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‘H-H RS i & 5 198
B IR FE & DI

Conformational Study of Rhodopsin by
Means of *H-"H Exchange Technique

Yuzo SEKOGUTI

Cattle and spuid rhodopsin-digitonin complexes (rhodopsin micells), which
had been incubated with tritiated water, were passed through a column of
Sephadex G 25 for removing free tritiated water. The tritiated rhodopsin
micells were mixed with free water to estimate the rate of *H-'H exchange-
out reaction. The cattle rhodopsin micell displayed slower exchange-out
reaction at acidic pH than at alkaline pH, and also the reactions were
accelerated with irradiation at both pHs. In the case of squid rhodopsin
micell, the promotive effect of light was observed in the early period of
irradiation.

Assuming that the preparations used in the present experiments contain
only rhodops in molecules, the numbers of exchanged hydrogen atoms per
a rhodopsin molecule were calculated at 81-101 according to the formula
deseribed by Englander. It was also suggested that two to three exchangeable
hydrogens are exposed by light in the cattle preparation and the numbers
of such hydrogen atoms are three in the squid one. Furthermore, compared
with the data described by Downer & Englander and Osborne, the results
obtained in this experiment were discussed in some details about the origins

of exchangeable hydrogens exposed by light.

BHEFHORWE - 0 F 7y Y I@FEO R (ROS) WHERBERICEEL T, Bk
VR BD G EELEDYY, CORYEELTOREs v B, HEEO T £ 7 € H@
LTHEELTVREEZLNTVAY, BPHIEEERRT 2 LickD, Sz avF—%
BLRARICENRT 2 SBI&EMs L LTRENIERICERBES 2L bR TNE. 8T
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BPEICGRET Bicpkl, EFRMZFEM ERP) 5ELY, ROTHRMZTEBREM
(LRP) MFHE I N B, CnIIBRRETHEEBIE O/ IC Na-current WHEA LT B DA,
BHTHMOREEOBERER T < ETHOBEEMLZRAT HICESY. Ihdillast
5k ERP RO'LRP B - THEINAKELZIDDLEAONS. FEORBAEMAGA
DREET A E LT, Ca-(REiodRh S h, BMAG TR E S Y 3 LHRIBICEES
Z2EMBEORMEZED 5 HBBED ZE AL, BRERICEENTO R Ca-a 4 VS35
Houchl s, iidt Transducer & LT, JBEBICEEL, BRETHRES LTV Na-
Channel #FUBICEZ LFRELLY. o Ca-eF L 0EFELT, HEEO> 5 ROS
MWETHABmELEL, CaA 4V ERET A LEOFRYEZE LY, 2LOEBRBRTELATL
AL s L 8Ca-4Ca AR A v D ROS TR, O, Ca-'F v RREEE
FIETEHNT, BERFEETHLELTOB LY, F7, YBEr F 7y v OB 100
v oD ROS hicgFnsg cGMP #8457 v 27 47 + 227 7 —% (PDE) 21
TiHHE LS AW C Emon, cNoDRHROBE M Ca-e 7 L LB L TEESINTE
FoAReS 100200 B THL AL ROS dic Yo TA: 975 30K 2 30 B (5 1 id 30K/30K-P
DHEA) H% Transduction & U THE L2 &M, “Negative CG Transmitter” O R % #E 2 52
WEDEHEMEHEINT, @ANnd Ca-eFVDBELLDBENTWEELEERL TS, 5T
ROSHIZEENBZHYE - 0 F 7y Y OWERISICHET 28I &EMICHERT 2R %
MBI LTOB C EBEEOEODT, SLBEICHES 0 V7Y v OERBEEER S 3.
O F 7y v OSSO ZEICOWTIE, $TIC UV B To 20, ORD (JEyesr§0,
CD (HZ@#)® R oM@ L3 BE T S OFRMITE LN T/ 1928 3y
BERE 7 v — 7 EBH O~ & LT, S HAH ZZREHICEE L, v a P 7y vyovs b= v
i (2 F7y YR 12 *H 28k (THO) A, v F7v Y - I% b= viltay (o
F7revv e 3kn) %k SH-5~0 L, FieaHit (Exchange-out) EHh oo F7y v oE
REEEBETHERERATE . L0 H-TRERIESTALEY (ERE) s vy
B EOMERMFICHNTBRE LTEDA® Y, Bie~7 24 F#EhOKEDREOKL
RN D EINT VS, CoNE» SBEICHEI o F 7o v o, (it 7y Y oEk
WS LICER LT, SN L0 K7y Y« 2 2ncd b 358 0IGE RIS & 2 0 ok
FTANSEETANT &0, ERBERO—BRERCREIAT WL B3, L A9, i,
Downer & Englander3®’, Osborne, H. B3 23T, SH-ZZHEAFANT, o Ry v ol
i, £<IC ROS hocofHpBE OGRS EBR L AERERZREL L. WMETHEPTO
BFTYYOEERBICE T 3ERENELY, bhvbhSA OB ROBRL BT L
LTWRBWETHE. KRXTE, vva F7YVIREY TR, A7 V7Y VETHREE
WEBRETE-2DT, enbEOEY, RROBRLT-#HRIONDhOBRECHT TS
L
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ISB AR R HFRSBE L G - 8- R - 439 CHRETITELNAEbOTH
Y, EEGRERIIRRIS04E 8 B (1975) HAMNESSBIIC L3 HRSEHy v Ry v 4 E LT
HMEAY /A RETHFEDONAEBRELLOOEZILAC LEBICCEb-TEE 0. &
FoARBTIEE LIS EREHRBEEZ ST EBS . b0 TH 5.

§ REMELAE

M L v o OBAE ERED DIRERI0LIN O FEE SR IR A X TOKFICKER L, R
BICEA . MBEER RS LENG, BE, K7 v 7ObETHEbMAL.

A OBEE, LEEBBEEOHRETELLTY v+ 4 # (Dorytenthos Kensaki) %
N BT RED S E TR R AT, YR OEPIC NS £ T A A THEGEEL THE
BIGREY, Ta—7 « 7Y —F—ICFA, HEICBUTEHL .. ,

ORToUvOHEE v yo F 7y v oflBicd, & mEs0 &y, YEicivons
WO ERZROAAERBEYED UMB L, #R2 LOMEAEE 7 3HET, ROS %
HE L BERTRTHERS Y70 LTRELENLTELATHS. AL/~ ROS
U S VEIEE AT — FVMB AT > 72k, 2% V%= ik (M/15 BEEGK, pH
6.46) Tw N7 Vi Uik,

A Ha P77y oBaicld, HAvERESABRT —FVRESERKTEDLY, vro
BALIEIC KK L T B 2% Y + b =ik (M/10 #BEER, pH6.1) M/ 14
OFRBHIER 7 OAICERA I,

SH-H ZAMF IR0 F 7y vl Fv a4 vy & (Pharmachia 8) i L
Fo. 9va F 7Yy DBEAT dAswonm 1 3~5, 4 1 TIE dAssam N7.2~7T.8TH 7. F
Fo O YEBEIGEEE L, v F 7Y v T, Paoosseo 35 0.23~0.31, Pargse 752.8~3.5TH D,
A H Tk Pagosass D3 0.28~0.35, Pargrags 733.0~3.5 TH » 7-.

SH-sr A& (Exchange-in) Kk 1 7 F 72 vEhic THO £ipnxt (37~100mce), B4
DFEE FPC TA~THEA VFE 2T 2—b L. WOTCOREHE LT »5F v 7 A (Sephadex)
G25 % 10cm OFEXICDH/H T 4 (B L2em) KHL, BHT 0 F 7Y yAEEED T
SANENAB R TSV« SV ERB UL TAvE N F7 Y v} 0°C TRE LIS
KRB ER L /i, IROEBRICHE O Shik.

SRILENTCAR Ty - NSO H-THBHERE : 7 ~xrvadhion F 7y ik
BEICAEL (& 0.5ml 50), BETEREELSREEE ICHT, 0°C T 560nm Bl LoOBE
THEBRMAERS L, —EREGRET7 ) - b 2lHBE,OARBICE DB L THASR TEER
W UTce TOH, WHREREL T v FIC LT T X ORBLEER BB T M BRI L 7,

BEEERE LREREZ 03ml 0F b I FATVEY A KO Ry LKL Bml O
& g —nicEM L, DPO (2,5-diphenyloxazole, 4g/toluene, 1) & POPOP (p-bis-2 (-5-
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phenyloxazolyl) benzene, 0.1g/toluene, 1I) & 4A&dr> v F L —3v 3 ViR 1I0ml #in%, %
Ko vFr—ay e ANg b ox—4&— (Packard 8o Tri-Carb Jf¢ric Nuclear Cicago
W) TRt *H-J AR Uk,

§ REER

RE 1 o V7 v yiplid olsE THO oo
o7y vl THO 2 BeaE, BEbIKk7 7T v 2
M/15 BslsiEming (pH 6.46) T S, Iml SO08FHIKHT T, FhFhoo FFvy
B (Ageam OAF 7Y VETRY) & H-BHEEESZRE LA BREMLRYT. COER
it SH 04 s#ER0me TH-h S, aF TV YAEOSE (10~14mD) ZHrE5MH5 1
o (LhoW /4B 28Ed s L, B THO Iclkd 5 *H OoRARBEDLTHEC &
DUEER U A

ACHT A COREEFBL,

Fig. 1. Separation of Rhodopsin Micell from Free THO by Sephadex Column
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R 2. 0 F 7YY e kA SH-ZSHEGA B 0O IS B R68
o Ry viEs THO L%2EALUAEINEE 3°C CI6HMEREEL, —ElEg 7Y a—
EROMBL, 9 F 7YY« S~ H OFBRIGAS R B, BRI 2 ICHRiT

Fig. 2. Exchange-in Reaction in Cattle Rhodopsin Micell

Rhodopsin : ODSOOnm 5 3. 6, P,ggo/soo; 0. 26, Pg'[g/s(m; 2.8
Incubation: THO ; 50mc, 3°C, pH 6. 46, in the dark
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CORR, MaRETIC, 1D 1EMERIGESZHOEAS, 2) BIEETERINZTU6AS,
3) FNLLOKEERTRZBINIBTVEASD, DLEG3BERBEET I 80 -
fo. FCTCRPHMBEIROESR TR, KBWBASICLBHETHREE T LK L.

BE 3. o F 7YY A0 S H-RIREBUA A IR T 5 eh i

o K7y Vil (dAsooam: 3.0, 3mb) i THO (100me) %0z, pH 6.46, 3°C T 4 H I35
HOAAF IR Z S 2%, BREBEMEEHE R M EcEas L, EEW%E 560nm 2l Eod
BENTONEBHN L. 2OBMBEESICTHRALTIERE2ABIKENENT Y 2 -
FEREBL, BFTYY e 0 SH-ZMAGAS R ERE Uiz, BRERE 1IORT.

Table 1. Effect of irradiation on the rate of *H exchange-in
reaction to cattle rhodopsin micell

Time 0 After irradiation
1 day 2 days
(cpm/Agrgnm/ml)
Dark
699 1,058
E— 690
Irradiated 1,076 1,061

FhORMOMER, RRBRHEEZTUEIENOMARAEETSHS. COFRE, 2 HEDH
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W, —RR A IO HUA A D3 & L A BRADYERIR R R L s, BIE R —dEnzic< <,
TR EET A EMELONIOT, JOBEERE TSI, M FUGEE I L
TR HFWRE L LB ang. SBOFEBREHICE C OSRBBEIEERA TS,

RE 4 nrFyrv e 3o SH-ZEHEHEECHT S pH 0B

FRNENS O FT Y e i b S H- R SN 5 E SRS K o pH TR 5
EIPEBELL. H-7XVOLEBEMOEREBETE /b, XS hico F 7Y
OB ZEILTH, —EROTvA2Y T pH 28R UL GR0GEEELRL). £7 Y
a— MCESBREDO F 7Y VESD XS N—EERICE - COBAEO O F Ty Vv ER
dAsoonm 2% 0.44 TH7c. S HICHEES N pH (25,05, 5.95, 7.20 T, 8Ll LoERHE
ZHNTHIL,

MERERTE3EAB E, BEEEICn VT oy« TicT N Ehdk H dadickls
s s, BEICEEZRICTZEPNEZR UL, Bo EBUEICERE, KMATREKERT
TEROEBBEBR ORNOERE) %2501 WRRICEE T2 (£ Vo327 F O BRI
WA DRALS) BEIIRER AR L 72,

Fig. 3. Effect of pH on exchange-out Reaction in Cattle Rhodopsin Micell

RhOdOpSiﬂ . P400/500 ; 0. 26, Pgm/m() H 3.5
Exchange-in ; THO; 50mc, 3°C, pH 6.46, 4 days, in the dark
Exchange-out: 3°C, in the dark

08 [—

Q74—

log { Radioactivity, dpm X 107%)

051

Time (min)

C OEM R BB OFER 6-1D TORMOFEBZLE L TOHE S AL, T1H5, BEOK
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D pH 243 &, BEEsENI6.46 T, M5-bICRTFD pHIZ9.2THD, XA LT
OB ER AR 5 1REEER TR, 7o Y BISEmic U, e sw 1/3 1k
LT DOMBHESh.

KRS TNV ENAo P Yy e IR ORZBIRHEE I 20 me

FARNENSO Py VEERFEL, 1 EERBPHOL O EBRZT S BT 20 48, 10°C ©
560nm P LOAHRETHEE L. Ok idBe UTHRE LA, BHREE L 3°C T
BEL, 72 MMIEHIBUMOTmE»S, 7Ya—»b 0.5ml SOZWOB UEAEETEEL
Fo. B M IISIEREREE 10 4y, 1B, 2, 3, 5.5, 7.5 OZBEETH S, LTV a3 -+
FRFICHERRLTe F 7y v« S VICEET 2 MSHEENE L. BERR 4A RS h
B0 B EE R R THE L 0 S HBTER T A EHIBOROD LS. ZhoOREH

Fig. 4A. Exchange-out Reaction in Cattle Rhodopsin Micell

Rhodopsin : 6. Oml, ODSQ()mn 5 4, 2, P400/500 M 0. 23, P279/5oo 5 2.6
Exchange-in : THO; 100me, 3°C, pH 6. 46, 7 days
Irradiation : Orange light (> 560nm), 10°C, 20min.
Incubation : 3°C, in the dark
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By AL, A2 A E CoMIC, FX ML OREEAEMNL, »<&b5.5
ERLBET 2 P S ERM SRR HEENRES LB eIt ChEE,
W B A, L DEREEEE L C (X 4B-(a) @ SRS & XX 9 2 A ES S BIEETA
SO HPHOREMERDTRRT 2L, 4B D) L5y, BohicT X FITH,
YT & - CHIHEE GO 2% ET) BEES N EERTERSL DN,
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Fig. 4B.

(@) (b) o | 3 5 hr.

O

N

Radioactivity (cpm X 1073)

Time {hour)
R 6. WP HONZ I N vENLT FT VY e Tvip b OSH-ZZ B R
SH-ZHFIRICH T 2BEOEESEE S 541, 0°C TRBEGE TV 5 HIBETEE
TR L. FIEHO pH 6.1 £9.2:TH -7,

Fig. 5-a. Effect of pH on Exchange-out Reaction in Cattle
Rhodopsin Micell during Continueing Irradiation

Rhodopsin : P.ﬂ)o/s()o; 0. 26, Pg']a/s(x); 3.14
Lok Exchange-in: THO; 100mc, 0°C, 4 days
’ Exchange-out: pH 6.1, 0°C
Irradiation : > 570nm
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D RGO pH M 6.1 TEBREHICEE | REHHBE, 14, 104, 204, 304, 604
BRICT ) a -t 2RO LA COROEBERHERIBRETHS. BRENS-a RSN,
TR M A32093 t & TRMBHEE S A L, DBRERHSATOZ 1o FRIME R &SR
TR B DL & & 535 - 72,

i) pH 9.2 OBFH : < ENLa F 7y VERT AN YHETEEEEL 3FICTH IR
sy, —#oH%k pH 6.46 Il LB E, TV AIERETIEN TR USHETREML
Foo FERE L CHSIGBEOEROABIONTVS. AL 1D OEBRBERIAERERL,
72 RIDSEIRANC I U, MI0Z A RD LT, 8k, IIORT T ) ETORR
L EBRBIBRIO S TR T 2 LB 3 BRSNS, TAn Y IBK ORI hE
WKREBGUEDE DB LB L.

TN YVHETOEREZ, 7YV a—rE2L0BTREERBE L TBECESED 1E£EF<,
ABARIREMA 7o, JEBEEH BRI E-b ICRT. BREMNOFEIRESB & 1) OBt
OBEEPLBEAZERL, BICERTILS W s —VIBESNED - L.

Fig. 5-b. Effect of pH on Exchange-out Reaction in Cattle
Rhodopsin Micell during Continueing Irradiation

Rhodopsin : Pygosses; 0. 27, Paressoo; 3. 45
Exchange-in : THO ; 86mc, 0°C, 4 days
Exchange-out: pH 9.2, 0°C
[rradiation : > 570nm
1.OOp—
Q95—
i
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2090
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RBET. AHD0FToy e 3wV EHE BSOS

AHT R T UEEY YOBEESEABGETIH-5 XAETRL 7. BEHOBYSEDSEE
W, AEMIEREGERLC, v ENLA o ¥y vie pH 9.2 I L. RS
EERE 7~V L F7Y VEEROH L CH M 1 RRICBIR L a.  RADEiICE 570nm
Pl Eom@dea Ay, 5, 10, 20, 30, 45, 60 O&SEICT Y a— O F A Ml &R L
FEICIROE L, ehEFhONBEICEENE B F7 Yy « S VvOREBMEEZNE L.
R 6-aimEhsd. vy OBAREIC, 47 THHICKS SH2TRMINEE M EEI NS
TEM s, UL LCOEEHREZY YOBEAELERD, BHASSETEAS S, DIRER
ERT R EM Y, K200 LREREBA EERFEOBERICTB LR,

CORBICHVLEABOROT Y 7 - TEREHLARICHER LSO EZHOTHERE L
EHREFEUBHEHTe F 7y VEBE IS TONRBERICENTAHB L, B6-bitmyLHis
ANZ PRE SN, Mo, BESSHBIC Asan P25.5%FBOL (Ax7 o 1) 10
BRI ZDEAH29% (R~ brD2) KED, PREERNT BN s K3 La~
2 P VERLENS, 300#%IER~2 b o2 (104#) ERUBRA~2 bz, L

Fig. 6-a. Effect of Light on Exchange-out Reaction in Squid Rhodopsin Micell

Rhodopsin H P390/435 N 0. 238, P273/435 3 3. 45
Exchange-in: THO ; 85mec, 0°C, 6 days
Exchange-out: pH 9.2, 0°C
Irradiation ; > 570nm_
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Fig. 6-b. Spectral Changes of Squid Rhodopsin
An aliquot of the preparation was irradiated under the same conditions as in Fig. 6-a.

Curve A: Before irradiation

Curve 1: bmin. after irrad.

Curve 2: After 10min.

Curve 3: After 20min.

Curve B: Bleached by heating at 90°C for 2min.

08

Absorbance

04

0.2

) ]
400 500 600
Wavelength (nm)

LMK s, &0 BRI b0 F 7o v ISBELALDLBERTH - .
ARToy - SRILBCEETNATHRARLEKERTOHDOHELCDOOT
OF7YYNORZBMARELARRETFOREN LT, BREFTFY Y - 1) oz v
ROBRETRTaF TP YR TFDAELETE, N i3 Englander i KOS NARATE
Fah s

N (H/molecule)= /D X111l xep (1)

Cy: Tritium activity in the preparation-tritium equilibration mixture

C: Tritium activity in the rhodopsin micell

D: Absorbance of rhodopsin in the aliquot of the preparation

111: Gram atoms of hydrogen per liter of water

¢p: Molar extinction coefficient of cattle and squid rhodopsin as 40, 600 or 35,000

AEBRTH, HINSEO ST, CORBICHEASERID UM -0, FR2 TRV
v DORBEBVCABBROERPOASNABETHRELTA5E N=8l 0fxZ /. i
FEER 6-11) I - BRT, NV INAERODOERAWTEHET S L N=101 £/l - 7.
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UL oREBSERICE BT, N 1BREET, pHREORIELTE-> T34, pH
6.46 il N=72, pH 9.2 T2 N=23 Zbb Tz GO1/3icissc LiZpmhL o).
WIC, voDR 7Yy« Seahdfiians *H OBSEE» DRSS N3 KERTFOK
EEIELTHB L, ERE6 DT — 206, BUSKY pH 6.1 084, XHRTIOZBMS IS
-7k RETFOEE, BHEH205%T27 &40, pH 9.2 THIANLERTHSTH B0
3 &Rt Wk, ERTITHELLAIORBTH, IR TRBMENE L B - 72KkER
FOMITBHE S HMRBLT27ICD, 2050RICH 3 & 370 BFEM[MNL SR

§ & B

THEGABRHIZ DT

77 F v AGBEMNAEsuT S 7 TR THO 2084 % € LI RERS
WHETHAWC EMMLIRTHEEISHH LA, KRERTREREAELTZDOBRELCS ~
ISAMAEL, 2ICRDNAZMAREKRZEUCEIBRB INED - 2. HFICZZRRH D
ERICZEEN 7 2p WO B UARBE IBEERLTHOERLTHLEOTELABEL
BT BKEEZEOEEZESICBVTERLAC EICHES. #£57TC, Englander 2385 % 72
Bic, AERTHE, FELTN784 FRETOKRBEESRICRBEIEAFHE L Tz LT
BirbENE.

KR 2 D OAEREH TR HAZHELASICH 4 BEEL TV A ), Osborne® 3%8E 1 H
iR TR -TWa. bhbhid THO OfheesA, BREBATERLALOTIDEZ
ARBMEANAEDOKERS L INITL Do BEMNE, U LRGSR Ss0fioE
BRGHDOEICHRTEELEEEAONS.

HESNEOF 7YV —ATFEDOERINKEETFORRER?2 » 581, ER6 LI
0l OfxER /. OB F7YYOT I/ BAFTOBERS S PRERFEN T2 FED
373890 5 4> F-8 %35,000~40,000 L A TH B &, 7 3/ BIZ296hE3220HEIC Y, F
BEEENZ, o N T VDRV IBATYVICRBPIBONT 24 FEAFELDC LK
5. B0 LS i, KRERTZ LZBEN: S H-ED & 2 KREBETFEN, §T~N7
24 FSICHIRT L9 5L, 26~ NBRICTRENBIEIICRE. RabEz L b &,
Azuma and Kito®® o v Fa 7y v itgdihs~l v 2o 2EMM.6% LT BHICH. &
Z AT Downer and Englander®® DR TRAZWEINAKEOLER T &4 FEATENHDY
1.OSDHTNT 24 FEATF00 200 0744 F7a b YREHELT WS & L 72,
Osborne®® MP~NHERTH, $FLbToL s hilns LT, H-H FREINE
HEOIRAANY b ot — 2 —TREHNERGER LY, <724 FEPOIRLICS VKR
B0 TH A EFRLT, COBAMEERS CEEIED &I OLBUKEREEERL, ~Y
v P AREERIBLLTNSE EEZ TS, ROS OERPICEET ABAICE, 2OANY v 2
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HMBEOEAMNEOEE, VEF2H0TEICERLTVEEEZ NS, o Ty
DAYy 2 AFEE AL 50~60% @3 5 3T RETEHEFI TN TS LT 0 2551~ Y

7 AZERIVDT, KERTHESNARBAELKER6%E, €3 LAaXT 24 FH#HO
REBDEBICHRT B3 LB 0A B, EAgiROHKR8LI~101 LES—E LM -0 b,
RREHEDELTTELL, Mo F 7y v~y v 2 2BICEREEL TV AP DEINEL.
Wk, B F 7y i REESRIB IRV EDCEY BT, BT 24 FHO
BRI ZBRINZEDEIBEDNE.

BBAH A FTy TR, pH BRICHBIEEHEOT VA YIS L, vy oiAich
Uy H-Z N~ SN0 ERE AT B W E £ 5 L7z, Osborne OMIR T, HiBiE:S
ORBETE H OZMIFAAH PR E S ISBRESEESNZ CEARLTHEY, v &d
HNETRE DR COBBEOBESLTORREOME -2 B40ET, RUENEHEEL.
bOEEZLNS.

RGBT BHHRICDHT

KE 3T, SH-ZMEUA S FEEICE T 20 REAHT, —KBiice 0BEZE#EYT 2
MREZH, Bk, BREEET 30T UABMIICE R O WA FUS R & #H 9
B EitlLt. L AT, Downer S0 0 o ThARBERREo F7Y Vb 4 7Y TR
SH-2Z i M BB s S 2 AR U, KB 3 OBAICHEMLTYE, LhLAa v
BICRHETMOLZHIH IS (£ 2 0 F 7y v TARBR) OMREAERS ~7 LRAEDE
RLTWA. B - TORIE, < OB SH-ZZ BT BUS O3B 2R #E T 5 & 4 5 F 2 EH0H
e B AL L OHIBY LB AR 2oL,

STHEHS TR, R4ACRTERFORHE, » /7 ABTHALEL LR 4B-Q 2547,
WAL - 7o EHE D S SH-ZZWMI R REES B b L& R L, HETT R bl
SR OBER & SHEICR D C &b B ENEHIE L IOLRME B OPIRE % 5 72 [ 4B-0) 2> S
WoNdEER LKL, C@Tﬁi%ﬁ~iwﬁmwﬁtiﬁ EEEATVS. £CT
BEORHEZIEY, REAEGROBEMTHRET IRHICLTHN, S5, SR pH %
IR E T A A YV EREEERATEET I EICLA. e MTOERT, £42EAT
BIFPEFEERERT C LD -, AT, HRHTRBRINIEBERICELRT XD
LI 2 BOKBRTHE o F 7Y 1 0TFHOBENT2, T T3TH-7/. %
AhoBHOFNT A LD RENICC VT &, WEBERRTORBEET VA VLT
PEFEMOTE ZBRBEOENALNS C B EICHEL THEOZHKRROENHB DTS
A5, THbE0CTa FFy vhBed s &, BT 2 - v ¥V 7y v TIOREEDDL
2 (PIBoBniE) +a0L, TAoa kTl g2 -0 FFY vy Idhd N-vF=)
FU e T VANDEELEBEEINTVEY B, ol BhEEROBICHRT A4
Y VERBEOENNOEERBLTV IO BN, FAERT THiA AERTE, X
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BORRIEFEDIFENIC2 OBRBEZ~T3S BRI B@zRLAL (B6-a). 1 o7y
OYGEERBIERT, & 07y v I tT0EE, S5IEN6L0ETHET ZHE
BREWDNT, WANADPEEMSRHNENTVELITHEL, M6-bhdd, A~z L
WEDIEENIEEB L THEBELLTWVWACEERBLTVAEDT, £ ORFMNLETSH S
D, Bo AT Y OERBENETRICON, TRINEEDKENRTBEBICHALDRT
Bhdsc T dREDONICLERS.

ST, R THAKZRINE S B o/ BRICER LA 7)) BOKER2HES
DHFELT, 724 FIchskdaEThE, ~Yy s 2EMED LA &S, ch
BENDRETELILIICEEZL NS, Osborne 5WEHRAR~Z b bZmE L, SH-
THER OBENE, o ¥ 7y v T, BESKMENBZKREE, N7 24 F# GBS
H-#4) fd0od0 LD b UAXBINICS WHEZEZZEZL 3 CENEETHE L FELTL
B, BT, N7y vicgENS SH BICH T RMEMN 5194099 - g v ey BRSO 6
OSHEDS L, 27 MEBERLTHT, XTIy BEHRL, holrlds2 -2 V7 1L
BOBRBABAKICEETICEEEEL TS, COLDIBHADEREDIKEIRER THH
INEEZBD, NPV VOREBRILVFF - BA TV EEAETEIY v 7EED S0
P ALOKENBRT B CENBEE TR EELZTBEENTH A bMNE0. —E~x7 4
A4 V@, EKRKERBEZEUANY v/ ABEEEZZL0HIOETCER T I UMNERS
WETBINEEELED, BBESOREOBRFPSBRETHEAS. LHLEHLT, AERTR
TR, v PPy v EKRA TV ORREEEEE T2 I hABEOERERLE LA
bOLEZB.

§# 1

BYEELLTOYEAAOu R Ty v E2EOHT, v+ =viitiic THOZEBETr F 7
SV IR H-F NVETE 5. TORR, BUBE® pH 7% 6.46, 3°C T4 HWL
7 B MECAA ST bR & ¢ A, Englander OR™h o B2 WREN B KEDORKIZ
HB D& v FBETNTa F Ty vy EThil, 81~101 OEMNZ o, T ORDAD
{4 8°C, pH 6.46 THRELTITALN S L4 B TEHICHBRET L &0 - 7.

i SH-ZE IR ic 20T, RIS O pH ML DBHEOF BT OMENBEL 5 &40 -
reht, NDEMEHGEICE, BEBROGHAOBICHILEESEES N, 7 OoRBTH,
FEWEh pH 6.1 TH AWK RBRENS LS R - L FEOKEOKEZ o F 7o v B 24 318
a1, pH 9.2 TE3 T ot AHTHEHCOEHTEED 25 MOT3 7 & 2 BEEICHR
EhBKBREET HIREA .

NSO MENIAKEOHEZEIC DT, Downer 53 & Oshorne® D Z B AR EHLT
EBEER S
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AR RERFEREREYERBETHEES N, H-5 N v O ER RSB S E R A
EREBETT OO/, BEOHBTAMRICEAEEEEL Of, HWH &N & AT
BRI RS T IC BB L, O S OMRICEETICEHT 20, R AERO— BN

L, B&@ICEn Lo RER G W O ICEINIIB BN E 5 U 2N EBEERIC bR 2B~ 0o,
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