except at 5 ug/ml. The hydrolysis
fragments appeared similar irrespective of the enzyme

concentration. However, if the minimum amount of pronase P



Fig. 7. Susceptibility of M arid HA polypeptide
bands of PR virus to prohase P and cathepsin C. HA
poiypeptide band exposed to a cathepsin C concentration
(units/ml) of: ({(a) 2. HA polypeptide band expoéed
to a pronase P concentration (ug/ml} of: (b) 100.

M polypeptide bands exposed to pronase P concentrations
(ug/ml) of: (e) 5, (£) 10, (g) 50, (h) 100, (i)

.100. M polypeptide band exposed to a cathepsin C

concentration (units/ml) of: (j) 2. Control

polypeptide bands: (c) HA, (d) M. Control

cathepsin C at a concentration (units/ml) of: (1) 2.
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' fragments, since the protease wyas not visible in
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(5 ug/ml) is used, the resolution of the digestiqﬁ pattern.

.

was best. .
‘Treatment of the ﬁA polypeptide with 100 ug/ml of
pronase P resulted in complete hydrolysis of the HA
polypeptide band (Fig. 7, b). The hydr&lysis fragments
generated were found in the 16 K to 5 K region of the gel.
With cathepsin C (2 units/ml), both the, HA and M
polypeptide bands were hydrolyzed to a limited extent
(Fig. 7, a and- j). However, the enzyﬁe is visible in the

gel (Fig 7, 1) at the concentration used and interferes with

identification of hydrolygis fragments. \\\
o

Susceptibility of HA and M Polypeptide Bands of PR Virus

to Proteinase K and Aspergillus Acid Proteinase

An experiment was performed to determine the degree ofN
susceptibility of HA and M|polypeptide bands to proteolysis
by protéinase K or Aspergillus ‘acid proteinase. .

Partial hydrolysis of M polypeptide bands with
Aspergillus acid proteinase yielde two ma jor fragments

(Fig. 8, b and c¢)- Their apparent molecular weights are

18 K and 14 K. The extent of degradation of HA polypeptide
. k N

bands treated with Aspergillus acid proteinase (éig. 8, j'
and k) appears tb be the same as that of the HA control
(Fig. 8, g). This result suggests that HA molecules are™-
refractory to hydrolysis by Asbergillus acid prbteinase.'
There is no evidence for masking of any hydrolijj:?

he gel at

N



Fig. 8. Susceptibility of HA and M
pclypeptide bands of PR virus ﬁo proteinase K and
Aspergillus acid proteinase. M polypeptide bands
exposed to Aspergillus acid proteinase concentrations

\(ug/ml) of: (b) 500, (c) 100. M polypeptide bands
exposed to proteinase K conceﬁtrations fug/ml) of:
(d) 500, (e) 100. HA polypeptide bands exposed to
proteinase K concentrations (ug/ml) of: (h}) 100, -
(i) 500. HA polypeptide bands exposed to Aspergillus
acid proté?nase concentrations (ug/ml) of: (j)

100, (k) 500. Control polypeptide bands: (f) M,
(g) HA. Enzyme controls at concentrations of 590
ug/ml: (a) proteinase K, (1) Aspergillus acid

proteinase.
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'the highest concentration ested (Fig. 8, 1).

It is apparent (Fig. 8, a) that proteinase K (500 ug/.
ml) is readily visible in the gel. Basgd on this finding,
M polypeptide bands were considered to be completely
hydrolyzed.by using 100 or 500 ug/ml of proteinase K. The
molecular weights for the fragments produced ranged from
19 K to 10 K (Fig. 8, d and e). Cémplete hydrolysis of HA
polypeptide bands with proteinase K produces several
hydrolysis fragments. Their electrophoretic mobilities
indicated molecular weights ranging between 26 K and 12 K
(Fig. 8, h and 1i). |

In order to determine the minimum amount of proteinase
K required for complete hydrolysis of M and HA polypeptide
bands of PR vi;us, the enzyme was used at levels of 1, 10,
50 and 100 ug/ml. The fragments resulting from complete
hydrolysis of the HA polypeptide bands were identfcal (Fig. 9,
b, ¢ and d}. Only a proteinase K concentration of 1 ug/ml
was incapable of completely hydrolyzing the HA polypeptide
band (Fig..9, e). Decreasing the amount of proteinase K
below 50 ug/ml resulted in only partial hydrolysis of M

polypeptide bands (Fig. 9, h amd 1).

Effect of Trypsin on HA and M Polypeptide Bands of PR Virus

The HA and M polypeptides of influenza A strains have
previously been digested by exposure to trypsin (Laver and

Webster, 1968; Laver and Downie, 1976; Laver et al., 1980;




Fig. 9. Effect of concentration levels
of proteinase K on PR virus HA and M polypeptide
bands. HA polypeptide bands exposed to proteinase
.K cdncentrations (ug/ml) of: (b) 100, (c) 50, (d)
10, (e) 1. M polypeptide bands exposed to
proteinase K concentrations (ug/ml) of: (h) 1,
(i) 10, (j} 50, (k) 100. Control polypeptide bands:

(£) HA, (g) M. Control proteinase K at a concentration

(ug/ml) of: (a} 100.

4
-,
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Basak et al., 1981). However, there are strain-specific
variations in the susceptibility of the HA polypeptide to
trypsin (Klenk et al.; 1972a; Lézarowitz et al., 1973a;
Stanely et al., 1973). Therefore the effect of trypsin on
the HA and M polypeptide bands was determined.

When the HA polypeptide band was exposed to trypsin
concentrations of 500 and 1000 ug/ml a single hydrolysis
fragment was observed wiih an apparent molecular weight of
48 K (Fig. 10, c and b). Because the HA polypeptide band was
almost completely hydrolyzed by trypsin, it is possible that
other hydroiysis fragments were obscured by a heavy background
of enzyme proteins (Fig.- 10, b). Under the electrophoretic
conditions used, the trypsin preparation Qas resclved into a
. complex pattern of bands at concentrations higher than 250
ug/ml (Fig. 10). The reéult indicates that HA polypeptide
bands from PR virus wére relativély unaffected by trypsin
concentrations of about 500 ug/ml.

Treatment of M polypeptide bands with trypsin at
varying concentrations, resulted in no apparent hydrolysis
fragments (Fig. 10, i, j, k, 1, m and n). If any hydrolysis
fragments were generated with the highest test concentration.
of trypsin, they would likely be obscured by the baékground

of trypsin bands (Fig; 10, m}.



Fig. 10. Effect of trypsin on the HA and
M polypeptide ‘bands of PR virus. HA polypeptide
bands exposed to trypsin concentratigns (ug/ml) of:
(b) 1000, {c) 500, (d} 250, (e) 100, (f):éO. M
polypeptide bands exposed to trypsin concentrations
. (ug/ml) of: (i) 50, (3) 100, (k) 250, (1} 500,-
(m) 1000. Control polypeptide bands: (g) HA,

(h) M. Control trypsin at concentrations (ug/ml)
{
of: (a) 1000, (n) 100.
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‘Effect of Carboxypeptidase B, Bromelain, Alpha-Chymotrypsin

and Subtilisin on the HA and M Polypeptide Bands of PR Virus
o

/

-
Other proteases, carboxypeptidase B, bromelain, alpha-

chymotrypsin and subtilisin were studied to establish their
ability‘to hydrolyze HA and M polypeppiée bands of PR virus.

Hydrolygis of HA and M polypeptide bands with the
highest concentration of cafboxypeptidase B was not evident
even though the eﬁzyme prgparation could be résolved by
electrophoresis into a number of bands (Fig. 11, b, ¢, j, k
and 1).
Efomelain however, was capable of hydrolyzing both the
M and HA polypeptide bands. The extent of hydrolysis of M
polypeptide bands indicated partial and almost complete
hydrolysis at bromelain concentrations of 100 and 500. ug/ml
(Fig. 11, d anh e). Hydrolysis fragments had molecular
weighfs ranging from 18 K to 11 K (Fig. 11, d and e).
Electrophoresis of HA polypeptide bands with different
'concentrations of bromelain yieldéd similar results (Fig. 11,
h and i). The hydrolysis fragments generated had apparent
molecular weights of 53 K, 16 K and 14 K (Fig. 11, h and i).
The data in Fig. 11 (h and i) demonstrate that the visible
bromeiain bands eroduced could mask other hydrolysisil
fragments of the HA polypeptide band in the 42 K to 24 K
(Fig. 11, a) region of the gel. |

Figure 12 shows tﬁat control HA (b and g) and M
(h and m) poiypeptide bands were consiéerably hydrolyzed



Fig. 11. Effect of carboxypeptidase B and
bromelain on the HA and M polypeptide bands of PR
virus. . M polypeptide bands exposed to carboxypeptidase
B conceﬁtrations (ug/ml) of: (b) 500, (c) 100. M
polypepfide bands exposed to bromelain concentrations
{ug/ml) of: (d) 500, (e) 100. HA polypeptide bands
exposed to bromelain concentrations (ug/ml) of: (h)
100, (i) 522. HA polypeptide bands exposed to
carboxypeptidase B concentrations (ug/ml) of:

(j) 100, (k) 500. Control polypeptide bands: (f)
M, (g) HA. Control enzymes at concentrations of

500 ug/ml: (a) bromelain, (1) carboxypeptidase B.
I\
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by subtilisin or alpha-chymotrypsin that leaked from

ad jacent sample wells. At a concentration of 509 ug/ml,
alphé—chymotrypsin was able to completely hydrolyze the HA
and M polypeptide bands (Fig. 12, e and j). However,
hydrolysis fragments generated were obscured by the visible
enzyme bands in the 18 K to 10 K region of the gel (Fig. 12,
n).

Complete hydrolysis of HA polypeptide bands was cbtained
with either concentration of subtilisin used (Fig. 12, c and
d}. The lower concent?agion of subtilisin yielded a clearer
resolut?on of hydrolysis fragments with molecular weights
between’20 K and 11 K (Fig.‘12, d). Similarly, the M

polypeptide band was also degraded completely by subtilisin

.at the concentrations tested. As with the HA polypeptide,

the lower enzyme concentration generated clearér hydrolysis

fragments with molecular weights between 16 K and 10 K
(Fig. 12, k). Because subtilisin bands océur near the top
of the gel at a concentration of 500 ug/ml, hydrolysis
fragments were not masked by. enzyme Sands (Fig. 12, a}).
Based on the foregoing results shown in Fig. 3 to
Fig. 12, three enzymes were selected for use in further
limited proteolysis studies of influgnza A viruses. The

three enzymes chosen were pronase P, proteinase K and

subtilisin.



Fig. 12. Effect of subtilisin and alpha-
chymotrypsin on the HA and M polypeptide bands of
PR virus. HA polypeptide bands/exposed to
subfilisin concentrations (ug/ml) of: (c) 500;
(d) 100. HA polypeptide bands exposed to alpha-
chymotrypsin concentrations (ug/ml) of: (e) 500,
(f£) 100. M polypeptide bands exposed. to alpha-
chymotrypsin‘conéentraéions{(ug/ml) of:l.(i) 100,
(j) 500." M pblypeptide bands e%posed to
subtilisin concentrations (ug/ml) of: (k) 100,
(1) 500. Control polybeptide bands: (b and g)
HA, kh-and m) M. 'Enzyme contfols at a concentration

of 500 ug/ml: - (aY subtilisin, (n) élpha—chymotryps}n.

o ST
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Characterization of the Envelope PX Polypeptide Associated

with PR Virus

-

Gel slices of the high molecular weight envelope
polypeptide previously labelled as PX (Fig. 1, a) and the
HA polypeptide were re-electrophoresed in a second
polyacrylamide gel after preequilibration in sample buffef
-with or wizhout 10% mercaptoethanol for 30 minutes.
Mercaptoethanol treatment split both PX and HA preparations
into two bands (Fig. 13, ¢ and d). These bands had
electrophofetic mobilities comparable to HAl and HA2
polypeptide bands obseryed with PR virus samples prepared
under reducing conditions (Fig. 13, a and b}. Subtilisin
treatment of HA and PX polypeptidés generated identical
digestion patterns in the gel (Fig. 13, e and f). These

results demonstrated that the PX polypeptide was a

_multimeric form of the HA polypeptide. The PX polypeptide

is most. likely the trimer form of the HA polypeptide because
of its high molecular weight (approximately 200 K) and the
fact that HA polypeptides exist as trimers on the envelope

surface of influenza viruses.

v
4

Identification of HA Polypeptide Bands of Hong Kong and

Singapore Viruses

After electrophoresis of Singapore and Hong Kong-viruses
under non-reducing conditions, the banding patterns of

.polypeptides obtained had only a faint staining band for the




Fig. 13. Characterization of the PX
polypeptide associated with the PR virus envelope.
Polypeptide bands exposed to mercaptoethanol:

(c) HA, (d) PX. Polypeptige bands exposed to 50

ug/ml. of subtilisin: (e) HA, (f) PX. Preparations
of PR virus: (a and b) under reducing conditions.
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monomer form of the HA polypeptide in compariscon to PR virus
samples treated similarly. However, the‘E}ngapore strain
had two bands in the region of the gel where the trimer form
of the HA polypeptide should migrate whereas a single band
was found with Hong Kong virus (data not shown).

- To determine if bands .in the {rimer region were composed
of HA polypeptides, gel slices of these bands were preequilibrated
in sample buffer'wiph or without 1% mercaptoéthanol for 30
minutes. Gel-isolated bands exposed to reducing conditions
resulted in the appearance of two fragments after re-
electrophoresis. The relative positidn'ofAthe two Singapore
fragments corresponded tosapparent molecular weights of 48 K
and 31 K (Fig. 14, a and b). ‘whereas, polypeptide fragments
of 53 K and 25 K were observed with the Hong Kong strain
(Fig. l4, c). Such molecular weight values are consistent

with what would be expected for HA, and HA, subunits. This

1
strongly suggests that all the bands tested are cdmpbsed of

HA polypeptides.

Effect of SDS on HA Polypeptides of PR Virus . T

Although PAGE of Singapore and Hong Kong virus
preparations show the presence of heavy staining bands of
the trimer form of the HA polypeptide [HA (t)], the gel
patterns of PR virus shows a fainter HA (t) band. In order
to more accurately compare the HA polypeptides of Singapore,
Hong Kong and PR viruses in gels, it was.necessary to

maximize thee amount of recoverable HA (t) from PR virus.



Fig. 14. Identification of the HA polypeptide ‘
bands of Hong Kong and Singapore viruses. HA '
polypeptide bands exposed to mercaptoethanél: {a)
Singapore virus (faster migrating species), (b)

Singapore virus (slower migrating species), (c)

Hong Kong virus. Control HA polypeptide bands: (d)
Singapore virus (faste; migrating species), {(e) N
Singapore virus (slower migrating species), (f)

-

Hong Kong virus.
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It was found that the amount of trimer ré?overable was ‘//
dependent upon the concentration of SDS p;esent in the virus
sampléf; When a PR virus sample with SDS omitted was
electrophoresed, the gel pattern indicated that the amount

of HA polypeptide remaining in the trimer form was considerable
(Fig. 15, al. Conversely, the addition of 6% SDS to the
virus samp;é resulted in relatively little residual HA
polypeptides in the trimer form (Fig. 15, b). However,

heavy staining'of the monéger form of the HA polypeptide

band was observed, presumably resulting from increased

amount of hemagglutinin molecules. The amount of SDS in the

sample also influenced the width of the polypeptide bands in

the gel.

Comparison of Phe HA and M Polypegtide;\df'PR? Hong Kong

and Singapore Strains of Influenza

When the M polypeptide bands of the PR, Hong Kong |
and Singapore viruses are observed in a polyacrylamide
gél, it appears they all have the same approximate
molecdlar weight (Fig. 16, a, b and c). The digestion
patterns generated when M polypeptides of each virus
were hydrolyzed by pronase P are almost ;dentical (Fig.
16, d, e and £). Only with the'M polypeptide band\?f
PR virus, was a difference in the digestion pattern
obinged. An additional hydrolysis fragment of abouf* 14 K

3
daltons was detected (Fig. 16, d). A\



Fig. 15. Effect of SDS on HA polypeptides
of PR virus. Preparation of PR virus under non-

redﬁcing conditions: (a) without SDS, (b} with SDS.

-
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Fig. 16. Comparison of the HA and M

"polypeptides of PR, Hong Kong anJ\Singapore viruses
-

treated with pronase P. M polypeptide bands

exposed to 5 ug/ml of pronase P: (d) PR virus, (e)

Singapore virus, (f) Hong Kong virus. HA polypeptide

bands exposed to 5 ug/ml of pronase P: (g) Hong
Kong virus, (h) Singapore virus, (i) PR virus.
Control M polypeptide bands: f{(a) PR virus, (b)
Singapore virus, (c) Hong Kong virus. Control HA
polypeptide bands: (3) Hong Kong virus, (k)

Singapore virus, (1) PR ‘:rus.
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Undigested‘HA polypeptide bands of alllthree viruses
showed differing electrophoretic mobilities in the gel
(Fig. 16, j, k and 1). Hence, the decreasing order in
molecular- weight of the HA polypepéide bands was Hong Kong,
Singapore and PR- virus (Fig- 16, j, k and 1). Pronase”PA
hydrolysis-of the HA polypeptide bands i;olqted'from each
virus resulted in three different digestion patterhs (Fig.
16, g, h and i). Compariéon of the‘diéestion patterns -
generated, showed that hydrolysis of the PR virus HA
polypeptide band yielded the largest number of distinct
fragments (Fig. 16, i). Only the PR virus paftern had a
_16 K dalton fragment EFig; 16, i). ANfE K daltg} fragment‘
found in digestion patgérns of HA polypeptide of both PR
.aﬁd Hong Kong viruses ﬁas absent from the fragments obtainéd
with Singapore virus (Fig. 16, ﬁu. Ifrespective of the abave
differences, HA polybeptide digestion patterqs of all fhr v
viruses contained a 13 K dalton fragment'(fig. lé, g, h and
i). An additional m&jor hydrolysis fragment Slightly
‘ smaller (about 12 k daltoﬁé)'was observed in onlyrghe
digestion pattern of Hong Korg virus (Fig. 16, g). .

Complete hydrolysis of M poljpeptige bands of these- ¥
viruses resulted in identical digestion patterns when :
exposed to subtilisin (Fig. 17, j, k and 1).

Three different digestion patterqifof the test viruses
were obta®ned after hydrolysis of their HA polypeptides.
by subtilisin (Fig. 17, b, d and e). Again the largest

number of distinct bands were found in the digestion



virus. Control HA polypeptide bands: (a) Hong'

Fig. 17. } Compgrispn of the HA and M
pdiypeptides of PR, Hong Kong and Singapore viruses
treated with subtilisin. HA polypeptide bands ‘
exposed to 100 ug/ml of'subtilisiﬁ: kb).ang Kong

virus, (d) Singapore virus, (e) PR virus. M ﬁb’

_polypeptide bands exposed to 100 ug/ml of subtilisin:

(j) PR virus, (k) Singapore virus, (1) Hong Kong
Kong virus, (c) Singapore virué, (£) PR virus.
Control M polypeptide bands: (g) PR virus, (h)

Singapore viﬁys, (i) Hong Kong virus.

,y
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ﬁattern of PR virus (Fig. 17, e). When subtilisin
hydrolyzed HA polypeptide bands of Singapore and PR viruses
were comparea; the former had several fragments witﬁ
molecular weights corresponding to PR virus fragments

(Fig. 17, d and e). Their digestion patterns showed éhat
PR and Singapore viruses contained additional fragments
with molecular weights of about 16 K/11 K (Fig. 17, é) ‘
and 12 K (Fig. 17, d), respectively. -Hydrolysis of the
Hong Kong virus HA ﬁolypeptide band yielded a digestion
paﬁtern with only two clearly resolved fragments (Fig. 17,
b). Their apparent molecular weights of 14 K and 13 K,
correspond to the molécular weights of hydrolysis fragments
found in PR and Singapore digestion patterns (Fig. 17, b,

d ;nd e).

After exposure of the M polypeptides cf PR, Singapore
and Hong Kong viruses to proteinase K the digestion
patterns generated were identical (Fig. 18, d, e and f).

When the HA polypeptides of these viruses were
hydrolyzed by prote&nasa K, three markedly different
digestion patterns were generated (Fig. 18, g, h and i).
Hydrolysis of PR virus yielded nine discrete fragments .
(Fig. 18, i). This digeétion pattern conéained a major
18 K dalton fragmeqt.which was'absent in the digestion
pétterns obtained from ;he.othér two viruses {(Fig. 18, 1i).
Fewer ‘hydrolysis fragments were obtained with the Singapore

and Hong Kong viruses (Fig. 18, g and“h).




Fig. 18. Comparison of the HA and M ‘\\‘-\k

polypeptides of PR, Hong Kong and Singapore viruses
treated with proteinase K. M polypeptide bands
exposed to 50 ug/ml of proteinase K: (d) PR virus,
(g) Hoﬁg Kong virus, (f) Singapore virus. HA*
polypeptide bands exposed to 50 ug/mi of proteinase
K: (g) Singapore virus, (h) Hong Kbng virus, (i)

PR virus. Control M polypeptide bands: (a) PR
virus, (b) Hong Kong virus, (c) Singapore virus.
Control HA polypeptide baﬁhs: (j) Singapore virus,

(k) Hong Kong virus, (1) PR virus.
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In the preceding experiments (Fig. 16 - Fig. 18)
on hydrolysis of polypeptides of different influenza A
subtypes, each strain chosen was one of the first viruses
isolated in that subtype group having ma jor changes in
sufface antigens indicative of antigenic shift. Since
differences were found between the HA polypeptide digestion
patterns of different subtype strains, studies were done
to compare polypeptides (HA, M and NP) of viruses from the

same subtype. - . -

SDS-PAGE Profiles of HLNl Influenza Viruses

Th ég/;lNl influenza viruses (PR, FM and USSR)
prepafed under non-reducing conditions were compared by SDS-
PAGE. Results (Fig. 19, b and a) show that the molecular
weight of the HA polypeptide of USSR virus was the largest
and that of PR virus was the smallest. The M polypeptides
of all ?%ree viruses appearéd to have similar molecular
weight; (Fig. i9, a, b and ¢). FM vir\%had two major bands
in the région of the gel where NP polypeptides were expected
to migrate (Fig. 19, c).‘ Under reducing conditions,
unexpectedly these two bands appeared in the same location

of the gel when electrophoresed in the absence of reducing

agents (data not shown). This finding hindered identification .

and isolation of the FM virus NP polypeptide.



: "
¢
Fig. 19. SDS-PAGE profiles of HINL _g

influenza viruses. Preparation of viruses under
A :
non-reducing conditions: (a) PR virus, (b) USSR;

»

virus, (c) FM virus.
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Comparison of the HA, M and NP Polypeptides of PR, USSR

and FM Strains of Influenza . T

When M polypeptides of PR, FM and USSR viruses were
hydrolyzed with pronase P, similar gel-patterns of fragments
were obtained (Fig. 20, j, k and 1). |

HA polypeptides of PR, FM and USSR viruses were i
hydrolyzed into different digestion patterns by pronaée P
(Fig. 20, a, b and ¢). Digestion patterns of all three HA
polypeptides contained major fragments with apparent
molecular weights of 27 K and 14 K. Hydrolysis of the HA
. polypeptide bands of PR and FM viruses generated additional
.fragments of 15 K daltons and 19 K daltons, respectively
(Fig. 20, a and b). Further observations of their digestion
patterns indicate that the few stained ffhgments taken
together, are not representative of an intact HA polypeptide.i
Presumably the fragments are only those portions .of the HA
molecules of each virus‘;esistant to complete degradation
by this non-specific protease.

After Fhe M polypept?des of these viruses were
hydrolyzed with proteinase K, the digestion patterns
éppeared guite similar (Fig. 21, g, h and i).

HLNL viruses HA polypeptides were hydrolyzed differently
by proteinase K (Fig. 21, d, e and £). HA polypeptide
digestion patterns of PR, FM ané USSR viruses contained
several fragments in the 31 K to 25 K region of the gel as

well as fragments with apparent molecular weights of 21 K,

-



Fig. 20. Comparison of the HA and M

polypeptides of PR, USSR and FM viruses treated

A

with pronase P. HA polypeptide bands expocsed to

.5 ug/ml of pronase PE“ (a) PR virus, (b) FM virus,

ﬁc) USSR virus. M polypeptide bands exposed to
5 ug/ml of pronase P: .(j) USSR virué, (k) FM
virus, (1) PR virus. Contrcl HA polypeptide
bands: {d) PR virus, (e) FM virus, (f) USSR
virus. Control M polypeptide bands: (g) USSR

virus, {(h) FM virus, (i} PR virus.

e
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Fig. 21. Comparison of the HA and M
polypeptides of PR, USSR- and FM viruses treated
with proteinase K. HA polypeptide bands exposed
to 50 ug/ml of proteinase K: (d) FM virus,-(e)
USSR wvirus, (f) PR virus. M polypeptide bands
exposed to 50 ug/ml of proteinase K: (g} PR virus,
(h) USSR virus,’(i) FM virus. Control HA '
polypeptide bands: ({a) FM virus, (b) USSR virus,
(é)'PR virus. Control M polypeptide bands: (j)

PR virus, (k) USSR virus, (1) FM virus.
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- 14 K and 11 K (Fig. 21, d, e and f). 1In addition the
.hydrolysis'of hemagglutinins of PR and FM viruses generated
-a 19 K dalton fragment (Fig. 21, d and f£). However, this
fragment was more heavily stained in the FM virus:piﬁ}ggg
(Fig. 21, da. Unique to the PR virus gel pattern Qere'two
more major fragments with molecular weights of about 18 K
and 17 K (Fig. 21, £f). - '
Comparison of M.polypeptides of PR, FM and USSR virusés
in a gel after hydrolyéig by subtilisin showed the digestion
patterns were almost identical‘(Fig. 22, g, h-and i).
Digestion patterns generated by hydrolygis of the HA
polypeptides of HINl viruses by subtilisin w;fe different
for eéch virus irrespective of certain similarifies (Fig.
22, d, e and £). Hydrélysis of HA polypeptides of PR, FM
and USSR viruses ge ted fragmenté Qith apparent moleculér
weights of 21 K, lg?:r:né 12 K. PR and FM viruses HA .
polypeptide digesioti patterns contained additional
fragments of 19 K daltons and 17 K daltons (Fig. 22, d and
£). A 16 K dalton fragment was observed only in the PR '
virus HA polypeptiQe digestion pattern (Fig. 22, d). The
gatﬁ shown ip F%g. 23 (a, b and c) illustrates the
reprodﬂbibility of the results obtained fqr hydrolysis »of .
PR, FM and USSR viruses HA polypeptides b& subtilisin.
N?-Pqiyﬁéptides of PR, FM and USSRfvirusés were
hygédryﬁga by subtilisin into a large number of fragments
<%%§l 24, e, ff, g and h). Most fragments were located in

the 21 K to 11 K region of the gel. However, the exact

]

-



Fig. 22. Cqmparison of the HA and M
polypeptides of PR, USSR and FM ;iruses treated with
subtilisin. HA polypeptide bands exposed to 100
ug/ml of subtilisin: "(d) PR virus, (e) USSR virus,

(f) FM virus. M polypeptide bands exposed to 100

~ug/ml of subtilsin: (g) FM virus, (h) USSR virus,

(i) PR vir Control HA polypeptide bands: (a)

PR virus, (b SSR virus, {c) FM virus. Control

: '
M polypeptide ,bands: (j} FM virus, (k) USSR virus,

(1) PR virus.

LI
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Fig. 23. Comparison of the HA polypeptides;

of PR, USSR.and FM viruses treated with subtilisin.
HA polypeptidé bandsrexposed to 100 ug/ml of
subtilisin: (a) PR wvirus, {b) USSR virué, (c)

FM virus. Control HA polypeptide bands: (g} FM

virus, {h) USSR virus, (i) PR virus.
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Fig. 24, Comparison of the NP polypeptides
of PR, FM and USSR viruses treated with subtilisin.
NP polypeptide lzar}cis exposed to 100 ug/ml of
subtilisin: (e) PR virus, (f) FM virus (slower
migrating species), (g) FM virus (faster migrating
species), (h) USSR virus. Control NP polypeptide

bands: (a) PR virus, (b) FM virus (slower

' migrating species)",%) FM (faster migrating

species}, (d) USSR virus. ’
s
T
&
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number of fragments obtained and their molecular weights
appeared to differ between HINL viruses. The two previously
observed NP polypeptide bands of FM virus (Fig. 19, c)

yielded distinct digestion patterns (Fig. 24, f and g).

The slower migrating NP polypeptide band of FM virus‘ﬁad a

similar molecular weight as NP polypeptides of PR and USSR -~
virusesg& Howev?r, the digestion pattern of &he faster
migrating NP poiypeptide.bandlof FM virus appeared similar
to that of the USSR virus NP polypeptide (Fig. 24, g and h).
"Hydrolysis of the slower migrating NP polypeﬁtide of

FM virus and the NP polypeptides of PR and USSR viruses by

pronase P appeared to generate distinguishable digestion

patterns (Fig.-ZS, a, b and c). _However, all three
digestion patterns conta&ned fragments with approximate
molecular weights of 35 K, 32 K, 20 K and 15 K (Fig. 25, a,
b and'c), although staining inten;ity of these fragments
demaﬁstrated some strain—spécific variétions.

PR and U?SR‘viruses NP polypeptideS‘hydfolyzed by
proteinase K also generaégﬁ dissimilar digestion pattérns
(Fig. 26, a and b). The PR virus gel-pattern contained a
larger n mbeiJ;f fragments than-that of USSR virus (Fig. 26,
a and b). A major 19TK dalton fragmént was found in both

gei—pattenns. =
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Fig. 25. Comparison of the NB polypeptides
of PR, FM and USSR viruses‘treated with pronase P,
NP polypeptide bands exposed to ;Oiug/ml of prdnase
P: (a) PR virus, (b) USSR virus, (c) FM virus
(slower migrating $pécies). Control NP polypeptide

bands: (d) PR Virus, (e) USSR virus, (f} FM virus .

(slower migrating species).
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Fig. 26. Comparison of NP polyp\eptides
of PR and USSR viruses treated with proteinas‘e K.
NP polypeptide bands exposed to 50 ug/ml of c
proteinase K: (a) US‘:SR virus, ib) PR virus.
Y Control NP polypeptide bands: .!rc) PR vi’.rus’, (d)
USSR virus. '
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Effect of Endoglycosidase Treatment on PR Virus Polypeptides

PR virus treated with endoglycosidase as described
under Materials and Methods, was prepared under non-
reducing conditions and electrophoresed. The only

polypeptide noticeably affé%ted, was the HA polypeptide

(Fig. 27, b). Figﬁre 27 (b) shows that the trimer form of

v

the HA polypeptide, [HA (t)] was totally eliminated. The
molecular weight of some of the monomer form of the Ha

polypeptide [HA (m)] appears to have been reduced (Fig. 27,

- b). Unfortunately this unglycosylated HA polypeptide

comigrated with the NP polypeptide making its isoLaéidn

from the gel impossiﬁle (Fig. 27, b).




Fig. 27. . Effect of endoglyco;idaée
treatment on PR virus polypeptides. PR virus
incubated for 20 hours atHSTOC in the presence of:
(a and c) 0.05 M citrate-phosphate buffer {pH 6.5),
(b) 0.05 M citrate-phosphate buffer (pH 6.5)

containing 0.04 Units/ml of endoglycosidase-H

and endoglycosidase-D.
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. . DISCUSSION

Influenza A viruses have escaped control by’
vaccination because of frequent changes in the antigenic
character of HA or NA surface glycoproteins. Variations
id the HA are considered more important because HA is'
quantitatively the predominant surfaée glycoprotein (White,
1974). Also major pandemics of the recent past_have been
associaéed with.antigenic'shift in the HA with or without
NA shift. Therefore, methods capable of deteqting these
changes are important. N

In this study digestion patterns of the HA polypeptidés
of several different influenza A viruses were easily
distinguishable. Thi; occured whether the HA polyggp;ides
were isolated from viruses within the same subtype or in
different subtypes. Therefore, limited proteolysis studies
in SDS-gels show potential as agmethod for detecting-
changes in 'HA polypeptides.

#p.éﬁmparison of hydrolyzed influenza virus polypeptides
and identification of enzymes that these polypeptides were
susceptible to, was possible-by performing l%pited préteolysis
studies in SDS—bolyacrylamide gels as described by
Clevgland et al., (1977). The origindl procedure outlined
by Cleveland was modified slightly for this study. - Gel
sclutions ané-;ample buffer were prepared without the

.addition of EDTA. Also a shorter stacking gel (28 mm) than

recommended (50 mm) was used and current was reduced

/
59
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L
but not shut off during the run.

Several types'of proteases were tested for their
suitabiliﬁy in limited proteolygis studies with HA and M
pglypeptides of PR virus. Selection of proteases was
dependent’an their ability to meet three criteria. First,

a protease had to be capable of totally hydrolyzing the HA
and M polypeptide bands at a concentration of 500 ug/ml or .
less. Secondly, the enzyme must not produce visible band(s)
in the gel, after staining, in a region where masking‘of
hydrolysis fragments could occur. Thifdly, a digestion
pattern generated by complete hydrolysis of-a viral
“polypeptide baﬁd had to remain coﬁstant over at least a

S-fold increase in the protease concentration. This. last

criteria is particularly important since quantities of each
viral polypeptide can vary slightly between strains.

0f the enzymes tested anly pronase P, proteinase K and
subtilisin met each Sf the conditions. Proteinase K and
subtilisin are serine proteases while all three enzymés are
non-specific and capable of completely hydrolyzing proteins
and peptides. In consideration of this, the finding that
these proteases, over a wide concentration range did not
completely hydrolyze PR virus polypeptides but left sizable
fragments (greater than 10 K) remains to be clarified.

Furthermore, Sabina et al., (1981) also noted this result

when treating influenza viruses with pronase P or subtilisin.

Two other proteages, bromelain and alpha-chymotrypsin

also showed potential for use in this study.
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Unfbrtunatély however, both enzymes produce visible bands in
the gel, that mask hydrolysis fragments. Bfomelain is a
non-specific proﬁease-that can hydrolyze ﬁolypeptides
-especialiy at bonds involving leucine or glycine. Previously
bromelain has been uséd to cleave hemagglutinin spikes from
the surface of intact influenza viruses (Compans et al.,
g97d; Brand and Skehel,; 1972). It was demonstrated that
bromelain was releasing the HA by cleaving the molecule -
430—90 residues from the C-terminal end of the|HA2 subunit
(Skehel and Waterfield, 1975; Waterfield et al., 1979). In
this study however, bromelain cleaved the HA polypeptide
into three ma jor fragments. ‘fhis would indicate at least
two more cleavage sites on the molecule. A possible
explanation for this finding is that bromelain cleavage sites
on individual. HA molecules are unavailable when the HA is
in the trimer {(spike) form. |

Alpha—éhymotrypsin hydrolyzes peptides, especially at
" bonds involving the carboxyl group of aromﬁﬁic amino acids.
Approximately 7% of the amino acids in HA molecules are
tyrosine or phenylalanine. Therefore, there appear to be
potential siteg for attack by this E;p%ease.A This could
"account for the ability of alpha-chymotrypsin to completely
digest the HA polypeptide band of PR vifus. .

As mentioned, bromelain and alpha-chymotrypsin were
not used in, this study because of masking difficulties.
However, both enzymes show potential in limited proteolysis

1Y

studies where the use of radiolabelled virus ‘and

.
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autoradiograms would eliminate this problem.
; Previous research has cleafly demonstrated that
influenza virus HA ang M pdlypeptides could be effecsively
hydrolyzed by trypsin (La?er and Webster, 1968; Laver and
Downie, 1976; Laver et al., 19§O; Basak et al., 1981).
Therefore, the failure of trypsih to be more effeqtive at
hydrolyzing these polypeptides in this study was unexpected.
Possibly this could be due to the low pH in the stacking
591 (6.8}, whéré hydrolysis occurs. This is far below the
optimum pH range for trypsin (7.5-8.5). | B
According to Ewasyshyn (1983), the allantoic fluid of
eggs infected with influenza viruses contain inhibitors to
subtilisin’éctivity but have high levels of carboxypeptidase

B activity. The finding in this study that the HA and M

polypeptides of PR virus were sensitive to subtilisin but

refractory to carboxyﬁéptidase B activity is consistent with
this observgtion.- 5 |

In this study the HA polypeptide of PR virus was found
to have an apparent molecular weight of 57 k. This is much
smaller than the acceptéa.moleCular weight of approximately

75 K (Dopheide and Ward, 1978 b). lHowever, when the HA

. and HA2

subunits have apparent molecular weights of 48 K and 28 K.

polypeptide is cleaved by mercaptoetﬁanol, the HA

These molecular weféhts are consistent’ with accepted values
(Ward and Dopheide, 1976).
" Detection of HA trimer [HA (t)] molecules in SDS-gels,

has apparently not been previously demonstrated. However,

L
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resistance of Hong Kong virus (H3N2) HA molecules to

dissociation by SDS was reported (Laver, 1973). tncreasea
resistance of Hong Kong (H3N2f and Singapore (H2N2) viruses
HA (t) molecuies to SDS as compafed with those of HINl
viruses (PR, FM, USSR} could have potential for subtype
differentiation. If further.testingiof influenza virus
hemagglutinin trimers demonstrates this is a conéistént
finding befween subtypes, then a virus could be assigned to
the HINl subtype on this:basis. In the limited proteolysis
experiments it was important for comparative purposes that
HA polypepﬁides should be.hydrolyzed when the entire
population of hemaggfutinins is in the monomer or trimer
form. This was done "in case the ‘tertiary structure of the
HA trimer (spike) affects digestion. The ability to alter
the amount of PR virus hemagglutinins i? the trimer form by
varying the SDS concentration allowed these studies to be
carried out.

Digestion pattérns of HA polypepfides isolated from PR.
(HIN1)}, Singapore (H2N23 and Hong Kong (H3N2) viruses
differed whether hydrolyzed by subtilisin, proteinase K or
prdnase P. The results showed that HA polypeptides of each
virus were susceptible to hfdrol?sis to varying degrees. |
Therefore, it can be Eoncluded that limited prote¢lysis
studies are sensitive enough to.detect alterations in HA
pof&peptides resulting from antigenic shift.

The digestion patterns of HA polypeptides were also

found to differ if the HA polypeptides are isolated from
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viruses within the same subtype. When HA polypeptides of
three HINl viruses (PR, FM and USSR) were compared, strain-
specific differences were observed. Irrespective of these
differences however, analogous digestion patterns of HA ~
polypeptides of PR, FM and USSR viruses always contained
some fragments with corresponding molecular weights. |
Furtherhore, there was a correlation between the.number of
fragments observed ih HA polypeptiae digestion patterns and
the year of virus occurrencé throughGﬁt“the drifting of HLINL
strains; The most recent isolate tested, USSR virus (1977}
always generated the least number of hydrolysis fragments
whereas the earliest isolate PR virus (193&) yielded the
.greatest number. fhis pesdlt tends to indicate that
antigenic drifting is making HINL virus HA polypeptide%\more
sﬁsceptible to complete degradation by subtilising protéinase
K or pronase P. Fragments of corrésponding size seen in all
digestion patterns of the USSR virus HA polypeptide, are
‘also observed in the PR and FM virus patterns. Tﬁerefote,
possibly these fragments represent conserved regions inlthe
HA molecules of HINl viruses. The resultg of these
experiments demonstrated that glthough HA polypeptides of
the HINl viruses tested are §Emilar, they can still be
differentiated using limited proteolysis studies. This
"indicates that this method is sensitive enough to detect
changes in HA polypeptidés caused-by antfgeniq drift.
Pronase P routinely hydrolyzed HA polypeptides of

viruses to a greater extent than subtilisin or proteinase K.
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Presumably pronase P digestion of virus HA polypeptides oo
generatedﬁfewer stable fragments, greaﬁéf than 10 K
daltoﬁs, than the other proteases. \

.Of interest was the finding that HA polypeptide
digestion ;atterns of the five influenza viruses always
contained a‘hydrolysis frégment with an approximate
molecular weight of 13 K to 14 K 'when treated with
subtilisin, pronése P or protein;se K. Whether these
fragments are similarly composed or occupy simjlar locations
in the HA polypeptide is unknown at this tim?. This
fragment may however, represent a highly conserved portion
of all influenza A virus HA polypeptides.

! Although it is difficult to account for the differences
noted in the HA bolypeptide digest;on‘pattgrﬁs, there are a
number of possible explanations. Changes in the primary
amino acid sequence of the HA'polyp9ptide caused by gntigenic
drift or shift, could be adding or eliminatihg sites available
to enzymatic attack. Also strain-specific differences in
glycosylaﬁion of HA polypeétides could be affecting the |
ability of certain enéymes to hydrolyze an otherwise
susceptible portion of the HA molecule.

There are considerable strain-dependent variationélin
the number, location and types of oligosaccharide chains
linked to the HA polypeptide (Schwarz and Klenk, 1981;

Basak and Compans, 1983). Such variations can occur in HA

polypeptides isolated from viruses without or within the

sgme shthpe fGething et al., 1980; Hiti et al., 1981).
RGN _ : ,

¢
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An attempt to elucidate the role of oligosaccharides in
digestion of PR virus HA poiypeptidé?? proved Qnsqccessful
since unglycosylated HA polypeptides comigrated with the NP
polypeptide band. '

In this study the digestion patterns of M p&lypeptides
were almost identical for all five viruses ﬁestgd.
Immunological studies with M polypeptides of influenza A
viruses showed that no antigenic differences existed '
(Schild, 1972). These results indicate that unlike the HA
and NA polypeptides, the M polypeptlde is highly conserved.
In contrast ‘however, Laver and Downle (1976) found that
irrespective of many similarities there were clearcut
differencés in tryptic peptide maps of M polypeptides from
several influenéa A viruses. A possible explanation for the
apparent contradiction between this study andlthat of Léver _
and Downie is that they were able to use trypsin to hydrolyze
the M polypeptide. It.may be that the specificit} of trypsin
allowed detection of changes in the M polypeptide that the
non-specific proteases werg,unable to detect.

Apparent differences found tween digestion patterns
.of NP polypeptides isolated fr HINl1 viruses (PR, FM, USSR)

-

were unexpected and are diffi ult to account for. The

antigenic relatedness of NP pilypeptldes is used to cla551fy
I

\influenza viruses as type A, B or C (Perelra,al969)

' Possibly the antigenic sites in this .polypeptide are more

™~

hlghly conserved than other portlons of the molecule.

Further limited pr03551y51s studies on NP polypeptldes of

. . .
St

-
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additional inflﬁenza viruses, may clarify these apparent
differences. |
Presently serolbgical testing is:the major method used
to classify iﬁfluenza A viruses and to detect changes in the
HA or NA polypeptides. However, ﬁrmpite of their many
advantages some problems haﬁe occurred when antibodies are
used. Immunological relationships Qrigiﬁally indicated that
influenza A viruses infecting man were divided into four
subtypes (HO, Hl, HZ and H3). Later, geﬁe segment homology
showed that the HO and-Hl subtypes were closely related and
.should be catégorized under a single subtype (H1) (Scﬁoltissek,'
1978a). Use of monoclonal antib;dies has allowgd detection
of 'a single amino acid substitution in an antigenic site
of the HA polypéptide (Sleigh et al., 1981}. waever,
variants whose HA polypeptides differ by amino acids not in
epitopes were not distinguishable with the monoclonal
antibody preparations (Webster et El.,21979). Because the
productioﬁ of antibodies is time coﬁsuming and because they
can miss detection of amino acid changes outside of
antigenic sites; alternative detection methods.are required.
Tryptic .peptide mapping in one or two dimensions of
influenza HA and M polypeptides has shown differences
between virus strains kLaver and Webster, 1968; Laver and
Downie, 1976; Basak et al., 198l). One difficulty in this
type of study is that virus polypeptides are compared‘on -

their susceptibility to only one enzyme. A change in the

" amino acid sequence of the polypeptide not affecting a
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trypsin cleavage sitel(s) could escape detection.
One of the best methods for detecting changes in HA

polypeptides involves- the determination of the amino acid

sequence. Recently several groups have done sequencing of

-

HA polypeptides of several influenza A.viruses (Verhoeyen
et gl., 1980; Gething et al., 1980). Sequencing éetects
changes in amino acid compositioﬁ at specific sites in the
HA polypept;de. However, the sequencing procedure is time
consuming aﬁd more specific than necessary for categorizing
an influenza virus in one of the subtypq&,

aExperiments in this study demonstrate that limited
proteolysis of hemagglutinin}moleéules of influenza A viruses
in SDS gels shows potentialﬂas an alternative method in
subtyping strains. Furthermore, this technique could be
useful in supplementing cufrent methods to detect
aﬁtigenic drifting of hemagglutinins.
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o>



i

APPENDIX A .

Gel for’Hydrol&sis of Influenza Polypeptides
‘ I3 N B4

28 mm

107 mm

)

Stacking Gel (3%)

A

-

Separating Gel (l&éi\\\d/}

.

142 mm
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APPENDIX B

. Al
Gel-Isolated Polypeptide in Sample Well
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L—— 50 ul of enzyme in sample
buffer with 10% glycerol
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- L 30% glycerol in ®ample buffer
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