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A STUDY OF THE PREPARATION OF PARATROPOMYOSIN
FROM PORCINE SKELETAL MUSCLES

— Comparison of Frozen Porcine Muscle with Fresh Porcine Muscle —

Minoru YAMANOUE, Hiroaki Iwazawa, Takashi SAko,
Takahide OKAYAMA and Isao NISHIKAWA

Abstract

Paratropomyosins were prepared from the fresh and frozen porcine muscle. The amounts
of paratropomyosin prepared from 1kg of muscle were 4.lmg and 2.1mg in the fresh and
frozen porcine muscle, respectively. The rate of frozen muscle paratropomyosin to fresh mus-
cle paratropomyosin was 51.2% and the cause of decrease of the yield consisted in both prepa-
ration steps of Ca-extract and Sephadex G-200 fraction. On SDS-PAGE, both of paratropo-
myosins migrated as a single band having the same chain weight of 32,000, which corre-
sponded to the a-component of tropomyosin. In adding the paratropomyosins from the fresh
and frozen porcine muscle to the reconstituted actomyosin, the clearing phase was respective-
ly prolonged 2.8 and 2.6 times that of the control.

From these results, it is concluded that the frozen muscle paratropomyosin is the same
as the fresh muscle paratropomyosin, and that the frozen porcine muscle also could be used
as the material of paratropomyosin preparation, not considering the decrease of yield of

paratropomyosin.
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FEEEL., BEMELZA»S AT O RIF IO
BTy ehTcainid, LEXEYARERT A
ENTEREEANTHL, LrL, —HIALHEKET S
LRMEDOPITMIKKE R TE, FRFKREL L DICD
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I B OBEERIC T, FHRMENS O KK LB T TR
McEBINESNAAS, —8EFY vy 7 (W) & LT
HLTLEw, 2OMEREL -AORBIZFET 5L
BERDLEZ-TVSEY |, 20X ) CERBERA L
RO RZ 2 FEFBAN S /8T Pa R I 42 A
WTEZHEID, TLBBEINLL LTS ZOREDY
EREZEAONRFI IO RIF TV ER—THEHED
BAEHTH 5,

AL TIE. MOBKEXRA & FETFRA O 2 %
HEE LT PRI Y ORBEIT-> 7, FLT
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FERRECIE B L UHEB L2/ 7 ORI+ T DF
HOMBLIZ OV TR, BREFEA Y7 boR It
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1. AR S LUHRETIIVORY

BRE#NT ~ FL— 2K (90~180H &) DMHEE
B 7R S, BRI LB AMIEREL DO
YEREHROGRRE L Lz, $R2ERR. BE%
4+ 1 CT—BRIREL %, WERGE I EEERH L
BBL, #7399 7TRELT-80CTHMEL 72, —
EME (1~ 3:80) FEEBR4 L 1 CTRREERL,
JERE L B AHBEREL L0 EETROMARE
L7z

BRI E N oA EE S S5Perry & Grey D
FEW (It TR L,

2. 2N ROAK

34 Y it Perry DFEY 12k oT, TrF VI
Rees & Young ##i#1® $ & U Spudich & Watt @
FE 2koT, PaEIF Y ViE Bailey O FED
DHBEED Lo THBLL, ERTZ FI4 Y ViR
Nakamura & Hattori ® 513 12t > T, 0.5M
KCLCHmE L7342 > (6mg/ml) & 0.1M KCIH D
TorFy (2mg/ml) *HETOHMREG L. 300U L
K LB BER s AV C0.IM KCliZ 25 X )12
FRL, AT 7 F3IAY VBB EE,

HREE - i & -

RILES - @Il M
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)$5 PORIA Y OFBIE, Takahashi 519 12
T ARERGLODOT PRI D U FARELY L
BLTiTo7, BREHASL L UHEERA»ORARL
75 B 44 % Hattori & Takahashi D5 126 -
T, 0.1M KCIl, 1mM DTT, 1lmM NaN;, 1mM
CaCl., 10mM Tris-Maleate buffer (pH7.0) ®Ca-
B H20mg/men 7 s EIRETREAL, 42 17T
TWo L ) LB, T2RHEERICITL-FIA4T
DFRETF 4 HF—T5000rpm TIBHMEETF M4 X
%HE £1210,000rpm T205WELSHEL. BohE
Bl % Ca-T & L7z, Ca-fliH4 % 40-90 % #2401 T 6
AW L, HESEE 55 % & 52 Sephadex G-200
(Pharmacia Fine Chemicals #t#) 7 Vi@iEic &
DSBEL 72, AT A3 PIE25mm, &R0 (7 b —FH
No 2590) =M L7, A& x@imL. 0.1M KCl,
1mM CaCl., 20mM Tris-HCl buffer (pH 7.5) &
WCBHRLEER, 420 —2icoBash7, /87 b
ORIFYVOEWREETAE LY -2 ESP &, IM
KCl, 10mM 2 -xAn#s7bx %/ —), ImM
CaCl,, 20mM Tris-HCl buffer (pH7.5) D&
T4t L. IM HCITpH4.5 IZFHEL 2, ZERTW-
CDHEHEL A5 pH4A.5 12 1 BFRIMREF L 7. 10,000
rpm TOTHEELSMEL TORBYWELEDO0.6
M KCl, ImM CaCl,, 10mM Tris-HCl buffer
(pHT.5) OBWIEHL, KEOFERICH L T4 £
1 CT—BEN 24T - 720 F 1 %10,000rpm T304 &
LOBEL, EEWREAEIXL 22, EE®%10mM CaCl,,
10mM Tris-HCI buffer (pH7.5) O @I L T&
WMxiFw, N7 baR3IF 2052 ) A8 VERRK
X714, 18,000rpm T304 & L4 BE L Tk % [
WL #OkEBY% &5 I122EBEE L 724K, 18,000
rpm T304 &L 8 L CihB A B L, 2 & D0.1
M KCl, 10mM Tris-HC] buffer (pHT7.5) T&E@#EL.
KEBORBEICH L T4+ 1 CTENEITo 72, F0E
18,000rpm T304 F i Lo M, B & IR L AFRS
FhbuRIFT U EH

4, Ca-HHMOMHEORITE

EREHAS L OEEERA D O R L - EAH 2
5f& o, DTT, NaN, #kwv7:2 EEOCa- Bl
(0.1M KCl, (5mM EDTA % 7:i31mM CaCl.), 10
mM Tris-Maleate buffer, pH7.0) & L. 2,200
rpm TLOGEE L 72 20w %, ImM DTT,
ImM NaN, #&&Zh 20 Ca-Bil THH20mg/me
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BB EIHICEL, 411 CTWo Y LM $HEE
L7z, —E R MR 8 BRI EE 2 SR L .
5,000rpm T158 M &€ ¥+ 4 X L7:#%. 10,000rpm T
05 FELAREL., TOLEEHE Ca-fitHLE L., ¥
YT RIBREERE L 72, Ca-flHiiOMBERIT, HE
HEBRBRO Y v 7 RBECH T 28E (BH5F)
TRL 72,

5. SDS-KUFPI)LT I FHFARAAM(SDS-PAGE)
SDS-PAGE Laemmli ®HFEQ (25> TiF o7,
FEEFNRFNR2%SDS, 1%2- AV h Ty ) —
WV, 0.1256M Tris-HCl buffer (pH6.8) DiERIIxIL
FRCT—BENLIT-o 2R, 35MEBL. FHE,
BPB A (0.1%7as 7/ =7 )V—, 50% 7Y
+u -, 10mM Tris-HCI buffer, pH6.8) LiR&
L. BRIKBIHZRE L Lo 12% 58 )V L 4. 5% i85
FIvEREV, 0.1% SDS, 0.025M Tris-0.192M Gly-
cine (pH8.3) ?Dik& buffer T, 4 EEMKEIL 72
#ef it Coomassie Brilliant Blue R-250 T 1 B
To7o BBIZS%AY 7 —)b, T.5%FEBAR TIT - 720
6. /%7 bOKRI AL OFEDRE

N IORIFL VDT IF L 34T O RREEOREFEN
i3, Takahashi 5OFFE® ZHE-~TERT 7 b 34
Y OBiED O ERLAMOBIETIT - 720 RISiZ25C
TITV, 0.20mg7 7 F >, 0.75mgI 4+, 0. IMKCI,
ImM CaCl., 5mM MgCl., 4.5mM ATP, 20mM
imidazole-HCl buffer (pH7.0) ORCiERIC, 60 xg
D87 baR I EFML TERAME L RE L7,

ACTIN—
32,000—

abcdefghij k1
(A) (B)

Fig. 1. SDS-PAGE pattern of paratropomyosin fractions Fig. 2.SDS-PAGE pattern of purified
obtained- during purification of paratropomyosin.
Paratropomyosin fractions were prepared from the
fresh porcine muscle (A) and the frozen porcine

muscle (B). (a, g) Myofibril ;

CaCl; fraction.

(b, h) Ca-extract;
(c, 1) (NH.).SO« fraction ; (d,j) Sephadex G-200
fraction ; (e, k) pH4.5 fraction ; (f, 1) 10mM

7. 2R RREDRTE

% 37 KiME X Gornall 54) ¥V Ly ME (&
F550nm) 3 & UERAHERIRINE ) (% R&280nm) & -
THIE L 726

0. EBER

1. XS rARIAICOEAMNEREIC & 1T 3SDS-
PAGERDLR
BRE®ASB L UREEEA» LD bOKRIF Y
Y OERBEREZ 517 5SDS-PAGE§ % ¥ L. Fig.
1Rz, BREXAS L CHEEFBRNOME LI
FRRAED S L 7-Ca- il % . MBS EE, 7 Vil
B, SBAARELENLED L IZ0o0, T bR
IATUICHYET 532,000V b GO Y V82
KB anredt, £oMFIBRERA & HEEFEA
TRbHTrTFo@o T, ThbL, FEFEA TR
AR A METE - BB R A T A 5 130,000 L +
VIEEDONY FA 2 ARED bz, Ca-fitiHicid, 3
2,000 7V + B4 %13 L 135,000, 96,000, 43,000,
36,0005V b VSR ENET R TV, BRESZA
Tid, 43,0007V + Y FHED/ Ny FAHEEER L D b
B CRD SNz, METEES TR, BREZRAS &
UEEIMAL RO Y PR LN, BRER
PICEF BRI 5 Tld A o e o 72 2 A9 30,000 &7 v
M AEDNR Y Ko, YLVIRBELIY -2 T
i, 32,0007V b YEAHEL R DA, BREERRA
TEDHHN72T4,0005 b b v U OB TFRFESHHEE

BB

abcd
paratropomyosin from porcine
muscle.

(a)fresh muscle paratropomyosin
; {¢) frozen muscle paratropo-

myosin ; (b, d) fresh muscle tro-
pomyosin.
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IRATRADIZ oz, SBEERES TI1E. BR
BEHAB & UHEERAII232,0007 0V b oy FLL
MizT74,0007 0 k> L 80,0007V b > DN FHTED S
N7z, BREFENTIE, SO/ FIZSICHEE -
Too NS PORIA L VT, BREZAB LUHE
FERTRIAIEIC32,0007 L R o o8T PO ARIF L L OB
—NRY FRBD LN,

Fig. 2 CERERA LA TBAOZh Ehr» b8
BLANS PORIA YV ERBREEA»SREB L7 b
uR3IF L DSDS-PAGEgRERL, PO RIA
Vida, BO2EDNY FIZikBIE N5, 285 bR
IAVVRERERAS L UEEEBALIC PRI 4
YD a BAITHEET 532,000 OB — Y FE
LTikBiSh, FFEICEXFDLL0D, B, BD/8F
FOEIF YL OKEEEREY L —BL 7,

2, X hARIASCOTIFL - 3V URBEESD

RAWEM

BT M IAY VBBHICATPAMZA A LELIC
ERLERI L, SEISET T 2 REI SRS 5,
FOBRBENBRCER L TBILRERT3) . &K
FORMIFL LIRS ORIA SRR CBIERY
RITEERMOESIIHERTERLOHMASEE T
BENDLZENBEOIIIL->TBY2D | 85 o K3
I roEHAEEL L TURERTWS, SEIOEMGT
WERT7 7 PIF L VICATPR ML EHLsE S L
7otk BILBAHET 5 T TOREMIZ, T bPOKIL
YHFEL 2V RERTIX2. 95 - 72 (Fig. 3),
BRT 7 IV VICERERAP SR L7285 t o
RIA TV EMR5E. EHCIME8. 2B Tz

VRO 8MEICER S W, FEEFBAL S DT b
ORIF T VEMR IS, EHMILT. 5B TH
2.6MBIER SN, CORR, BREXA L EEER
RrEOEMLZNT NORIF VBT IF L EIALY
YHEREOHERSEEALTBY, I-HEOHENE
WIIBEAEEN NI DL NI R o7,

[=]
w
1]

~— ATP

ABSORBANCE AT 660 nm

) 7 s TR
TIME  (min)

Fig. 3. Effect of paratropomyosin on the dura-
tion of the clearing phase of recon-
stituted actomyosin.

(a) control ; (b) fresh muscle paratropo-
myosin (—) and frozen muscle para-
tropomyosin (------ ).

3. N PAORIFLCDOEANBEC I3 28T

1% ()4 ¢
Table 112, BREZA L FETBERA» SHAR S N,

BIREN2&5 vy RESOR., FHEMHES © s &

B2100% & L7:ROENEB L UVERERAD ¥ ¥ 3

VEBINT HFEREMAO Y Ry BEROEESRTRL

2o BBREKRATIE, HEMBES » /7 BISHA 1 kg

Table 1. Purification of paratropomyosin from myofibrils!.

Fraction Total protein (mg) Recovery? (%) Rate®(%)
(fresh) (frozen) (fresh) (frozen)

Myofibrils 94,340 96,120 100.0 100.0 101.9

Ca-extract 14,699 11,132 15.6 11.6 75.7

40-90% (NH.).SO. 1,518.9 1,124.6 1.61 1.17 74.0

Sephadex G-200 182.8 92.2 0.194 0.096 50.4

10mM CaCl. 4.1 2.1 0.0043 0.0022 ol.2

1 Myofibrils are prepared from fresh and frozen porcine muscle of 1 kg, respectively.

2 Recovery is respectively expressed the amount of myofibrillar protein as 100%.

3  Rete is a percent of frozen muscle fraction to fresh muscle fraction.
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594,340ngBAB S h, FHH S 5Ca-HH PR 214,699
mgCHRAEMME S » /3 BED15.6% 75 - 720 BRLSHE
SEI31518.9mg, Y ViIEBICL W ABEXNE L Y-S
B EIZ182.8me Ao, TR ENEERME Y ~ /32
REDL.61%&0.194% DENERZ 72, BB X sz
5 b ORI A Y iz, IngT0. 0043% 0 EILR 72 72,
HAERT A A S 1AM Y %2 K 1396,120mg iR B &
iz, Ca-fiHi#i311,132mgihi S 0, SHEMME Y » °
SREDIL 6% -7 LS EHESEIZ1124. 6mg T
1.17%., ¥ Vi85 1 ¥ — 27 E5&1392. 2mg T0. 096 %
DEIERE 72, HRENLS PORIF I VRIZ, &
IR T2, ImgA%g S e, [EILEIX0. 0022% 75 - 72,
RS 3 HRIERERA L AFTEATE
RIZE AL LD o72H, Ca- R IGHEBET A T3
BREHANTS. 7% Lot S i o7z, BRESHEE
SR, SRR TIERERNOTL.0%TH > 7275,
FUEEE 1 - BRI, BREKANS0.4%L &
LIET L7, BREMICHE SN -REFEA» S0
FhORIFY BRI, BREBRAODSL 2% -7,

4. NRETREOME

(1) Ca-iti & DR
BREFALFREBA»SD T buRr3Itirn
INEA KB L7256, BREZATIIHARE Lkgbr s
4.1 mgDxZ bOEIF L UHERENROHF L, H
BEEEAY»S 321 gL 2RRS Y, BRESAOR
IXED51.2%ick ¥ F 57 (Table 1), CHOEEMD 1
DL LT, FAEREA TIIFEREBMED & Ca-TlH bt
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20 80 720 760
DURATION OF TREATMENT (h)
Fig. 4. Effect of the 1mM Ca’' treatment on
the amount of Ca-extract.
Ca-extracts were extracted from myofib-
rils with the Ca-solution containing
1mM CaCl: (O, A) or 5mM EDTA
(@, A).Solid line, fresh porcine muscle
; Broken line, frozen porcine muscle.

Hahicd wI ez bh, BERERNOMMEL I
By a0, mbBEMcxd 2Ca-MY o
HEOEL LM, Fig. 412RL7:, BERES#AILS
17 5Ca-fiHioMHE Iz, MEEMAOHBERLD
HBE LB TRV EER L2, BREZNOHMHE
A BARAEREIC 131, 9% 75 o 2%, 48KFRIH T TIC15. 4
BLBWL, FOBIRYEML 7, —HEETEAICB
AR RASEIC LA TERERA LIZ L
ALEITR, A8HMHE £ TI2.3% L INL 7245, #0
#%14%RIHTIIIZ—F L 2272, 1mM CaCl. of{b
DiZ 5mM EDTA 2L BERTIZ, EXE
%y L B AR I RBEEDL.5% £1.2% 2 6,
48BEMIH LIRE 5 %alth & 4 BRIBRT—EL 2V, 3L A
EHil & o 7o, T2RMMMBHOBRERA T
2 FEAETBANOCa-THH R OFE1374. 9% T, Table
LIZ/RLZ235 bR I+ 2 Y RANEBOERICITIZ—IK
L7,

R% 3t SWEA: e 2F %2

BREEBAS> WM ENENT FaRIt s ol
BT, S5 VERAHEICIZANERTELONS
(Table 1), 20 7-HEREHZA DB X U HEEEFRAH»
5 DML EE S 2. FhEn250mg$ > 7 L ilE I
IV MEL, FOEKREFig. SIIRLE, RESEE
FEERERA B L UEEEEAXIC4 oD -2 1lh
Bah, BlHian, X7 PORIF T UNETINEE

of

ABSORBANCE AT 280 nm
(=]
]

L A . )
[+} 20 40 80 80 100 120 140 160
TUBE NUMBER

Fig. 5. Sephadex G-200 gel filtration of paratro-
pomyosin. Each 250mg of (NH.):SO.
fractions from fresh porcine muscle and
frozen porcine muscle was applied to a
column (2.5 X 90cm) of Sephadex G-200
equilibrated and eluted in a solution of
0.IM KCl, ImM CaCl: and 20mM Tris-HCI,
pH7.5. Solid line, fresh porcine muscle ;
Broken line, frozen porcine muscle.
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LE¥—2% olkiEiz, BHEE %A TIE0.665 (Tube
No. 56) . FAEETREPI T120.469 (Tube No55) LEBHE
BRDIIIDEL, ¥ 7 EORINE TR, BRER
AH79.3mg T, KEIRMAIBERERRNNT3.8%TH 5
58.5mg L&kt olz, T2 E— 2 ORNE
120. 733 (Tube No65) &0.561(Tube No65) TEREH%
WAL, FI2E3IE—2 Tk, 0.552 (Tube
No80) £0.751(Tube No79) THAEHEADHHEH» -
720 %4 ¥ — 7 ORKEIREREHRA T130. 850 (Tube
No96) . HALEFEEA T120.861 (Tube No96) TH LI
ROFHBL LB o 7205, WFIIZTEALES B h -7,
FVIEBECL > THEL -4 2DBHE -2 %, #
NENSDS-PAGEZETH#HT L, &L - #F % Fig.
6ICRL7, HLE—EDTIX, BREHRASB X UE
RERAIC ST ORI+ Y YT 532,000 5 L
PO DONY RDEL B EDz, SSIZEREZRAT
1374,0005 v b Y UL EOBS RS VHBIICED S h
7295, BEEBATIRADII o7, 2 V-2 T,
32,0005V kDN FEBBREEZEATRDTH»TH S
DIl FEEFBEATIZHEEICED S h, /264,000
BLUT4,0005 NV b L EDNY FOEEBIZEREL,
FEIE—JESTREBRERNSL L CEBEEAICT
2 F KNS T 542,000 0 F DNy KHED SR,
FoE4E— 7 ESTIZEEL220,0005 0 F Y LLTF oo
VEFRELTE), BREZN L FEEFBRARIICEA
BEHEELZIRD SN2 o 12,

MHC~—

ACTIN—
32,000 — -

M1 23 4M12 34
(A) (B)

Fig. 6. SDS-PAGE pattern of Sephadex G-200
gel filtration fractions.
Each 250mg of (NH.).SO. fractions from
fresh porcine muscle (A) and frozen por-

cine muscle (B) was applied to a column
of Sephadex G-200 in the same condition
as expressed in Fig. 5. (M) Myofibrils ;
(1)peakl ; (2)peak?2 ; (3)peak 3 ; (4)peak 4.

Bil&FE - i W

V. # =

ABHDORN OB H V2 2 7TORIOHETTIE,
HERBOMB L I RLIBBIZL - THIEREI Sh,
TrFrEIF T BOBERE»HIEET 572010/
WTI A4 TAXAYPERVWTAIXA L FOBICHNEBOT LA
AELTRIZN D, o775y 34Y Ly HBED
S LIFREMRMES v 2 BTH BT baRIF Vv
Lo THIERI I B2, ThE TIZZFOYEBILEN
MR | B0 20 B OBERMENORES) A8
EMIERTVE,

NI PORIF Y VIAEEREROREDERGH»
LRABINDN, K, FEOARREDOHARBAFIC
ffERT2, b LAREEALBERL, Thiritee
LCRHER /Y7 PO R I 4 v » 2B TETREERNT
HBHY, REORLZFBTEA L BEREERND S D3
T hORIG YV OBRBKRES LU Z0BREOMHE IR
HTH2, SNOEDHEXHOM»IIT 7012, BRER
AL FEEBAOFNEFNILNXT PORIFY U 2H
L, 5 aRIFTONEREEOHESIZON
THEBMRET L 72,

BRE#A L ZEEBEAP OB IN//8T POk
# ¥ Vi3SDS-PAGETIE#iZ baRI L v D o B4
WCHSTAHE N FELTHREISH (Fig. 2). BB
SUBDERH IO LT bafrI 4 19 ¢
FU2Zo7, LaL, RBIUVEONRFPOEILFT LD
S FEI1E34,000TH B0 1zxt L, BRoEAIE3£1232,000
LEESN, ERAER Lo/, ZHIISEDTFRKE
EDTOIEHLIERESY Dy BEDENZEB LD
E2oNb, To0F 3T EEERHET S8
PORIF Y VOERIERT 7 FI AL OBLBO
EHCHMAEET AR TRE L 72, BREZA L&
KEBRAOWTRO/S hoRI 4 b BRI
HEEL (Fig. 3). 77F &34 v HOKE Y EE
L7ze ZORBIIERERATII2LME., FEEKEBEAT
132,68 LIIZF U7 o 7245, BRTO4 4519 L h s
Lot MO FORIF Y L OFESTICHEL
TARE O, FARERFGEOENIL 00138
LHRTERVD, SHBEA—EGETTRERD /(5 bog
IAVUDERERMET HLENDA ), WTIILT
bERERA L EETEROFR R, SR L 7285
FaR It iz, SDS-PAGELFEHEENHERE LD
Fl—ThareEZIONEHN, FHLZREIEICIET I/ BH
Bz & OB FE R E R REFN 2 BRI 2 AN
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LENHA,

ARSI FORIG Y VIIBBRESAD 1 kg 54,1
e E NS, FEEFRAD 5132, Ing L 1 RR S A
T, EREZATOIENS51.2%12L &% 57 (Table
1)o REBH CTIBEMMELgH 52D 85 b o &
IAVUIRBNERT VYt o ERNEENE
WIZE Db DH, FAREROBNENEBEBG DS
FMERIFVVIIHERVOPRIERETHL, LAL,
RTRENT bORIF Y U RABEORBICL Y, IR
HERDK 4K BENTE DY, RERGT S FANE
DYRIZLVIRBEOWMAEEINS,

FRITWA D/ bR I+ L VIUEOE T2, Ca-
i & Sephadex G-200i2 & 2 #° )\ i@ E 53 0 B
WCREYH5 L #2607 (Tablel), BRERXKNA
& BARERTEAM O Ca- W oMMED &V % F/H~ 3 7
WU, BRIRMAME % Ca- i1 #920mg/ mé ) M BE T MIE L .
—ERMEAEICHERLMEL, HBL7 (Fig 4),
NI MORIFL UV OBBPERENS 1 mM Ca’*ig
WIS & A T2RERMRIC BT BRI, BRERATIEE
FRAMEREDLT. 2%, HREEHATIZIZ 2% TH Y, B
REKRADTS. 2% DEINE L At 5720 /35 b OK
Y iR, REFHOHESTTIOM [N L 72Ca’t
W) ERREDORIENE TH 5 HERMED A% OTHEES
POEREL, VT 45X N EDOT 2 F L L REHE
CRETAILIWRENTVSY) | $1-BREKKL
HAERTRE A T2 Ca- M O B IC b3 5 75 A5 At
H5 (Fig. 1) Z&n6, BH—EREEBL - ER
SrEAD 5 OCa-fHHE ORI, 72 F 2 L Rl
BIZEE LT b aRI4+ s MR oBTH T c
%<, Ca-BHICL B0 5 87 BRSO L
bt EI NS,

FETEADONT FOREIF LV IRETOLH 19
DEEEEZ LN 25V ilEDOFBBERI DV TR,
ENEN g DL S EE S %5 VBB T2 L, ER
ERA & R4 oo — 2 12 21 (Fig.
5), NI MORIFVVOBEETEIHE I -0
N REI, BREBATIZN. 3ng, BHEERA TIRE
REZRANDTI. 8% MY 558.5mg7i 572, 81 —2
NSDS-PAGER CIIERESRA & BEIFRA i1zt 5
FORIA T VIHLET 532,000 b > DREGHE <
FHOH, BREZAICHEICED 5N7274,000 7 1L
P U EO®ES TR GEMETEAIIZD TS (Fig.
6) T ZOIEHFVIEBIIBITLT FOEIA L
VREETORREEL N, $4bbNS fOFES

F Y Y AR R D A O TR TR ORS
TR 7SR, BELLIAZFLN LAtk

(o TRELTEY S, BREHEMTIZZ AdCa’*ic
LS, ELFVIRBIZLNVE LIV —2 1258
INBUDEEZOLND, L LESERA TIIIERE
MOREBIZHENT ORI L U HFAEOTHERE 5
EREL, 23X F VHEVEIELTS) BOFRO
BEEVEFTFT L. 5V IHABEERTER
RHZELIZED, BIE—2 &N E 5 ORI S
VIORVBA LI L EZOND, T RN
TRE2E—-271232,0007 0V b VA DNY FABRE
BACHSTHEECEOON S (Fig. 6) Z&hb,
BOTFROMEERZEETELVNS bORI 4 vt
Bod—zunMen:Y vorEions, BRE
BRI 2 BAETEAD ¥ >~ 2 REOBSH Y LR
BEXRE D50.4% 2 & MBI D51.2% 2 LR L 7= (Table
1) Ok, B1Y¥—-212&8Tha 5 baRItL Ll
NDOY s RESVBRERRIIE , WBEIZ 2R
LARPNIIDIEAS S,

DED LS iEBRE®A L EEERAOVTILI ST
BN PORIF T U OMBIITEETHY, BT
NIPMARIFALVOT2F Y - 342 U HBEOEE
WEED S -BRERN L FREEFRATIZIZALTH 3,
LA LERERAD» S0 ba Rty rolikizE
RERNOIENSL. 2% EFEF o0 TRLDZ LIt
REEETRADL S5 ORI v RN TE 3 =
LERLTBY, WEIBETT2REED 2, #REE
BAERERNLER, 7 FORIF D ORNH
HBELTERATE RSN,

V. B #)

KORBKE®RASL L BT WAD S/ hoF I+
VYOMBET o, HARE Ligh oI B NS
FEARIFYCVRIZ, BREBATII Ing, HREE
ATIZ2 Ing CRBRERAOILED51. 2% 75 - 7=, B
WA TONEET L, Ca-#ili# & Sephadex G-
20012 & 2 7V iHGEE S O WP TRD 5 h 7, SDS-
PAGEIZ k2 &, M/ b 0K I 4 213 3£1232,000
DEFRERFEOB—NL FELTHREISh, FOKIH
YYD aBGFEREL T, TOF L - 34 Y LR
EOMEFEEL AR AR, BRE®N L BEERA O
NI PARIFL R BT 2 P34 Y roBiBO
ERLHME, HBOENICHRTEREFNLSEL26
BICEEL 2,
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