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Bacteriological Studies of Shiokara or ‘‘Soused Squid’’
7. On the proteolytic enzymes of bacteria

Part T. On the activator of the proteolytic
enzyme of Bacillus subtilis (continued)

K1yosh1 NAGAO
Faculty of Fzshenes, Hokkaido University

_Abstfact

The present author prepared a proteolytic enzyme of Bac. subtilis which was isolated from
Shiokara, by treatment with acetone and ether.

(1) This enzyme was activated by Co*+and Zn++. When Co*+or Zn*+was added at the start of
hydrolysis, a definite lag phase was observel before the first order reaction took plaoe.‘ When the
enzyme was treated, however, with Cot+or Zn*+at 37°C.for three hours before thé substrate was
added, the hydrolysis took place according to the first order reaction without any lag phase. This
enzyme was not activated by Mg+ + 7 ) .

(2) The Co+**enzyme was more active in the presénce of phosphate buffer than veronal buffer.

(3) The hydrolysis rate was proi)ortional to the enzyme concentration.

© (4) Ca**ion acts as an inhibitor of this enzyme in the absence of phosphate, but this inhibitation
did not occur with phosphate buffer apparently tecause of the femoval of calcium.

(5) This enzyme was also activated by ascorbic acid and reductlc acid.

(6) The author attempts to determine the mechanism of enzymatic protem breakdown. The
proteolysis was compared to an explosive disintegration whereby the large molecule is split into many
small prcducts without an accumulation of intermediates. Such “‘all or none” splitting was observed

when gelatin was exposed to the action of this enzyme.

T MR VIR CHETF & b B LA B, subtilis OBk X- b acetone-ether I X > TR A
kW ERESEEFEL ML, & ot Mot + K toystéinele X b 5L 2 5, Endopeptidasen ik
TEMERIC X b M LA h o B, BERMPRIETEL T\ % exopeptidase H3EMEL S /o B35, ENiX endo~
peptidase & exopeptidase DIFEATEMAL N2 A TEHITIHTS 553, Mo+ +3BFEROY L S8 EH
L, {EFHCEAT ARET, Motk By BBbuffer Rl & 30 3R, 370 TR 2 e B, R R X
FedBANE, Mnt+, BEEE, MR buffer BOER D% BRI ML Fo3B 4 & b 4 WL RTH 5, XMnt+

— 47 —.



DB L EPLEEXIENSIT 5 o ZI LT cysteine THEMAL 1 5 BRI cysteine, BERRUERE FRFI-
TR IB IR TS 582 B3P, o L

A pcixCo+#, Zn++, Mgt++, Cat+, ascorbic acid Z&U"r’eductic acid ik s8>\ T o
BErHEST 5 . BiEiise- L5 17 exopeptidase jx Mn++, Co*+, Zn*+RUME*++Ik biEMLE
NAEIWLN TV, Bl leucine aminopeptidase 2 * % Mg+ *+ %1t Mn+ +, glycylglycine dipeptidase
3) 96 1xCo+ + % XMn++, glycyl-L-leucine dipeptidase £1xMn++%&r*Zn*+, prolidase V) }{xMn*+, yeast
polypeptidase  yxZn++ K% 0Co™* +, ‘prolinase 1) ;xMn++, Carboxypeptidase ') {xMg*+IC k2T TaEPE L
N, BEORRIAUABHEIERS < i aBFMRAL TV 5 L Bbh, LrdbHE LTHEAL
FrgelatinlZ B RABEE T, FoEAEK T ¢ 7 Bixglycine, proline, hydroxyprolire % leucine®%:Cth %,
BH OGBS gelatin % AL, gelatin DK T $ /M oBET L, COBRRKEK
Teucine aminopeptidase, glycylglycine dipep‘éid_ase, gl_ycyl—L—]eucine dipeptidase, prolidase, prolinase,
carboxypeptidase % exopeptidase AUEEL T4 & Bbh s, EHOERREFRS L 2 OFKIX Cott,
Zn++, ascorbic acid % 7X reductic acid K X 2T IEM(L AN 5 Mg+ XD TIRFRA EFEMALEN Vo
Ca++ic k hIE I 593, Ca*t+ic X 5 FHSIAER buffer SR % T 5 FT X b R 53 bd272,

BUROBESROBEREEL X 3245 2, 3OHENRD LA, REHMRAREEBTLEL,
Ovalbumin »% pepsin DYEH% 3135 &, W55 OELENSTFEL,000L T o> peptide @ MEh, 25948
4>F-81,000—10,000 &> peptide 1=, 10%52%10,000—30,0000 4 F-EOBH I, RN (U dy &= BN 2l O
%o Tiselius %7 Eriksson-Quensel ¥ 3E5E I A 5 ovalbumin % 4Fto> pepsin NSy AW A=)
BEIKENC X > THZEL, HRANAKEBSRAT b FFO/MEL polypeptide I7eD>TLED TS D
RIS, #ETGo ovalbumin A3ERO TV 2 E Wi, QI HEROER 2 S -BEES TR 752K
PELBREINTVARRE L, BotGFRERBILELZTT TV, BUri g, Thixfiohicfio
peptide EADERLHRTEH ST, RIUOCKEOEE LTINS O % Tiselius X or
Eriksson-Quensel 54 “all or none” FIFFRENTIEFEH/3H% (explosive decomposition) & Z>"C\ B q L
%L Moring-Claesson ™ 1% & 0B BE+ s RE BEL TV 5o HEEREGMEIH albumin % pepsin
TR LY b DD\ TR BIER 1T\, SN A % ik decapeptide Ukt LI EOESF
peptide ©, SHEEHNCIIRRSH tripeptidé Tdh>7 Frat Beloff ¢ Anfinsen 'k “all or none”
i TR AELERERE TV A %200 albumin, M7 albumin, 7-globulin K or fibrin % pepsin X
X trypsin TH 4 ORECHRL, FEECR TR OCESE R B L oI, BRo7 polypeptide o
WCRT $ EEROKHT 3 2 EFRERUEL, OB AKS I 1 Thotk, Lk & DN FHD
ANl 7e & BRFEVAT R [ﬁlufi;éf:rf)jé, Lﬁ@ﬁﬁﬁégﬁiﬁifﬁﬂéhbF‘%r’(:l:%)labﬁx5 tripeptide #%
Hskn ot itten, & DEIP LR “all or none” HMEFREXFT5LOTH%, EFHTMERHR XS
TEREE % SR LS SEI N KA 7 h /P EVWSTR e T AR H6 T, HETOBBRENE
DTV AR RDIDT “all or none” P EHTrREL2 B o TRBERC S WTHET 5,

: = B » & _
EBYEXEXZE  Bouillon (broth) ¥Hic B. subtilis % ¥pE1L, 37°, %ﬁfﬁif’é‘.ﬁ L, BRELAEERE
BB, RN TR % B b WEEG R 57, = OEEMEEE & acetone 413, # acetone-ether fLH
%, # ether ThiK, Fo ¥~ - ANEZHEIRE B, - OBREERIT52 glycerine IRET Mx, »
7 ~HEAC TR o8 L, BTN, RO LEWTRRREL L, ' D
. BEESCOBISE  BEEE 0.5¢c1< 0.067M 4% buffer #%e (pH7.2) dcc %Mz, ZoHIcCo*+,’
Zn++; Mg++; Ca*+, ascorbic acid K reductic acid OEEH K x10-ME 72580 CoClz, ZnCl:,
MgS0; , CaCle,; ascorbic acid & 7¢ feductic acid % Mz (SRESICIXBEFENR0.5cclc BiE% buffer #F 3cck;
A, T GEREESIEE AL buffer #§ 1cc 2 MR, 2x8d.5cc hi BIEHPHOBE L0 ML 5 55



L) , 3EHE], 37° oKL TGS w7, 0.1% gelatin # 8 cc & FICHEER buffer 4 7.5cc
EME, 3D, B D B0 KT LRIIGH 2 colco\ TR HED gelatin X R\ e figh O NHa —N
% Folin 5% X b sodium B-naphthoquinone-4-sulfonate CEH & —E'; HB#E naphthoquinone % Bift
TR, ZOWE2Bcc kL, SOHEEFEE1.5emo Civett 1<k b NH: —N Bx lfER L @EoT
FEEAEL o FGHh ORRIBEIR 2.25 X 103 M & 72 %) o XBESEH 0.5cc 1382 buffer g 4 cck otz o
W 10~2M & 75 A RRICR & SRIBHES R % 1%, IR B4 buffer #9%7.5cck gelatin g 8 cc MMz 7o b DX
DERTEHEBE & SR 700 & DI T BIFHE O 5 TNH: —N Bl L, -

" B & B
I. Cot+, - Zn++RU Mg++[2 X BWEISOLT
KGMRE Fig. IREUR Lo HIBHHOWME LB Cot+ Ko Zn*+ e XoTHtEHbEh B0 X
Co*+ Jerr Zn++ L+ SHRfEM S e, BEEMATHMLE DL, REOSE S 4 v L BER
UEEE AR CER S et O g5 &, BiEOSBEENRTH A, Mg+ IR XD TIERAY
EHEEn AL DL LF, Mg+, BREUERY FRHCz 23881308+ 5,

02— ' Fig. 1. Effect of Co**, Zn**and Mg**
: ) When Co*+.or Zn+* was added at the start
of hydrolysis, a definite lag phase was
otserved. When the enzyme was treated,
“ however, with Co+* or Zn+* at 37°C. for
three hours before the substrate was added,
the hydrolysis took place according to the
first order reaction without any lag phase.
This enzyme was not activated by Mg+*™*.
@ 10-3M Co*+ (final concentration 2.25
x10-3M) +Enzyme, Preincubated.

O 10-*M Co*+ (ibid) + Enzyme +
Substrate, Simultaneously.
A 10-*M Zn*+(ibid) + Enzyme;
_ Preincubated. :
A 10-2M Zn*+(ibid) + Enzyme +
_ Substrate, -Simultaneously. . '
W 10-*M Mg+ +(ibid) + Enzyme,
Preincubated.
0 10-M Mg+ +(ibid) + Enzyme +
. Substrate, Simultaneously.
(® No addition. : :
Enzyme solution : Sugernatant from
) 0.0531g. tact/cc glycerin Cin-the case of
|- | I { Co*+ and' Zn**), 0.0487g:. bact/cc
0 10 20 30 A 50 &0 glycerin (in the case of,M_g'++).

_ Minutes

IT. Buffer BB L3EEWOLT v . v

Co++ CREEX EM LT 5354, buffer ByE: LCHiER buffer % iV A& & veronal buffer %:ﬁ%i.\k
BA% LB RY Fig 2 REUR Uk, HIBIB8ER buffer & M1 LABER veroqai buffer % G L7
WA X bEREATEH S, S : |

‘M, BERREIEMBEICOLT , o . . L

Cot+ TRERATEMLS 534, Cot+ [x—5Elk (10-2M, [ ORORIBEE 2.25 X 10-°M) M,
MEOMEATA T, gelatin OHEEIEY LA L SRY Fig. 8 KRR LI, HIHRERMIE & OGEE X
ENMT 50 I '
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Fig. 2. Effect of metal ion and phos-
phate
O 10-*M Co* *(fina! concentration 2.25x
10-3M) + M/10 Phosphate + Enzyme, ] I | 1 I ]
C o aincubated. 020 30 w0 30 %0
O 10—*M Co++(ibiZ) + M/10 Veronal + .
Enzyme, Preincubated. Minutes \
Enzyme solution.! Supernatant from
0.0279g. bact/cc glycerin. Fig. 3. Effect of the enzyme concen-
tration
The enzyme was treated with 10-2M Co++
(final concentration 2.25x10-*M) before
the substrate was added.

W. Cat+ [CEBEEBITDOWT

2 AL B LRS- & 8 5 hue glycyl-L- Enzyme solution :
leucine dipeptidase tx Mn++ B¢ 7n** . X b IE O Supernatant from 0.0633g. ba&/cc
S . glycerin.
tEAb 2 523, jﬁ@ buffer x’&{;ﬁﬁi‘btsh %é\f ‘i @ Supernatant from 0.0318g. bact/cc
Int+ ForCatic k hpHE I 5.5 FEH1aEs, ; glycerin.

@ Supernatant from 0. 01593 bact /cc

7aAHY T pH FLHL, 10-M Ca++ iz i
glycerin.

BAUSHKEh ORRBEX 2.25X 105 M E e 5)
BEREARE s 528, ¥E2 buffer T LA
WA Cat+ K X Mﬂ%lﬂzrﬁﬁxhé%&%ﬂoto zwmgoﬁ:ﬂﬂﬂt@@mb Y ALEABTHS L
Bhhs, RREY Fig.4 F RLA,

V. Ascorbic acida RUF Reductic acid (2 & 2RI DT

Ascorbic acid & X A BEROEMIIX Fig. 5 1<BUR LIRS ascorbic acid L #43R% 3 W UIVEm & wrois,
FEEE M AW, ascorbic acid & BRROER % AR 2358 X b BB ATE DR, & OfR
AR D IR TIRE L7z cysteire 1 X 5 (L OBE LIS /sD TV 5, Cysteine KX IEME(EZBETAE
Finakix SH ZEOfRfod\hssc X b, ascotbic acid 1. X 5 EHALIETAERK X 54 wE£2 bhs
DT, ZOREED LB EEHE AT S reductic acid 1K k 5By A LSRR 10-M BE (S
HPORRBERR 2.25 X 107°M) THRELFEEEMSRESh, L4 reductic acid - B FHIEEw
72 b ONTEIEERTH 5o KIGETLHO reductic acid % KETLRLT, LI LicB AR R A
Fbhk, LaLZOBZKREY ) OREL 5 50T, ShoATREEHRERL,  Ascorbic acid kg
W BERBRC SRR LTI LIS, 534 ETEMEERF, BMLE ascorbic acid : BEER 1x



EE’E:E]H#K}JHX)’:%{}%L BB/ RHN T\ 5 Bl EDOSEERS L ascorbic acid & reductic acid & X
BELERTAFAIR X 5 0 L Bbh, & OBARR L MEEHRE FOIEHE 2L O3EERATS
% Cysteine K.k »EMA{Lix SH ﬁﬂﬂfﬂi?’ raborEbh, & DBEVER, REEMERUERY

ﬁﬁK?]ﬂx?’?j‘ﬁ»ﬁﬂz ERTChA,

04—
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Fig. 4. Effect of Ca**

This jon acts as an inhibitor of this

enzyme in the absence of phosphate, but

such inhibitation was not observed with

phosphate buffer. .

O 10-*M Ca*+(final concentration 2.25 x
10-3M) + Phesphate + Substrate +
Enzyme; Simultaneously.

@ 10-*M Ca*++ (ibid) + Substrate +
Enzyme, Simultaneously.

Enzyme solution : Supernatant from
0.0250g. bact/cc glycerin. o

VI. ZRSMBOBEKLOLT

Co++ie THREE R THEME(L L7288 (877, 3HERD &
iz, —ERgckofo gelatin—N &
NH: —N Bx Jl LRt Fig. 6 R LI,
L L Folin &KX 5L 7 < 7 BESOBETYL
B+ 50T, &0FETHELERKE»D

NH; —N g+ 5L BErEF 50T, A

¥ Ninhydrin # ® 10 G e—7 s/ BEERL,
2 X b NH: --N BRI L%,
73/ BEBRLUES, OF2THML VSR

LIS LTV 50 Shika—7 3/ EA ISR

Ninhydrin i Cao—
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- Fig. 5. Effect of ascorbic acid and

reductic acid
A 10—M Ascorbic acid (fmal concentration
2.95 ¥ 10-3M) + Enzyme, Preircubated.
. A 10-M Ascorbic.acid (#bid) + Enzyme
+ Substrate, Simultaneously.
@® 10-2M Reductic acid (#bid) + Enzyme,
Preincubated. -
- O 10-*M Reductic acld (zbm’ ) + Enzyme
. -+ Substrate, Simultaneously.
O 10-2M Reductic acid . (4bid, oxidized
"~ with 1= ) + Enzyme, Preincubated.
B 10-2M Ascorbic acid (ibid, naturally
oxidized) '+ ‘Enzyme, Preincubated.
[1 10-2M Ascorbic acid (ibéid, naturally
- oxidized) + Enzyme + Substrate, Slmul-
tareously.
Enzyme solution Supernatant . -from
0.0487g. bact/cc glycerm (in the case of
ascorbic acid), 0.0250g. bact/cc glycerm
(in the case of reductic acid and paturally
oxidized ascorbic acid), 0.0326g. bact/cc
glycerin (in the.case of reductic acid
which was ox1d1zed with T3 ).



"zl o R SR EN B L Bbhs, ROBO

Optical density

T o gelatin 1X @— 7 3 / BEARAKE LR
e B S IR o a— 7 ¢/ BRERKIC R LR
o - o NHs —N iz, & oRHSHA A CTESM

. AL L o s NHe —N & (G 1ccHfs
008 0100 I 0.054mg) DRI 64% KHILF 5, Lk =
" DEFORSIIRO gelatin FixFBEOIB4% B
006 L0075 E L, chlLSESHo gelatin i3+ 0% V28
A AN, e— T 3 BRERERS TSR
4 0050 % shat fbhs, Gelatin FFL a—7 7
g Bop G FrOLTRAIELTWERLR, R
o2 ® L ooz o> gelatin L e—7 I VBELEXLS
) t, "ifil> polypeptide RFFA EFAEL TV Ix
VW Bbhha, ShidfEERIC X 5 gelatin
X L .l,, Zlo 310 4]0 510 ‘5]0 - D 43Ri% Tiselius F7r Eriksson-Quensel @
Minutes Z 5 “all or none” BN CHREINL LTZD
Fig. 6. Changes in the amount of amino- Tk B,
nitrogea and gelatin-nitrogen during the
hydrolysis

The enzyme was treated with 10-2M Co++
- (final concentration 2.256 x 10M-3) before the

substrate was added.

O NH:z-N by the Folin Method.

@ NH: -N by the Ninhydrin Method.

@ Gelatin-N
.Enzyme solution : Supernatant- from 0.02308.
bact/cc glycerin. .

5 -3

B. subtilis ©fEfk% acetone-ether THML, WREHKEIED, 2 X bHH LABRRIX gelatin %2
HEtamE Mn++ D, Cot+, 7n*+, cysteine 1), ascorbic acid Ferx reductic acid K. X->TEM LN,
Mg++ 1o X > CHER A ETEME 2 g, Cat+ KXo THE s 5, & OMREEEF EHROBEHER
Thbh, HREBFFORERTHSH, endopeptidase AZh &R & B T ML S R,
‘exopeptldase ﬁxﬁﬁ{t‘éh—‘fukﬁ‘ﬁ\Aﬁk‘ reptide %EE rLChHgE Dt e AER Rk
Vo MZSRIEHWR TR TEIMEL, gelatin O5 8% Folin RCHELISEE, W7 PSS o
BEC Y nBENENESK B LA, ok  —EEEFEOBELEVTAER LRSS, LB E—TE
MHE%E VT & o e REr#bh s 50i5 5, ShEITE 5B X 50THTH S, T ¢ 7 AT
FERSFRAR LB L —BIEEL bh 5%, T LT BRYENREAELVEENS 50T OFN
HTOFRAETS S, BRE TN THEEE LT oL 0TS,

Apoenzyme 3k 2 > OEEEHEN + (1) #5871 (prosthetic group) PR, (2) HHE AHa, V>
SHBER LTV A LA b, Z DRAKROMEL AT 5 A, HBABIX apeenzyme I ko THEHE
DEIEIBIBE D I AR RCEEI NS LEEEAN TV 5, = OFK LTHR L HEH L of

BAESIC ENB £\ SEEIFEK X BL o —HWs apenzyme HEKHAE L BAT50RELE,
~m‘fé§r' BRESFEIRETH5 LV &% 5 A7 peptidase OEFERAENTH DT, xDEEET
BERL SRORAOBMPLERSY  EH—FEAK—apoenzyme HAKRDIERIC L b HHAT apo-
enzyme RIEH AL S50 THGER L h —BESE I BL tE1 oh 5, HERSRIBERENS
3% apoenzyme DOZEOFJEEOLENEEICBL TR B2 TV iy L LS OO REEE
HAEFI% BIRT 5 EORRGMETH 5o BUER T 5 REOEREGIX, apoenzyme  ORAKIKENE TS



b, & OEHESA—HBORABRRREROMOEL (negative print) 2{EL 0T, ThEEARCERIX
WPEHE (negative mold) DK xR b, %= TRV EoRE & H & OMOSBOWET—EF
BAR X W EEIN A0 TIXRLIL
EX 5,019 W D LoREHL

*Smith tx Co*+ : Mg++ IEk%
exopeptidase DIRIFIIANRORIET

—§E AR —apoenzyme DA% B
TAAHIES 3 ER/RRTV B, .

BHOLEEESIL Smith DFEs.
Y —&E] —apoenzyme FHEEEEo TV 5 L IxmBTE RS, ZEHERA+ /tt&‘iﬁafﬁa o
@SBt hh, B4y tERE TOMEI e BETE N THRLL DL, &8, B#
KUEBrFARCME Lt LT 5L, HEOMEEEIR TS 2BEIZAL = OEAEE /T
BLOEEZ LN,

BREGFOSRRA LT 2 omﬁ;@%ﬂ%x bhn, It (1) BEROEHRSE 7.3 7 BRE G b X
LTV & b, £OBEEESFRIEDTL 5 peptide $ix, W7 < /@Kﬁ}ﬁéhfbi 3 2 TR
oI h W otk b, (2) &tﬁagoﬁxﬁ}%&?z, 5&&@7@35 2] subumt 'S 5}%1, KT
ZANREI NI LHRCARENERC T $ 7 BIC 2 THRER T kr:sarl; D, ﬁ C 1Dz (2> o
DHRER, WHOMAELELbN S, & VDEEI’EQWMJ?%%KX)\. \Towsﬁrrﬁy@:\, FRACEE
ThADOBI LT, (LN, BRSNS b & IR EELECh 2, L%E’Eﬁ%)x (1) ol
b Ak biY, ZBEHEREET : 7V BREL ST T, i POIYPeptlde i R, Lo LR
T BT Th By —HELEA—HAR subunit KAEENALF 5L, u}’L%D polypeptlde 74
SEFELL TR, XE w?%ﬂﬂ@ﬁ@&éﬁ*i@fﬂa@%ﬂb;ﬂﬁ%ﬁ%%EL < Ex 6$i~7£ 5
TH 5 5, Kiihne (1885) irric. Hofmeister —-m‘(ﬂD%%lt ﬁEI’Hﬁ %‘M‘P}Ki?ﬁ%@ﬁiﬁb‘ﬂffﬂ&é

- heiEe, SR LT albumose & peptone ﬁa*ﬂ}ké x i, WJ% albumose LY peptone % —HR7e
BT T, BroREso polypeptlde mﬂAﬁmfz‘o 6$mﬁ eﬁrc& %, B cysteme %’ tyrosine

OWIFETOT 7%, albumose > peptone = —ICHHTEN 5o This N E H I <B4+ B

EREAEATOEG, Lt LEEESHOBOZ S hRE S B HE BT 5 MEO R~ R A
N ERVETHTH 5, BEOERMEREEAL, a— 7 ¢ 7 BEARRI T DV RO R, - & D RGEE
BRI TRRMKGRLIBEDP a—T 37 @%omsv KRLTVA o Ltk = ORI Y k4MFO gelatin

IESTFOE IEL TS, SO F 5L 2&5}19?0 gelatin X E D% SR AN, e— T I/
RERES TSN T 5L Bbh s, Gelatin HFE a7 37 30 rhl'%ﬁfy‘*%ﬁ?:ovﬂtzﬂﬂ% LT
fouhy, RO gelatin HE a—7 3 1@%‘&5%}1 s x, l-*ﬁFEﬂrD polypept1de BIRA EFE LTV L
tEbLN A, ShURTEe (1) ok A3 0L Bbn, Tlsehus %v* Eriksson-Quensel mZs- “all
or none” B THEEN L Bbh s, f’] Nlnhydrm T w—7‘ 7 BoOAZMEMNK H%2, Folin T

7 3 2 B OBET G Bad 50T, Folin HTille Ll N1nhydr1n HETHIE LB X b RS /el
Hatgc B, ERIILE O ThH o, ohix gelatin OFEHEK T 3 7B TH % hydroxyproline
Athe> 7 3 7 EEI S Folin i k 2 23R IEI 200 20729k, X Ninhydrin #Tix aspartic acid &
cystine 1 ninhydrin : FGL T2 3 FOREY 2 H+AcERLTWAE b 5,

= H

Sdrgspench &b ALY B, subtilis Ok % acetone-ether MFEL, FCMRMMkEED, 2 X biHL
« FEBEOERIFERY gelatin xFEHLrT5L, ‘
(1) Co++ KX Zn*t+ K X->THEMLEN, Mg*+ KXo THEME bah i, X Cott KX Znt+ &



B Fofefl s o o ER e A THRA L Ok, RENDE, BREUERE ERFIMA THEE
wILOLHET AL, BEOPRBECATE S,

(2) Cot++CHEEXTEIE(LT 5354, buffer P LCBRR buffer % @51 L7=3h@4x,  veronal buffer
EERLEBS X HEEEATh 5,

() FSHE R A5,
@) Catt RIoTHESh A, BWEEFET O Catr ik sliBuRbNI,
. (5) Ascorbic acid Kt reductic acid 1 k> CHEEEEN B,

(6) =oBEFK X5 gelatin OHFERIR Tiselius Jttr Eriksson-Quensel Dz~ “all or none”
Ths,

ﬁ"i‘bk—%"‘gk, #&E A reductic acid %irk < ﬁ]ﬁgﬁ‘éﬂ, A HEEEHEE L i © W ARSERTRIEST
BRI A WEERT 5 L300, ABER B PEEBRCBROBERL 2T,

5l B x &
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