ISSN 0233-7657. BuonoasMmepb U kierka. 1999, T. 15. Ne 6

The influenza virus neuraminidase inhibitor
produced by Staphylococcus aureus
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The glycoproteinic complex has been isolated from the Staphylococcus aureus culture fluid possessing an
activity inhibiting influenza virus newraminidase. Two fractions have been further purified containing
different monosugars components, the first one has been shown to contain mannose, glucose, rhamnose,
glucosamine, and galociosamine, while rhamnose is absent in the second fraction. A component of fraction
1 inhibits the neuraminidase activity and at the same time enhances the virus hemagglutinating activity
more strongly comparing to the fraction 2. Some chemical modifications of the substances of the fractions
studied { periodate oxidation, protease prefreatment, and delipidization) prove the carbohydrate component
of the complex to be responsibie for its antineuraminidase activity. The protease pretreatment decreases
twice the antineuraminidase activity of the fraction 2 having no influence on this activity of the fraction 1.

Introduction. Enzymes of virions become one of the
most attractive fields of scientific research during last
two decades. The neuraminidase being an integrative
part of orthomyxoviruses is among the best in-
vestigated viral enzymes. It participates in the cle-
avage of mucine layers and neuraminic acid residues
from cell walls causing in such a way virus particles
desaggregation. It is very probable that this enzyme
prevents virions adsorption on mucines, a process of
the great importance for influenza infection patho-
genesis permitting virions to infect new sensitive cells.

So the neuraminidase inhibitors described beco-
me now especially interesting for a lot of research
workers. A series of specific inhibitors being N-
acetylnsuraminic acid derivatives have been synthe-
sized. Some data have been also published concerning
isolation of inhibitors produced by bacteria and being
glycoprotein substances [1].

We have isolated a neuraminidase inhibitor from
S. aureus culture fluid. The aim of the present paper
is to describe both this substance purification and the
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data concerning ils chemical properties, composition,
and some biological characters.

Materials and Methods. Neuraminin-producing S.
aureus strain and nutrient medium. The neuraminin
preparalions used in this investigation have been
purified from the culture fluid of the S. awreus strain
392, this strain having been isolated from a sputum
sample of a patient with acute pneumonitis and
deposited in the All-Union Antibiotics Research Ins-
titute {(Moscow) in 1988. This strain is found to be
sensible to lysis by phages belonging to the Il phage
group, 53/85 phagomosaic, and to the type 18 accor-
ding to the Pillet classification.

For neuraminin isolation the culture medium
used contained the following substances: enzyme-
digested peptone (1.0+0.3 %), lactose (1.0x0.3 %),
yeast extract (0.3=0.05 9%). MgS0,x7H,0
{0.05=0.01 %), and 0.15 M phosphate buffer, pH of
the medium being 7.2.

Isolation of neuraminidase inhibitor. The neura-
minidase inhibitor has been obtained from the culture
fluid using ethanol fractionation approach (30—
50 %) and boiling during 10 min followed by gel
filtration on the Sepharose 4B columns (2.2 x 60 cm)
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equilibrated with (.1 M ammonium acetate. In the
fractions collected (2.5 ml the protein content has
been determined according to Lowry et al. [2], the
carbohydrates have been assessed using phenol and
sulfuric acid approach [3]

Analytical methods. Analytical disk electropho-
resis has been run in 5.6 %, polyacrylamide gel in the
presence of (b2 % sodium laurylsuifate, the current
being 5 mA per tube. The samples have been prepa-
red in the Tris-acctate buffer, pH 7.4, containing
sodium laurylsulfate (1 %) and f-mercaptoethanol
(0.001 %».

The process was usually stopped when the mar-
ker dye (bremephenol blue)y formed a line situated at
the distance about | cm from the lower edge of cach
tube. To detect the proteins separated, the gels have
been stained using the Coomassie R-250 solution, the
carbohydrates having been visualized by the Schiff
reagent.

The molecular masses of the components sepa-
rated have been calculated from the disk electro-
phoresis data [4] using several standard marker
proteins — hexokinase, bovine serum albumin, and
trypsin, their molecular masses being 96000, 68000,
and 23000 Da, respectively.

Amino acids and hexosamines have been deter-
mined with the automatic amino acids analyzer KLA
(«Hitachi», Japan) after the hydrolysis in 6 N HCI
(20 hs, 110 °C).

Monosaccharides composition of our preparations
has been determined after the acid hydrolysis (using
2 N HCI treatment during 20 hs at 100 °C) by paper
chromatography method in a solvent system contai-
ning butanol, pyridine, and water (6:4:3): our develo-
pers were acidic phtalate-aniline, alkaline caustic
silver, and aicoholic ninhydrin solutions [5 ). Another
method of monosaccharides determination was gas-
liquid chromatography permitting to obtain acetic
polyol products with the «Chrom-5» device,

Sialic acids determination has been performed
with resorcinol method {35].

To determine fatty acids, the neuraminin inhibi-
tor preparations have been hydrolyzed by 2 N HCI
(the acid is to be diluted by methanol) at 100 °C
during 2 hs. The fatty acids have been then extracted
by chloroform and anatyzed at the «Zwiet-100» chro-
matograph.

The periodate oxidation of S. aureus neuraminin
has been performed as follows. The aqueous neura-
minin solution (0.1 %) has been added toc 0.2 M
sodium periodate, the mixture has been kept at 5 °C
during 72 hs, periodate excess being usually dest-
royed with ethylenc glycol. The preparation dialyzed
overnight has been then dried, treated with sodium

borhydride, the excess of the last reagent being taken
off using KY-2(H") resin, and lyophilized [5].

To separate phospholipids, the preparation has
been treated by methanol (1 ml per 10 mg of
preparzation) during 10 min at 55 °C. The mixture has
been then cooled and treated with chloroform (2 ml
per 10 mg), shaken overnight at 20 °C and centrifu-
gated. Such a treatment has been repeated four times.

Some neuraminin modifications have been obtai-
ned using a proteolytic complex of wide specificity
isolated from Bacillus mesentericus, the reaction be-
ing stopped by the protease inhibitor added to the
mixiure.

Virus strains. The following influenza virus stra-
ins have been used in this research: 4/1, a highly
immunogenic vartant of A/Khabarovsk/77/HINI
strain; 4/2, a variant of the same strain possessing
fow immunogenity; 2/1, a highly immunogenic va-
riant of A/Victoria/75/H3N2; 5/2, a variant of this
strain with low immunogenity; TS5 and T14 strains
isolated from mice lung tissues at the second and at
the l4th days of infection; strains 38 and 44 isolated
from mice lung materials at the third month after
infection; an isolate of the A/Kiev/6/84/H3N2 virus
from a palient serum; a clinical isclate of the A/Le-
ningrad/13/85/HINI1 virus; B/Kiev//1/84/ virus iso-
lated from cerebrospinal fluid of a meningoence-
phalitis patient; X-97, a recombinant of A/Lenin-
grad/9/46/Ho/ and A/Victoria/72 strains;
A/Port-Chalmers/73/H3N2.

Study of biological activity. The antineuramini-
dase activity of preparations has been tested from the
data concerning the inhibition of virus particles neu-
raminidase activity after the neuraminin treatment.
The opeuraminidase activity has been determined
according to the Aminoff approach [6], the hemag-
glutinating activity of all the virus preparations being
assessed after Gorbunova and Bokolova [7].

Results. As mentioned above the purification of
neuraminidase inhibitor produced by S. aureus has
been performed using the Sepharose 4B gel filiration
(Fig. 1); it is seen that we have successfully purified
this product from some contaminaling protein sub-
stances. The fractions 40—50 have been further
purified by centrifugation (4 hs at 144 000 g). The
neuraminidase inhibiting activity has been detected in
the supernatant material.

The results of our disk electrophoresis expe-
riments have not permitted to detect any covalent
protein-carbohydratle links because no protein line
corresponding to carbohydrate substances mobility
has been found. At the same time our gel filtration
data also suggest there is no coincidence of protein
and carbohydrate peaks, so the bacterial inhibitor is
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Figo 1o Gel filtration of the ncuraminidase inhibitor preparation on

the Sepharose 4B column. A sobid line manifesis the prosein material
shition. o dotted one reflects the carbohydrates clutdon paticrn

Fig. 2. Polvacrviamide gel electrophoresis of the nhibiter prepa-

vations stained for carbohydrate detection

not proved to be a glycoprotein: i1 scems more
probably to be a glycoprotein complex (Fig. 2). Our
study of thie inhibitor chemical composition shows the
presence of bolh protein and carbohvdrate (1:[0).
Besides, the neuraminidase inhibitor of Staphylo-
coccns origin contains also fatty acids carrying 11—20
C-atoms in their chains,
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Yable {

Amine goid composition of the wenraminidase inhibitor isolured
Sront e Stapfiviocorens aurens caftire fheid geantitalive
relutions, (R}

s A

Aspartic acid 0.k tsoletcine 048
Threonine 1.31 feucine .27
Serine 0.90 Tyvrosing Traces
Glutamic acid 1.26 Phenylalinine 0.35
Proline 0.la Ihisiidine Lraces
Glvcine 0.80 Lysine 051
Alaning 1.12 Arginine No
Valine .42 Mothioninge Fraces

Qur study of the inhibitor’s amino acids content
proves the presence of almostl all of them with the
only exception of arginine (sce Table 1.

The determinations concerning monosaccharides
composition of ncuraminidase inhibitor show mannosc
10 be the main maonosugar in this compound, glucose
content bceing rather poor; the ratio of those two
neutral monosaccharides is 24:1 (Fig. 3, «. &. Addi-
tionally, we have also detected two hexosamines —
galactosamine and glucosaming, their relative contents
being 1:3.5 (Fig. 4.

Sialic acid has not been
minidase inhibitor preparations.

The specificity of inhibitory action of Siaphyio-
coccus-produced  substance and its ceffect on the
mfluenza virus  neuraminidase  activily  have  been
studicd using different virus strains and isolates with
different antigenic properties, the rcesults reflecting
the changes in the hemagglutinative and  neura-
minidase activities of virus preparations studied (Ta-
ble 2). The Staphyiococcus-produced neuraminin has
been shown to inhibit strongly the neuraminidasc
activity of all the influcnza virus strains studicd here,
the devel of inhibition being from 71 up to 94.4 %,
(Table 2.

The gol filtration on the Sephadex G-200 column
has secparated two fractions of the bacteria! inhibitor,
fraction | and fraction 2 (sce Fig. 5. The inves-
tigation of their monosaccharnides content has showi
the substance in the fraction 2 to have monosugar
composition identical with the original preparation.
The substance in the fraction 1 has rather different

found in the neura-
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Fig. 3. Monosvgars content of the neuraminidase inhibitor from S.
aureus: A — paper chromatography data (¢ — ¢ontrol monosugars:
1 — galaciose; 2 — glucose; 3 — mannose; 4 — xylose; 5 — rham-
nuse, & — neuraminidase inhibitor {(mannose)), B — gas-fluid chro-
matography of the inhibitor preparations: / — mannose; 2 — glucose

Fig. 4. Hexosamine consenmt of the Staphiviococcus-produced neu-
raminidase inhibitor: I — galactosamine; 2 — glucosamine

monosugars content because of rhamnose presence in
addition to mannose and glucose, their relative con-
tent being 2:1.

The investigation of fractions effect on the neura-
minidase and hemagglutinating activity of influenza
virus strains (Table 3) shows the substance in the
fraction 1 possesses higher antincuraminidase activity
and simultaneously causes two-fold increase of the
hemagglutinating activity comparing to the fraction 2.
To answer the questions concerning molecular compo-
nents responsible for the activities mentioned above,
we have modified the purified substances by periodate
oxidation, proteases treatment, and delipidization
process. These modifications are shown 1o influence
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Fig. 5. Chromatography of the inhibitor preparation on the Se-
phadex G200 column

differently on the neuraminidase inhibitor activity
(sec Table 3). The elimination of fatty acids has no
effect on the antineuraminidase activity of the sub-
stance 1 and increases such activity of the substance
2. The carbohydrate modification causes a total
elimination of substances 1 and 2 antineuraminidase
activities. The elimination of proteins has no effect on
the antineuraminidase activity of the substance 1 bul
destroys, however, totally the same activity of the
substance 2. The delipidization procedures do not
influence at all on the hemagglutinating activity of
both substances; at the same time, the periodate
oxidation as well as the use of the proteolytic complex
cause the loss of the hemagglulinating activity.
Discussion. To our knowledge, the specific neu-
raminidase inhibitors described in the scientific litera-
ture and being both natural and synthesized sub-
stances may be attributed to two groups. The first one
contains neuraminic acid analogues and derivatives,
the second group contains the substances having no
dircect binding with any enzyme substrate or with its
product. The Staphylococcus-produced inhibitor be-
longs probably to the second group because of no
sialic acids having been detected in this substance. .
Comparative analysis of this inhibitor and also of
the neuraminidasc inhibiting substance isolated from
Streptomyces [1] shows mannose and glucose to be
the main neutral monosaccharides in both inhibitors,
their ratios being, however, quite different. The
Staphylococcus-produced inhibitor contains two ami-
nosugars — glucosamine and galactosamine, the neu-
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Table 2

Effect of the Staphylococcous aureus produced neuraminidase inhibitor on the hemugglutinative and newraminiduse activity of influenza

virus preparations

| Hemagglutinative aclivity after ¥irus neuraminidase activity afer the fresiment Ly 1he inhibiwor and in controf \’ariam"5
Virus sirpln the treatment by the inhigior

and in coatrol vurigats nit? Coptrol” p®
A/Hongkong/68/H3N2 320 ¢.075 0.900 92
A/Xhabarovsk/74/HINI 640 0100 0.640 84
4/1/HINY/ 640 ¢.150 0.595 75
4/2/HINI/ 128 0.045 0.390 88
A/Victoria/75/H3N2/ 1280 0.105 0.800 87
2/1/H3N2/ 512 0.090 0.780 89
5/2 64 0.025 0.230 92
TS/H3N2/ 1280 ¢.095 0.590 34
T14/H3N2/ 640 0.110 0.700 83
38/H3N2/ 512 0.105 0.750 86
44/H3IN2/ 1024 0.070 0.850 92
A/Kiev/6/84/H3N2/ 256 0.110 0.370 71
A/lLeningrad/13/85/HINI 640 0.025 0.290 91.4
B/Kiev/:/84 320 0.080 0.310 74
X-97/NON2/ 512 0.070 0.070 83
A/Porl-Chatmers/73/H3N2/ 1024 0.035 0.035 94.4

Ynformation concerning strains origin and some properties of these strains is given above {see «Maiterials and Methods). yiral
hemagglutinative activities are expressed as inverse values of hemagglutination titers. “Neuraminidase activities are given as optical deasity
units at 549 am (ODsyq). "NIT — virus samples are treated with neuraminidase inhibitor preparations. ~Control — control variants without
inhibitor preparations. 6PI — per cent of inhibition after neuraminidase inhibitor treatment.

raminidase inhibiting substance isolated from Strepto-
myces contains only the first of them. No sialic acids
has been found in both substances. Two inhibitors are
also different in their amino acids content: the
inhibitor of Staphylococcus origin contains methionine
and no arginine. But the striking difference of these
two substances is that, according to the data of Lin et
al. [1], the Strepiomyces-produced inhibitor is a
glycoprotein.

Our results obtained with the disk electrophoresis
approach show no covalent binding between protein
and carbohydrate moieties in the neuraminin mole-
cule because no line has been found corresponding to
carbohydrate electrophoretic mobility; the gel filtra-
tion data on the Sepharose 4B column proving no
coincidence of protein and carbohydrate peaks permit
to conclude that the neuraminidase inhibitor isolated
from §. aureus is not glycoprotein. Our point of view
is that this inhibiter is more probably a glyco-
lipoprotein complex,

554

The carbohydrate content of the Staphylococcus
inhibitor including also ils amino sugars resembles
sirongly influenza virus glycoproteins. Taking into
consideration such a multicomponent patterns of inhi-
bitor compounds — carbohydrates, proteins, and fatty
acids — it would be of great interest to investigate the
nature of the Staphylococcus neuraminin active group
responsible for its antineuraminidase activity in our
experiments with influenza virus preparations. To
answer this question, two inhibitor preparations have
been modified using periodale oxidation, proteolytic
complex treatment, and delipidization. As a result we
have found the inhibitory activities of preparations 1
and 2 to be different. The splitting of fatty acids has
no effect on the aatineuraminidase activity of the
preparation 1 and increases markedly such an activity
of ihe preparation 2. The carbohydrate modification
eliminates toially neuraminidase inhibiting -activity.
The protein elimination has no effect on the antineu-
raminidase activity of the preparation 1, but destroys
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Table 3

Responsibility of different components of the neuraminidase inhibitor isolated from Staphylococcus oureus on the newraminidase and on
the inhibition of the hemagglutinative function found for the influenza virus A/ Hongkong! 68/ HIN2/ strain

Fraction acd medificauons of inhibitpr Neuraminidase inhibiiing Hemagglutinative activity iscrease
preparations erivity, Q49 Pr Hemaggluiinaiion unins/t2 il Multiplicity of ioncreass
Total inhibitor preparation 0.095 100 64 0
Fraction 1 01350 58 256 4
Fraction 2 0.200 44 128 2
Fraction 1 after delipidization 0.140 58 128 2
Fraction 2 after delipidization 0.0655 100 128 2
Fraction 1 after periodate oxidation 0.390 0 64 0
Fraction 2 after periodate oxidation 0.320 0 128 0
Fraction | after protease treatment 0.85 100 64 0
Fraction 2 after protease treatment 0.350 0 64 0
. Protease effect on virus activities 0.200 44 64 0
Control virus preparation 0.370 0 64 0

The Objsyq values below 0.100 are thoughi to be negative.

completely such an activity of preparation 2 (see
Table 3).

Berezin et al. [8] have studied the participation
of carbohydrate moiety in the influenza virus neura-
minidase activity; they have found that the elimi-
nation of the carbohydrate component of the viral
enzyme with glycosidase does not change markedly
the enzyme activity, i. e. this component has no effect
on the enzymatic activity. Our results show the
enzyme activity to be decrcased during the viral
neuraminidase interaction with the carbohydrate com-
ponent of Sfaphylococcus preparation; the complete
inhibitor inactivation has been observed after the
carbohydrate modification by periodate oxidation. A
similar mechanism of inhibitory action has been
previousiy described for lectins — concanavalin A and
phytohemagglutinin. These lectins are sensitive to the
presence of glucose, mannose and sterically similar
monosaccharide residues; so Lis and Sharon [9] and
Rott (10] suppose that the interactions between
lectins and the viral neuraminidase are realized due
to the carbohydrate residues.

Because of the remarkable similarity of mono-
saccharides content in the influenza virus neura-
minidase and in the Staphylococcus-produced enzyme
inhibitor we postulate their interaction to be con-
nected with the defense of the enzyme active center
during its interaction with substrate molecules.

C. A Pubaaxe, A B anipo, J. A Baphaneys

[HriffiTop HERpaMIHLAA3K BIPYCY MPHIY, WO OPOIYKYETLCS
3on0TMCTHM cradinoxokom (Sfaphylncoccus aureus)

PezioMe

3 KYABHYPUALHOLG CCpedosuiia  30a0mucioee cmadhiaokoxa { S.
GUTCNS ) BUOEACHO CAIKQAINONPOINETHOBNIL KOMANEKE 3 UKHUBHICHLIO,
WO 2unbMYE HERPAMIRIda3y aipycy epuny. Ouuwieno Ja6i gipaxkuit 3
piskum émicmom monocaxapiidia. Hoxusano, wo @pakuis { mic-
Mo MUHOIY, SAIOKO3Y, DOMHOIY, CAIOKOIAMIN MA SAAGKMO3IMIN,
dpycu — aci yi monocaxapudi, Kpin pumuodu. Pewosuna 3 gpaxuii
1 cunpmye HedpaminiOuiHy aiilUGHICINS ME 00HORACHO ROCWNOC
CEMULTIOMUHAINUGHY GKINUERICING  GIPYEY 3HAUHO CUAbHIINE, HIX
petosuMe 3 puxydi 2. PRd ximivnux  moduikauil  GusweHHX
peocun { Repiodumue okucicnns, 0bpobka npomeaiow nia Jeai-
tridusauin) Hidmasepdxyronie pots G¥eaCso0H00 KOMAOHEHMA KOM-
waecy ¥ adiciienni Goeo  wmmuncnpaminidasnoi 0, 0bpobxa
HPOMECU300  GOGIME 3HUXYE (HMINNCRDUMINIOASRY  aKmugHicMs
dpaxiil 2, He GHAUGUHIL HU RIGRY XK drkinuaricms @puryii f.

C. J. Poibanko, A. B. Hlanupo, JI. JI. Bupbaney,

HHFMGHTOP HﬂﬁpélMMHHﬂﬂﬂlnl pUpycld rpynna, IlpOﬂyuMpyCMblﬁ

30R0THCTLIM cTadmaokokKoM (Staphylococcus aurcus)

Peziome

H3 KyaenypanoHoid cpedet S. aureus GordeaeH CaRuKoAuRORPOMeUnG-
Gl KOMPACKE € AKINUBHOCILIG, ((HEUGUPYIOUCHE HeEPAMURUOATHYIO
GKIUBHOCIS Supyca ¢punhd. [Toayucnot da¢ PPukuiii ¢ DAsALHbM
COTUPKEHUEM  MOHOCAXUPHOOG, NePeust W3 KOMOPbIX GKIMHUEm
MUHHOZY, CAOKOIY, PUMHOIY, SANNCOSUMUH @ SOAAKIMO3AMUR, GHI0-
Pusl — 6C¢ MM MOHOCOXUpuds, KpoMe pumrossl Bewecmeo, co-
depruieeca o gpaxuun 1, owabupyem welipumuHudu3nyrr dr-
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MUBHOCMb it @ MO KE S8PEMR PCWILSACH LEMALERIOMUHUDPYIOUIIC
QKMUGHOCTE GUDYCA ZDUNNA IHMTUMERLHO BONCe BUPANXEHHD, 1M
sewecmas u3 pakyun 2. Pagd xumwieckux modugurayuii usywae-
MbX @paxuyui [ hepidodamuoe okucaenue, obpabomea NpOMEa3oi
denunudu3ayus ) Goxasvidaem pony YeAeodHoe0 KOMROREHING KOM-
MAEKCA 8 €20 AHIMUKEADAMUNUOGIHOL QIKIUEHOCHTL, HPU FHIOM
obpabomka npomeqsol 8080¢ CHUXACH GHMUHEEPAMuHNOA3NYIO
aKmusHoCMs paxyuu 2, HE GAUAR HA NOOOGHYIO GKMUSHOCMb
¢paruun 1.
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