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LOW FIBRONECTIN-BINDING MUTANT OF STAPHYLOCOCCUS
AUREUS LOSES THE ABILITY TO INTERACT
WITH HOST CELLS AND TISSUES

Yasuhisa HiroTa, Keiko SEkKI, and Hitomi SHINJI
Department of Microbiology (II), The Jikei University School of Medicine

To investigate the role of fibronectin in the interaction between Staphylococcus aureus (S.
aureus) and host cells, a mutant strain with low fibronectin-binding ability was obtained with
a coagglutination method. This mutant strain bound fibronectin at half the level of the
parental strain. West-Western blot analysis showed that fibronectin did not bind to the factor
with the highest molecular weight, which is expected to be fibronectin-binding protein A
(FnBPA), a fibronectin-binding factor of S. aureus, although the FnBPA gene was maintained.
This finding suggests that the FnBPA of this mutant strain could not bind fibronectin because
of either a mutation of its gene or a modulation of its synthesis. Fibronectin had an opsonin-
like effect in phagocytosis of the parental strain by macrophages but did not affect
phagocytosis of the mutant strain. The ingestion of the mutant strain by mouse fibroblasts
was also markedly lower than ingestion of the parental strain. Furthermore, bacterial lodgment
in the mouse kidney after intravenous administration was decreased with this mutant strain.
These results suggest that binding of fibronectin to FnBPA is essential for S. aureus to
interact with the host cells and tissues.

(Tokyo Jikeikai Medical Journal 2004 ; 119: 149-57)
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EEEL, DWTHM - MRS, €8T 5.
Adhesin 3T AE F O _E R, PR IR, SR
IEMNE, AMEREORMEICESE, b5 WIHan
WIRAT 2BRICHEEET 21, fEFMIMTIC & 2 M
OREAAZ I b5 2079, M7 N UEREIXZ
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fibronectin (FN), elastin, fibrinogen ® & 95 7
Mifast~ 1V vy 27 2 (ECM) #EES EfBET
% ## ® adhesin Z FEH L T v 527719, Fi-
bronectin binding protein (FnBP) 1%, 7 F 7 Ek
BERENCHH L T 2 I3E B & OB SE FN
a7y —ThHs. FnBPIZiZ A, B2 D
O isoform 23% b, D D $HIE S FN @ N K
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RIS & OFEETBNITH 219, % OO T R Bk
B, FnBPA 8 X U'FnBPB O H ZFHE L T
B, InsZNLTCFEN LFEET 59, HET KN
UEKEX FNJEFET T 27 u 77—y (Me)
WELSERSNSD, FN 2EELTw380DT
BEBSNIEBDHMNT 29, Zhid Mé 2 &
ZEET P YEKEOARICEL T, FN L7y
= VRRICEI 2 e BRR T B,

AHFFEIC BV TIE, FNFEAREDET L%
TR UREEREKE ZOFKEOLEEE LT,
M O FN &, BEORMED 2 v IdFER
MK X 2BGAA, F72 in vivo TOBEEEMEI
EDX S REELRIZThEREL, BHYE LD
Bb DIz onTEEL I,

II. & & H &
1. EBRMHEE L U#EHEHE

1) Fibronectin

BEgR'” e, v v IiEH O FN % gel-
atin-sepharose 4B 7 2 AW TT7 7 4 =7 4 f5Hd
D%, cellulofine GCL-2000-m (&b T2, =
) column IZ & D 7 VKR EIT 5 7z, £2 D cel-
lulofine ¥ 43 12 & £ 11 5 FN % SDS-PAGE
WX VT L, Z82R FN O &% &5 % EREX
L7z, DOTHINY T L « RTAYTALREGY >~
A AE K (PBS(—)) XL TEMNL,
Ultrafree C3LGC (Millipore Co., MA, USA)

EZS
WD RAE L 72,
2) M=

7 N VK Cowan [ #fk» o0 L7 7o
74 v AMERAER HL™® %2, (K FN fakzs 8
KEBLLDOHEE L, ZREEO S,
cosedimentation #%'® % tt & L 7z coagglutina-
tion % (Fig.1) I X -72. % ¥ HLj % heart
infusion (HI) 51z T 37°C 1 Wik &E L, £HEE,
EHAHEAKTHY, PBS(—) BB LL, %
2ml @ HI 2 1X108 CFU/ml OEE TERE L, &8
SHERIEET R (UV-30, TFREERT, B 12T 350
mm OF S 5 30 B O LIRS 217, &
HBEFEH LIz, DO THEHEKICY VIMEFN % 10
pug/ml L5 X 5wz, 37°C 1 R KIG & &
Jz. ZOBEW 1Imlicx L, 0.1% OFl FN FllmE
(LSL #, 50 #&t HI 1ml 2L, £0OK
JGTFN 2f& LB ik zias e s it
WCERE I, 512, 2X10°cells ® Cowan 1
MEGEE 2L, 7074 > A EHifk Fe §Ei%
EDREGC L VEEREEL. ZDEF 3°CT
2-3 HEE Dk, i % Heart Infusion Agar IZ
B TR L., Bl&EEE 2 E D coagglutina-
tion 2R L 72 iGR, 3R hiz. 2nso
BRIZ D W CHEERO 1 #EHL L, FN &8, west-
western blot #4712 & 3 FN #& K40 O,
PCR k12 & % FnBP BEF Ot 217, #HE
R L7z, 3BD I bbb FNEaEO P n»

5. aureusg with FN-binding factors

8. aureus without FN-binding factors (mutant)

Fibranectin{FN)

=, anti-FN antibody

Fig. 1.

Screening of low FN binding strains by coagglutination.
deficient mutant of Staphylococcus aureus) culture to combine with FN-receptors on HLj.

supernatant

FN was added to the HLj (protein A-
Anti-

FN antibody was added to the culture to capture this FN. Heat-killed Cowan I was also added

to ensure the aggregate formation.

And low FN binding mutants were isolated.
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¥ % MES (Matrix Estranging Strain) & iy %
L, #w e L,

3) XUVRA

SHEE DICRIE~ Y A(HARF ¥ —n XY
oN—, iR & w7z, FEERBLA £ TRiK 158,
EENRET CHE L.

4) R

EERHE L 7o SMIFIE LT O AR & 0 5.

Mg OEFEUIBEERS 12k -7, bbb 3% F
Z 7'V a v — hE5 (Difco, Detroit, MI, USA) 1
ml % ICR ~ 7 ZIZJEENR S L, 4 HERIC, Kip
L 7z Dulbecco’s Modified Eagle Medium
(DMEM) (Life Technologies, NY, USA) 3 ml
W CREREN & i, BRI Z [EIN L 72, MR
DMEM 2 T2 E¥#ER, 77 AF V27 T4y
3 2 (Nunc, Roskilde, Denmark) 2 #§\ 72, REE
A ARGEERRN T 37°C 2 Weftiiss#e L /1%, FEEEE 1
DRI % Yk 2 L, HEPES #%fif RPMI-1640
¥l (GIBCO BRL, NY, USA) 2z 7. ¥F4%
I X BIEREFHIRET, BX OIERENT AT
7 —¥HAFR LY, Boni-BEEEMED 98%
LN Mé THoTz,

< v ARRHESERIIE L-929 #R1Z, 109 O S EEIR
IMyEEI HEPES #5Ef RPMI-1640 £5i#h12 THE
LD ERA W,

2. EEHE

1) MES ORH5 47

(1) SDS-PAGE

FN #& &AMt o 72 12 SDS-PAGE %
fFo7-. HLj % %1k MES % 100 xg/ml FN 12
T37°C 1HFREMLEE L, PBS(—) I THEI L7z, B
% 1%SDS 8 L 0.1 M 2-mercaptoethanol %
GOWRICIFEE L T 3 EE, #HOLl, hiE
% 75% 7 Vi Cyk#) L, Coomassie-brilliant
blue 12 THeth, /N> FRBIE LT,

(2) West-western blot 4T

FN & D7z  west-western blot fi#
EfT-7 . HLj 2 Wi MES 27077 —X-
4ArEeEy—2gL50ug/ml )V AY 7 4B
& V10 ug/ml DNase 112 T 37°C 20-30 43 4LBH
LTHBEL. 2% (1) LRROFHEICLD, &
W2 SDS-PAGE TR L, polyvinylidene di-
fluoride(PVDF) [ 2 #25 L 7z, 29 non-fat

milk, 0.59 BSA 8 X 1U00.01% F X ¥ —Lz2g&
L PBS(—) WTERTIKM 7oy 7Lk
PVDF &%, 10 ug/ml FN 12 T 4°C 1 BaiL# L
7z, DWW T1/L,000 & D v ¥ FHFN HLIME
(Cedarlane Lab. Ltd., Ont., Canada) 2T, =
W25 e w L i34C1IHME L 72, 20D
PVDF JiE % 0.19% Tween20 % 1 PBS(—) 12 T
40 3 ¥eEtR, 1/1,000 K& D horseradish perox-
idase =3P~ ¥ ¥ IgG (Bio-Rad Lab., CA,
USA)IZ THEE T 1.5 BB L 72, R 2 ve i
#%, 0.2mg/ml ¥7 I/ RUYYY VB IU0.06%
WAL AKFKIEAWRIC T L THf, N %
BTz,

(3) PCR

FnPBA, FnBPB OEEFTHh % fubA, mbB
DOt %, PCRIFEIWC L VITo7z, HLj H 2 Wik
MES #% 200 »1 ® 2.5 mg/ml 7 7 0 £~ 7 F 5 —
¥ (Sigma, St.Louis, MO, USA) ¢, 37°C 10
S UL BRI Iml o7 = /= /7
TRV A/AYT INTIVva—n (25/24/1) %
MZT149EB%E, DWTERIIZTI5000Xg 5
Gl L7e, B 3ml oy 2 —)v 3 M KEE
B Vv AQ00/4)RERZHML, —70°C 30
LA B L7z, DNA 20k, 710% =5
=V THeH, BRTHEBEL, 100 41 Tris/
EDTA (pH 8.0)iB&W ICH#E, > 7 ) DNA &
L7z, 774~ —BUUTO 22wz, O &l
Fbohtbh D ICX 5 F (5-GACAAAGAA.-
GCTGCAGCATC-3), R (5"-CACCACCTGG-
GTTTGTATCT-3)Th v, H77 A ~—ilik
D mbA, BB 2 HE M, F: 95%,
R:100% TH 5. &5 O LHIZBEER oD <
F1 (5-GGTAATCAGTCATTCGAG-3), R1
(5"-TGGCACACTGTCGAAGTC-3")T b 5.
PCR RGO E, 20 mM  Tris-HC1  (pH
8.0), 100mM KCI, 0.1mM EDTA, 05%
Tween-20, 1mM DTT, 509 glycerol, 2.5 mM
dNTPs, 2.5x10720D/ml primers, 50 units/ml
Tag DNARY X Z—¥, 0.5ug/ml DNA Th
%. DNA —= ¥4 77— (PJ2000, Perkin-
Elmer, MA, USA) 12T, 94°C 143, 55°C 30 #,
72°C 143 40 BIOEIE %2175 72,
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2) M¢ B X URHEZFHIIICBOA £ 72 W O
E

2mM MgClL B X150 uM CaCl,2ushnL 7z
PBS(—) &, FN ZH&&EBEH 200 ug/ml i 7
X2z 7z, Z D500kl iz L 1x10%°
CFU o# 7 F vERE %z, 37°C 1 KRG
#%, W% L3 PBS T 3 EIFEE L FN ALBE &
L TRV, M¢ B & U8 L-929 fHESE o k3%
R FN D 2 WIZIEOE %, & Mg D
HERAY 2001, B & ARHESEMIE & D ERER Y5000 1
W25 XD CHINL 72, 40 SRR, Wila s 43
BIEATHEY, 20 ug/ml VYV A% 7 4 > 37°C 30
SO XD Mg B X UHRHES MK 3 1 1 AF
5 LU-HE BRI Uz, i A8 —VIEE
BX APLEEREL, 50 72 L 100 @ik % fE
PERNSEIR L, HIFICHOA £ N7z % G E EM
(Optiphot-2, Nikon, HEEH)IZTEHEL 7=,

3) XU RABIRNERERE OB NOES

< U AFIRNERER O BNE R OB, Ik
SOHFWCHEL T, ThbbiELDED HLj
H2wix MES 2~ v ZRBFEIRNICES L, 304545
BLU4HRZCHE ZHEHE L7, 2ml ® Nutrient
Broth (NB) th Tk <EVEL TESRIZRE
Vrir—b%&, 51 NBZTHERE, HEEX
B L C 1R L7, o v =—$oeihill
L, BRNOWEHEHET L.

IIL. &% R

1. MES it

FN & X 't FN $ii4& % H \» 7z coagglutina-
tionik Iz £ VD 38t & /- FN (B & Bk
MES @ FN #&&&E 1L, #k HLj o895 Th -
7z (Fig.2a). HLi 8 X O* MES ®FE 3 % FN
GBS % west-western blot AT DS,
HLj T34 7= 200, 150, 70-kDa 12 3 D Dff
Wiy 7 il &tz (Fig. 2b, lane2). Zh
53D Z DS FED S AL, FnBPA,
FnBPB, 8 X U Broad-specificity adhesin &%
Z o pme - —F MES Tif, 150 8 £ U070~
kDa @ 2 D DS IZERD 5Tz 28, 200-kDa D ¥
TF VBRI Tz (Fig. 2b, lane 3). Zhild
MES @ FnBPA WM &6 D DOEEBH L 2 &
RS 5, ZOfcBL, MES 28 FnBPA dii

EEN
a 1 2
kDa
175 -
83-
62— g
47.5-

3
200kDa

I

150kDa =
T0kDa > —
5

Fig. 2. Characterization of FN binding and FN

binding factors of the low FN binding strain,
MES.

a. The amount of bound FN on each bacteria
surface. HLj, the parental strain, and HLj-
derived low FN binding strain, MES, were
treated with 100 xg/ml FN at 37°C for one
hour, and washed. Bacteria were suspended in
196 SDS solution, boiled, and -centrifuged.
The supernatants were separated by SDS-
PAGE and stained by Coomassie-brilliant blue.
Lane 1: HLj, lane 2: MES. The supernatant
corresponding to 3X10°CFU bacteria was
loaded in each lane. The tickets beside the
lane show the signals of two isoforms of FN.
b. FN binding factors of HLj and MES.
Bacterial lysates, digested by lysostaphin and
DNase I, was separated by SDS-PAGE. After
transfer to a PVDF membrane, the blot was
blocked and treated by 10 xug/ml FN. FN
signals were detected by anti-FN antibody.
Lanes 1 and 2: HLj, lane 3: MES. Lane 1:
non-specific binding by normal rabbit IgG,
lanes 2 and 3: anti-FN antibody. The lysate
containing 4 X 10®* CFU was loaded in each lane.
This result was reproducible in 3 repeated
experiments.

LT mbA 2R T 2B 2R T 520,
PCR f##ft %2 {T>7-. Fig.3alcx L 72 & 9 12,
FnBPA 3 F7:2 52D A B,C,D,W » 5
RIS TBY, DEEE 3 DOMFEZ FN fé&
Az (D1, D2, D3) &, 1 DOARFELEA (D4)
SRS N3, £7- FnBPB 1213 B SEBIZ A L



& FN fEEHERERIC B Y 2 BEMAERAOET 153

) FuBPA Si A B|] C 1|2D|3|" Wr WcM
homology k“%h}%‘“ 435 i 94% i
FBPB S A C 1Jz[j}ng Wr w.:M

(Eur J Biochem 1991 ; 202 : 1041-48)

1 2
I 162700 > i
207bp >
93bp »

Fig. 3. Analysis of fub gene in MES.

a. Domain organization of FnBPA and FnBPB. Domain B exists only in FnBPA and not in
FnBPB. Domain D is composed of three complete and one incomplete FN binding motifs.
b. Detection of fubA, B, D1, and D2 by PCR analysis. Bacterial lysates were prepared by
achromopeptidase digestion. I: Regions A+B in fmbA and only A in fnbB were amplified. 1I:
Regions D1+D2 and only D1 in fzbA and B were amplified. Lane 1: HLj, lane 2: MES.

B9 Ko T2 o0#EGBT AL, ABLUC
HIMOLEHIY 2RFBES 2774 ~v—DEy b
(F,R) #lHw3 Z ik b, FnBPA ® A+B%H
B H %13 FnBPB @ A $HI8 1 #1243 5 DNA
FHIR (£%%21,810bp B & U 1,627 bp) S W IE & 1L
3. ¥7-2n xRNz, D1 B X0 D2 $EIR S EER
WHmE Ry 28T 5 794 ~— (F1), B &
UD2HEBOBRMET 2 RBHT 2774 ~—
(R)D®Evy +ick v, FnBPA 53X U B @ D1+
D2, X U D2 122§ 5 DNA FHI (% % 207 bp
BLU93bp) BEEIEE NS, T o DFENF DR
R, MESZBWTHERLEFROIT RTOY T
F o E 7z (Fig. 3b-1-1I). X - T MES I
FN &2 HE T 2 DEEEL L&D, mbA %
BEELTWa Z R I NI,

2. Mg¢IiZL&? MESERIZHITS FN %R
Table 1 1277k L7z & 512, FN L8 L 7= HLj i3,
FEMFE DB EITHEART Mg 12 & 2 BHEEM 5 %
WL 72, Zh & i MES o4, FN

Table 1. Effect of FN on phagocytosis of HLj and
MES by macrophages

the number of ingested bacteria/macrophage

strain

without FN treatment with FN treatment

3.72+£9.18
1.20%5.35

HLj 0.784+1.95
MES 1.70+4.22

FN (200 xg/ml)-treated or untreated HLj or MES
was added to the macrophage cultures (bacteria/
macrophages=20/1). Fifty macrophages were
selected randomly, and the number of ingested
bacteria was counted. The mean values®SD of
ingested bacteria per macrophage are shown.
Statistical significance (p) between FN-treated
bacteria and untreated bacteria of HLj is 0.03, and
that of MES is 0.41.

WEOERITZOWEBRCEERL RIZTS ko
72, ZOFERE» S 200-kDa HF~D FN Ofs &
73, FN 054 2 M¢ O EaEIc & cEb
3 EMIRENT.
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3. fRiESEMARIC & 2 MES BUAA

PESEI X B 7 R U BRE 2 BUA A 7 R b —
VARBT I EBHRES N T WL, ZOEGA
BIFNHIAOEETCRE I S 2w & (F
f2), EEMEEEMRE SR 2 OKREICFN 2 &
t ECM 2T 5 2 £ 522 FN IR
M & 2 A7 P VEREOBGAA I S L T
WwheEzoMh, ZhicBELT, 7 X L-929
FRHETEHIIC X 5 MES OBGA A2 DWW THREF L
728 2%, FNALEED 2 WIZIELE O W o
&b, L-929 M cBGA £ 15 MES #udBikkic

Table 2. Ingestion of HLj and MES by L-929 fi-

broblasts

the number of ingested bacteria/cell

strain

without FN treatment with FN treatment

7.03£6.71
0.23£0.63

HLj 6.03£5.75
MES 0.17£0.57

FN (200 xg/ml) -treated or untreated HLj or MES
was added to the L-929 fibroblast cultures (bacte-
ria/fibroblasts=100/1). Onehundred fibroblasts
were selected randomly, and the number of ingested
bacteria was counted. The mean values+SD are
shown. Statistical significance (p) between FN-
treated bacteria and untreated bacteria of HLj is
0.26, and that of MES is 0.48, whereas that between
untreated HLj and untreated MES is <1076,

[ES

HAFELETFL W, £/ Mg I L 2BED
BE 3R LY, B FN FiE X% OBGA A
B R 5 2 o7z (Table2), 200-kDa R+
& FN ofEFRIZ, SHEFo®a 7 P vk
EBGAAIZOWTHEBERFETHI EEZON
7z,

4. 7 ARBIRAEER O MES OB ERE

Fig. 4 1%, iz 0&D HLj %t MES 2~
7 A BEIRNICERE L T 30 2B 0BNE K 2R
3. HLj Ti&, ¥ 7 A 1fE#E% 720 4x10° CFU ©
%@ T 3%x10° CFU/kidney O &R D & h,
8X 10" CFU 0 ¥ 1# € & & W £ 1d & K () 10
CFU/kidney) I2#E L, #h U FOEBREIESEH
BomeE b0 S khoiz, —J, MES Tld#
FERMN10°CFU 22 72548 TH BRNOEEIZ
BED 1/2-1/3 TH Y, BRI TEBEHDH
FIET LT,

Table 3 1%, =7 A1z 1.5x108 CFU DO % #:4&
LT309BL 4 HBICBT S, B1HEY:YE
BREHBOFE 2R LI bDTH S, BHREE 30 45T
XEANO MES OFUTEED 54% ThH o723, 4
HHEICIX 129% 12 £ TIET L7z, MES 338K
PWARETHINC B W CIIERR & RIRE O#%E % 7~
L, MEROMIEREIXEISE EEZ 5NEDT, ZD
EHDZEE I MES OB OEEENEKICSH 2
72OThHDHEHEIND,

> [ ]
2 15 +
T
X > [ J
3 2
8% 10} *
g3 S
o L PY 9
- 9 8.
.&’9 5+ ™ _9 o
5% . g °
3 L) o

0 1

2 10 40

inoculated bacteria (X107/head)

Fig. 4. Adherence of HLj and MES to mouse kidney after intravenous administration.

Various

numbers of bacteria were administered to mice intravenously. After 30 min of inoculation, the

number of bacteria adhering to a kidney was analyzed as mentioned in the text.

Closed symbols :

HLj, open symbols: MES. The bars in the figure show the mean values of adhered bacteria.
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Table 3. Colonization of HLj and MES to the
kidney after intravenous administration

the number of colonized bacteria/kidney
(x10® CFU/kidney)

strain

30 min 4 days
HLj 8.84+4.3 5,200+7,600
MES 48+1.7 640+ 560

HLj or MES was intravenously administered to
mouse (1.5X108 CFU/head). After 30 min and 4
days of administration, both kidneys were taken
out and the number of colonized bacteria was
counted. The mean values+SD are shown. Sta-
tistical significance (p) between HLj and MES at
30 min is 0.11, and that on the 4th day is 0.25.

ZDWERD S, 200-kDa K FIXEME 7 N 7 ERE
DEFHBANDEB BT BEEBE2HT
LrEzoND,

V. % 2=

HO7 N VEKREIE, Bb R FNEAGRFELT
FnBPA, FnBPB B X O Broad-specificity ad-
hesin ZFHL T30 2o DRFIE FN &
OMEFER%ZHEL, ¥ 7 N YEREOE LM -
B~ E S L T\w5, FnBPA, FnBPB
X FN w4 2 2V 7Y —ThH Y, ELE
&F fmbA, mbBIWZ 2 —F 3 Tw3, Broad-
adhesin 3 FN ® & & 5 7,
vitronectin, collagen, fibrinogen, thrombospon-
din %, fiid ECM % > 7 00 ¥ > % 7 125G
BT HIEBHONTWSEY, KWL TIE, 2D &
5 BTk 2 &M T R 7ERE O FN &t &,
TEEAHR - MlE & OMHAEER OREEMIC D W TH
N7 ®, FNEEEOERWEESEE LML TR
NETo 7.

Coagglutination {1 X 0 #EIR S N 7- Z EHEE
MES @ FN fE&#{E T X, west-western blot fi#
HrOFER D 5, 200-kDa RHFDOXRIED 5 W ITEE
WERAT 2 EE2 60Tz, FFE,LS ZORTIE
FnBPA Th s &z oh/zDT, PCRIZEIZLY
COEAZI—FT S mbA OBEE2BE LI L
22, Bk LEBROBEMEH SN, 2D L
13 west-western blot 4T T & & 117z 200-kDa
HFOREH, mbA DXRIBETIZ% { FnBPA ©
FHUET, H 203 FN A0 R ICERFT

specificity

L2 EERBT L, ZORBRSHBROBGTRETH
5.

Mo CE2EB7FYEREOERBICIBWV T,
FN 34 7Y = U BROMREZRTY. 2k Mé
KIEDA T 70 U0, BREICHES LI FN &
WETHZETMe BEEILEND IO TH D
EEREINTB D, PURDFE & v o 7o AR
ATV =3B s EFFIc L 5. MES Tik
200-kDa A FDZERIC L 52 FN OFEETLED 7
», LRROmHASFEESNT, EREEORMN
bImbonkrolctEZOND,

Bl A Tx <, MRS i
7 R UEREEIGAL 2 LR SN TW»BDY,
BoAE NI, HAGHITIEY Y Y —LIKAS
FICHIfECHBE L, [EEMIEO 7 R —v X
EEHET L0, IR EAT N Y ERESHIISE
EMMETh I rrbod, KL TEER
RBYYERR I —NEEZ OGNS, Zhs5IERM
JANDEGAAIZ BT b, 200-kDa HF DS H
FHREN, BRIOR U XS CHEMES &
% MES BUAAZ, BRICH L TEL KT L.
i S oFmEIC FN 258 ECM 28
LT 35329, MES 13 200-kDa ¥ 0D %5
2 X DM A O FN & L2 wiz
B, BIAADBZELLIBY LIzeEZ6NS, h
WO FNEERTFE2NMLIEEFEN~ M) v 7 X
EDREED, BUALICHETH S Z L 2R T 5,

HRD & 512, MEFHIRC X 2 ¥ @7 P vk
HOGAA L, PLFNJIEBEETTREZ &%
v, IRk, SESEREERCEE SN FN <
FY Y 7 ADEFEEPRGAAICNE IR T L RRT.
L7cBoThor UOHMRE % FN LT 5 Z
LickoTh, BEFN <MY v 7 X EDREEN
fHES N, BUA N 2EHIIHD T 2 WJHeENE
2oz, UL LUERICBWTFEN AL -JELLE
EHEIICBOAABDE R e oz, 2D E»D,
FNALEIC X DB EEE L7 FN 23, fil & D%
FPIC & 0 SEHESERIRE S 2 v 13 ECM & 54 L T
AENDAREENEZ SN D,

ITHE & 1320 DUH, W7 N UEREO~ 7 A BF
PRIV O ZIEAR N E B ORI DOV THE L
Twa, Zhickhix, i, i, BowE#ix, 6 H
BOY—27CEVEEL, ZOBREHMNTARKIC
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AUz, e LB I8 W TiE, Pl 1-2 H
WEAMEL, 20%20 U EEHEEHER L. B
MR A ol 2 OMEIE, Zh SEEERT O
FHEE Mo BLOfHEIC L B EEZoNS, Tikb
5, MERBLOWHGEICERE EE 2 5D HEE
T Mg BRI ERBE T3 R nw @)

Es, FIRNEEEZOBICB W TIEEOR
HEEBLBHRES RicbrEZoNS, Lz
D35 T HERE 30 43 % O B BiE, 200-kDa (H+F &
FN Lt OEEZ LV RKBLIbDEEZ6NS,
Bk D FN HiALE 2378 EMifd & OfHEIER I
BI2LZLE, Mg IZLB3ERIZBVWTHLNLT
BHY, BHETFHIIC X 2B0AADER» S HRE
ENb, Fle s FEEKFO FN UHEE B L O
BER, MPOEREIGEEL Tw5, Lich->T
B OFIRNE S, METI s » CH L mE FN
DFEEDPHEITL TnB EEZ S, REBRIZBWL
TiE, T2 FN 2EE LE I3 2 B
JEESRE SN EEZ 0N, EoNIiER,
5, 200-kDa RHFicAh£% b OEE T N 7 ERE
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