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Fig.1-1 Transaldimination in vitamin Bg enzyme
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Fig.1-2 The mechanism for the ‘reactions catalyzed by

tryptophanase. The scheme represents a combination,
with some modification of Snell (1975) 8) and June .et
al.(1981) 9). The specific absorption maxima of the
reaction intermediates are shown in the parentheses.
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MBI, 2ON0BERE. 337 an L 420 an BAMARTNESY,
HIFL0IE, TESp HICKEL THERERLES L, BIV. B
RRIGHE@Ep HIFETIZ. 337 mm jﬁfﬁfi’?}‘(“%%:kﬁ‘é\ 337 nm
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Yy 7EENS IVEROT T VRBICERT 5 2 L SR TFIALEY
DREDPSFRIRT WS (Fig.2-1) 2, LyL. ZOMEEHROEE
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Zn,

420nm Sﬁgedes ~ 337nm species

HC/N\H ¢ HCéNmﬁ
-0- ). —— |
®OC%E%If—qf-®0£ﬁijo

Fig.2-1 Interconversion between active enzyme species
(337 nm) and inactive enzyme species (420 nm)
in tryptophanase
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5. B/ 27—k 1{HNS HER, BEERICHETHLILERL,
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LT, 37TCT 20 BEEEE L, EREELHER. KLV OHE
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BiENT. SUNE . DEAE-R/L o — X7 S A, Sepharose 6B 7T LELT
ot BREOBEFE—TH 2o L%, Laemli®® OFEICLS SIS-K
YT72URNTIRFNVEREREICL > THEAEL., BRI EEEBRE
me LCTEHALE,

NTCB®OFEIZ, Degani 53V DHERH -, Thbb, ERE
AUBL T.58 . ST AV DA 2.0 ¢ 2&E 150 nl OKEHEC
3.0 g D 5,5'-VFAER- (2-= bEAER) (UT DTNB L&
T2) PRELLGHLEML. 30 Ak 3% BRI 7 KRBRZEMFHEL
BT, KEEBETZDpHZ 5.0 CHABRLTHrS, ERTRE
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. 20 HEEEICKER. 570 m OFEREZHEELL, BROFRIC
.5 aM 2-ANATRIY =N EED 0.1 M UVEBY YT AEER
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(3) BRBENEER
S NI EOBRER. FIFETNT I EERE LT Lowry 539D
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SEEELT. BRAYEMES R, £0%. Ellnan®® OFEICH->T,
RREOBENSHELZ, NTCBRBED 20 FHODTNBE 371°CT
20 %‘Fﬁfiﬁ‘ﬂ‘é%f:o ThE 6.0MEBS7VVESDT 0.1 M KPB
500 ml i LT, 6 BEIENE. 50 i DTT% 0.1 nl £/ILT.
BEEL 7oA S PO RAERIRA AV E 412 m ORRPSERLL,
FDEINRFEFERICIE. 13 600 M- ‘cm"‘éﬁﬁb\f:o Zﬁftﬁf@i A
oy b@ﬁ‘%ﬁ% 55, 000 bl L‘C’fﬁbfco

B3 HRBIUER
(1) BRREBROTEHL

4°CT 6 »ABRELLBRIL. 70 95 % OEREEZXR-> TV,
SOHREEREORINARZ UL, 420 mn OFAFEEBEZTH Y.
337 nm Oﬁ’ﬁﬁﬁf’%’;%?%ot (Fig.2-24) . Goldberg 3% LDFER
f->T. DTTAES 37°CT 90 HEYTI &, ZiF 100 % DEHESE
B L7 (Fig. 2-24,2B) , DT TMES, BREORNANT b & EHE
CEDS—F B L. NEEED 420 m BAEATBIZONT, 337 m
BHARING 5 2 L BB L7 (Fig.2-24,1B) , ZOZONBEBENEL
BSEAZEERS (€420 4,600 , £357= 3,500 Mien! ) ZHETNWT H
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_12_



Absorbance

2.3 {HER B EVHLPIZL T,

Activity

0290
Q1§

Q10

0.05

Specific acllvity (untts” per mg-protein)

0.20
0.15
0.10

0.05

0 300 350 400 450 g 30 60 90 120
Wave(ergm(nm) Incubation time (min)
Fig.2-2 Effect. ‘of dithiothreitol treatment on the
inactivated tryptophanase during - storage. (a)

Absorption spectra of active-site-bound pyridoxal-P. (B)
Time course of enzyme activity, absorption at 337 nm
and 420 nm. Apoenzyme stock solution was dialyzed at 4.
Oc against 0.1 M potassium phosphate buffer (pH8.0)
containing 0.2 mM pyridoxal-P with two changes. To the
dialysed enzyme (0.9 ml, 38.2 uM) was added 0.1 ml of
0.1 M dithiothreitol dissolved in the dialysis buffer,
and the mixture was incubated at 37 ©c. At the
indicated time an aliquot (10 ul) was taken for
activity measurement .

IOk, BE/T—HRNK 1 BOSHEFERTSILIZLY.
FEERD SEREAOER. BLIUVBREEORESALNEZ LR
5, IS SHENDHABRICL>T, BEFRETSNE. 337 m D
EEEDS 420 m OFFEHEREL 72D TH Y. B2 EBTH
MBI X > CSHESEAL CTERREELVEET ZDIE. 420 nn OFGE
PERIP L 337 nm DFEFR R AL L/OTHA I LHEELR,

(2) Z2baF4e 7 /REFEICE 5 SHEDEM
HARLICL 2BEORFEIBRS,L TS 245, TOBIADOBRESH
L TIE%L., 3512, HRABILOFEESBELR EDREZHET LD

BIEBCEHBETHEOT. REDVHERERI JLHTI LN, TIT,
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FUZR7 7 h—EicBiT5 SHENRFZW- £ 3 FHICERNTEHZ
LEZEME LT, SHEDLZBMHEZTI ZLicLl, BHHNELLT
i3, BAShZERECL D IHREEZR/MCLEDSH, SHEE
HMAEDI BTL, NOERETH S 7 /EE2EATLI=baFS
VT /RRER (UTFNTCBL®TS) 26KL. ThEAWIER

p—
DALFEBHZIT 72,
20t
(A
100 - 18}
= sob <
> E 16F
> —
Z 20t 3
5 2 14t
g 10} =
3 g
a st Szt
-3
10r
0 10 20 30 10 12 14 16 18 20
Incubation time (min) : . Log CNTCBI (uM)

Fig.2-3  Effect of NTCB concentration (A) and kinetic
determination of stoichiometry (B) of apotryptophanase

inactivation. (A) After reactivation of the apo enzyme
stock solution by dithiothreitol treatment in the pre-
sence of 0.4 mM pyridoxal-P, the holoenzyme was

converted into the apoenzyme by DL-penicillamine treat-
ment. Dithiothreitol was removed by gel <filtration

using Sephadex G-25 column. The - apoenzyme, 31
UM monomer) was treated with the indicated
concentration of NTCB at 37 ©cC. (B) The pseudo-first-
order inactivation rate constant (k') was calculated

from the slope of the inactivation, and was plotted
against the correspondlng NTCB concentration

THREZEENTCBTULETS L, NTCBDRE L BHRKICHREIC
&AL CREREE S b (Fig. 2-3A) , NTC BIESC X 3 %RER
BiIE. CHOLICBFRREIZEST. NTCBORERIKETHHE X
RiETH»72, NTCBERIGTHBENNDSHENERHZ RO L7290
2. WEE/2—H720 n{DSHENSNTCBERIGLTERELRE
ﬁ%?ék BHRIGIE. RDOLI RS

E-SH + n NTCB — E- (scn)n
gmkéﬁﬁiﬁékt?%t
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: n
- d[E)/dt =k [Elx [ NTCB]

NTCBBELZKETLIE-RRETHZNT. ZTOE—RRICHEEE
By K ETBE. |
k' =k [NTCB]n
BEMZHILHTEL, BAONBE LB E. KADLIIZ% 5,
log k' = log k + n log [NTCB]
B-RRICHEEER & ‘&NTC BEEOWAHR 7T 7 (Fig. 2-3B) &
ERTHY., ZOEEY. KIETHSHENARZEHFZ. n= 097 T
Hot, L7eH->C, NTCBEMHRETIZ. £/ 7—dHRD LENS
HEMNNTCBEMiY SIT. TOHER. BREFEEIRb L LFERLI.

1001 .

8or

60

40

Residuat activity (*/)
11 Protection (%)™

1

5 0 04 08
17UPLPT (M)
%9 20 20 80 80 100
[PLPT (uM)

Fig.2-4 Effect of pyridoxal-P concentration on the
inactivation by NTCB. Agotryptophanase (6.8 uM monomer)
was preincubated at 37 °C for 20 min with an indicated
concentration of pyridoxal-P, then treated with 85 uM
NTCB for 20 min at 37 ©C. 1Inset; protection(%) at x uM
pyridoxal-P was calculated as follows:
AX-AO
Protection(%)= x 100
A Ay

where A, is the residual act1v1€y after NTCB treatment
in the presence of x uM pyridoxal-P, Ay is that in the
absence of pyridoxal-P, and A is that in the
presence of 1 mM pyridoxal-P thhoug aédltion of .NTCB
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IHONTCBEMHEFEICEWUI, BBBEOFEICL > TERPRE
POREBESN. TOBRBORBIL. BNLLERROBECEEL T
t(ﬁgﬁw¢60%wﬁimﬁﬁﬁﬁtﬁgﬁﬁﬁiﬁﬁ\?&b%
REERK, ., 1. 5.0 uM LEHEA, BERBOIHTY ZERD
Kof 2.0u4 LX<—E&L7%, Lz>T. NTCBEMREHT
LEBRECLIBEORESEIZ. WEOPLPIKS T BREOFEERL
CRHEALLPLPICEHKRT S ZEPFHALRPIZL -,

(3) NTC BEtfiRRNHY

NTC BEf#HEZEIZ. SISSRY T2 UNT I RFAVERKEICEBITS
BEHE. B L Sepharose 6B FILAMA T AIZBITRBEHBAEN. R
BHRELE—TH-7., Ld->T. NTCREME. BEOT T

oy MEEREEEICE L WEREWEEI LN,
KIZNT C BEMBRNORGERROBRRCHTIRMMEEAN. £

60r

50t
K =Q35uM

\

. o4 <0z 0 Qa2 04 06 08 10 12
17tPLPT (M)

Fig.2-5 Binding of pyridoxal-P to NTCB-inactivated
apotryptophanase. Experiments were performed Dby
modification of the method of Kazarinoff and Snell 18)
NTCB-inactivated apoenzyme (13.8 uM monomer) having
13.5 % residual activity was used :
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DFELLTIE. NTC B@ﬁﬁbf:?ﬁﬁﬁtﬂﬁ?ﬁl’LPE‘?Z?UJBL\ z
DED 420 m OWITHME FEEIC. BRAS v 7 EEFRETWEL
7o, HALRNTC BEMERIRZORFEROWEILY. 13.5% D
FEMREFSUHIC, BRBERE LRI TS Lineweaver-
Burk »72w b (Fig. 2-5) 1. “HEZRLE, ZRENDERPS.
RISMEER (o LT, 0.35u4M . NTCBIESEERICHN L TIE 4. 4uM
Y BRECESESR K EXFBLRL, Lisko> T, NTCBEH
BTL. BRECHTEAEIIIAS LRI, TRBHERD
ST, RENERLEHLEVWOT, NTCBEMHFLRLS LA
A, BEOERSMN. H5VWIZOFDIEEINE LY,

2% o7z,

NTCS -Inactivated

Q06+ OTT-Treated

Qo4}
. Native

Absorbance

NTCB-Inactivated

aozr DTT-Treated

Wavelength (nm)

Fig.2-6 ~ Absorption spectra of NTCB-inactivated

tryptophanase before and after dithiothreitol
treatment. = The apoenzyme (18.2 uM monomer) was

inactivated to 20.9 % residual activity by treatment
with 65 uM NTCB for 20 min at 37 ©C. Absorption spectra
were recorded after dialysis of the inacivated enzyme
against 0.1 M potassium phosphate (pH8.0) containing
0.1 mM pyridoxal-P. The NTCB-inactivated enzyme thus’
obtained was further treated with 10 mM dithiothreitol
for 90 min at 37°C, then dialyzed against 0.1 .M
potassium phosphate (pH8.0) containing 0.1 mM
pyridoxal-P and 5 mM dithiothreitol. The absorbance was
normalized to the protein concentration of 1 mg/ml

NTC BEHERORINZRZ Fid, BRRKEBRRENANZ ML
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EiE. 420 nn EHEHBTHD . 337 am BHLEHTH -7 (Fig. 2-6) .
22T, NTCBESBREEDTTIZL > TETLT. NTCBIE#m
EDST/LENISHEP LBEBENOSHELZHAET S L. BEREES
L7, TREABC. NTCBESBRIEORNZRYS MLzBWT
L. 337 om EHRMLCEEESL %D, 420 mn WKL LTHHL
HAWESRES (Fig. 276) . Thbb, NTCBEMICEISSHE
DT> T, BREEFEERL. GEED 337 m BhH6. F
FEHERO 420 m BHAEL. ZThE2<HAEMIC. DTTIZEBNTC
BEHBENSHENBETIZL > T, BREOBEREE L. TEEED
420 nn A S EEE 337 mn BAOTHA L7 5 SNB T L AL
7, |

(4) BREORXARY MILVEELD p HIKFHE

FUT R T R EOBHER 337w BLFEEE 420 m WL B
ZH v T BEOBEETFO LN EABT O M AR, BXUZO7T
FLETHBESNS 3D ZHOIONBERIR. pHICEFELT. H
Hlogsmd 5, HRAKERREL. BHLBRLELYD. pHB0 2B\
T 420 am WS 337 m WALERTEZVbIC, TFEEED 420
m AEETHBLELLNBNT, HRKEREDRNARY MO
p HEEtEtE 2 X, = OMEZHO p K, B2 EHLBAOMEE HEL T,
SpHIZBITZ 337 m BOBMPS. 20K, Bk, BEELEET
T ALBESR, WEED 7.2 90 L k<KL (Fig.2T) . Ly
L. BA%REEETIE. 20p KM, 7.9 LHSPEVERTRLE,
BEOT S JBEEY EEV—LY VBN IV EROp K. $5
CE< 10.5 MiEiH 5 . 2ok, BEARIE. ¥y 7EED 3
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VEROBRTON ALEREL. £0p K ER31% T 5 BHBSEET
BEEZLNTWSY, RY T L7 7 F—¥ Tk, HEDS HEDEH
SNBr. AIVEROBRT DNV LOBESETL. Zokn, BR
BILAEHRIE P K EERLALEL 603,

B
Qs t
0.125: A e - o12p
.10 o Q107
g
s 2 Qo3
3 oo — pKa=79 2
- Fal
3 < 008 7
o050 Storage-Inactivated 0 OTT-Reactivated
0025| 002t -
ST 0 s 6 7 &8 g
pH pH
Fig.2-7 Effect of PH on the spectra of (A) storage-
inactivated and - (B) dithiothreitol-reactivated
holotryptophanase. Buffered used were 0.1 M potassium
phosphate (pH5.0-9.0), (o) or 0.1 M potassium

pyrophosphate (pH8.5-10.5), (e)

DEoERZ8E8TsE. BRBKBIUNTCBEME 32 SH
213, EENHSVRERNC. BEAL v 7EENS IV ERORT
2R AL ES L, FORE. BREORERED 420 m Wb EEE
D 337 m MEERT S LB LL,

A E W
HRABRILARERE. BLU. ZbaFF 7 /ZE8EHE (NTCB)

X aBMBERICIBWT. (1) WFRORFELEEED 337 mm BHH

KL, PEEED 420 mm BZAEL L2 L. (11) ZhHDRERENS
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SHERTHODTTICL 3 SHENEEE I T3 L. THEEED 420
am EAWA LT, EEE 337 m 2FCELBIE (1) BRKE
B, DTTick 3BERLE S TBREELERTIE. /7
B0 2O SHESEMT 32 k. (iv) NTC BEMREDHERD
5. ®/2—H0 1{HNS HESBEOGFERRICLATH S I L.

(v) BREEREZL R, NTCBEMERYS. DTTRHEIZL-T
BREEEZECEETLI L RHELPIRLE, Lioh-> T BRRRIL.

BIXUNTCBES*F5E/T—Hk) 1-2HNSHES. BRE

HEORBCHETH . TEEED 420 n Bip b, EHEED 337 m

BrARTIRBICELIEERLL, Thbh, BRENOKRICS
i3 SHEDKEZ. BENY v 7EENS IVERORT 2 b LE,
EERH B WIEEER10D BETAI L TH B EFRL,
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BIE FRIZbOXPUBEHEITIFOLCREORE

B1E

)

EBETI/BOVESTHEFOY  i3Zof#EICp-E RRF¥L T
L SAEE LD, ZORDY YNIENTFOY Y RER. BUKEOH
ERAIEL b2 T, ABRELR7T VB, BERNLHEREE. &
BAAVICHTBYHY R EOSKEDERELRRZL I 330,

Foy RECHEENTZLRENRED S b REMDITHRHES
DPUREDTCRIETAET I baxXyy (ITTNMEETS) (3.
FOLVRENT 2 /=L BDo-fIzZ KX EATS, CFLY
BZHTNMERAWTRY 7 M7 7 F—E2LREHL. ROL DT
BmLTW3, (1) REOREDRBIUTNMEHEEDT I /BERD
b, BMEOE /T 1-2H@0Fus Y RESEHE 317, £
RRREESELNL, (1) TNMESHSBRIHESLLPLPOFE
X TRESNEZL. BIVTNVEMSEENP L Pk 28
HAZFLETLTWRZ L s, TNMEMNZ S 175+ VREN
BHRLOBSICESTS, LoL, BiE 3757 0L Y REL HE
ZPLPLOBOMEEEN YD LD LHETH 20 WS BREIER
sRTVE, |

ZHETIH, ToOBECH LT, TNME#HE S I35y v BEL
BRECOEAOEEEHLPICTE I L 2 EME L2, FOv v RE
Bk L EkEoEEEEbEL oD, HEEPLP LOMHEEEH
iz, Ko 200RKEE L7 (Fig 3-1) ,

FPEBE—cFOL VYRBEN T = / VR EFGEROTY VUV ROBD
TBFNRT vy 7 (BAER) RXZHEERAIEDHS. INISHEM
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DHEERIZ. 7R XY Y OBSEERTIIBWT, YR7IEY
DT SEVEEL 57 BEIO TyrIs # WETFICHBHR. 7V
& IVBTERRYF—EieBnT, IOBEDTRRTY v JEFT
HEGTPOTY B, Tyr262 L X8 v X272k 5HAEDHEE
ERZETEHO L YicmbsNT WS,
E-OEARRE. FoL UBESEEROLY VRS R (BT
EREFENLTS) 27D b 28575 LW SKBERERERNE
FANTH5, lvanovs2 OBEHRICINEE. 7TANSIUVBTI /M7
27 35— EOHZBERARY MLORROBRER 5. B YV RNI
7 2HETINEFOLURETH BWEEESS m@ INERE
Ird 5 EBIFHIL F AR RV IR T VAN,

- HaC o- H,
Hydrogen bonding )1 Lys270
- + V
Tyr o HN())—cH
CHz—O—PO:s_
—} Lys270
Stacking

Fig.3-1 Possible interactions between pyridoxal-P and
the tyrosyl residue in tryptophanase

22T, TNME#HZ S IT3Fal yREN. ZhoDIBWTHhD
ERREEICD EFWIHERR L HEERTIOPERIF LR, KRIZL 2
NFay rBEZIPLPOEEHRME LTETTIILL. BERIGICE
BEICHES LTWATRESEZZ 5h 3, ZITTNMiEEFRI Y
BREDEHY. -V TR 7 7 Y HRRIGOTUBREORIE. T%bb7T
VEASISVEB, a-7brD5ERE, 4 RO, BXUa
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T2 )77 VINBOMRSBEONWTIORBEHEFLTCEREFEZ LIS
TWADRPIZOWT LIRS L7,

B2HW EBMEBIUVFE
(1) =EHMH

BEOFMIIE 1 EE 20BN, TNMIZAELE,SBALL,
FRICELTESENOZ Rl A 2REATHERELL, 22T
NMoOERIZIZ 99.5 4 ¥ /—)Lx W, BEBE7TIT/7HOEYUR
Y-V VB N-FAXVF (PLP N-FXIUF) 3. EELSVBX
VREH S D DFELE>TRO=ZBRTER L.,

(1) 4’-FNV INEDNREY YU RIY—IVERE (FXHEK) 8.0

g 2AZ /=)l 50 nl ZBBEL T I5HELER LEHBKEKRSF MY
7A%E33 g L WHERER LA, HHBKRLCELINYVLE
ZHILWA Y /=L THELZ, THEERERLTEY KE7—ILE
JIFNT &Z—(PL MMA) 13.5 g FERL,

(i1) FFF L K4 55 0 PL WA 2F SR 7 5> (THR)
500 ml IZEHRLT. 5.4 g D p-7aEEEHRZEY 50 nl DTHFZ
M2 0-5 CT 90 HEM<IZALE, —HREBTHRER. 8L T DL

MMA N-A% 3 R%3.2 ¢ AREL A, COKRBEZEREEICLRKPTH

HLT 3.0 g O PL N-FF REHFARLL,
(iii) 5"~V YEB{L*®? p-MA T T -FLINEZFBVRELT
HEBLY U VEREFAWTCEY FXY—L X2 Rz Y VEBEEL
72. 0.05N BEEHRT 60°CIc10 HEMEREL. KV Y VBEEIKSBELL.
2N KOH 2FWT pH % 34 (ZHEL PLP FAXT KD p-MLA TV
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Yy 7REZRRIETEM LA, Ing 2N NaOll [CHRL TERET S
-V A YV B~ T RMHEREL ., Dowex 50-X8 (H'E) A4 5 AiZh
T 390 an OESEHD PLP F-AR LK 0.3 g EELE,
FOMEIL, tert-T ¥ /=L TRy YIFAT IV k=40
35:5:20 DBEJR TV OA—RFRB 7R F37 4 —2fF>T. Re=
0.30NE—ZFKy b 2HELL, ILEREBORECBWT, 7=/—
IVHEKEEE (BLRBE) . 7AVFE RE (2,4-Z2bhrT7 2 ZVER
SUVEBE) . UVBE (RUYTFVYBTUEDTVL) LOUICHREY
YU UBN (Gibbs RERE) . 73 7E (e RY VEE) 2R
L7z,

(2) TNMEBfitoBROTE

EESEAB I DL-R2Y T I VAEIC Y - THM L 7 RER
(8.0uM) 2 1/10 Z0» 1M KC1 2272tk 10 {S8E0 TNME 37
CT 0HTEREL TEHRIGE T, 1/6 BO M =X VA7 FLS
J—NVERMLTRGE®REL, 1/10 B0 4 M PLPEFEML THAnE
ZIEERLE. SREIFA v FOMISHE Innersible CX-30 (Mill-
ipore) 2HAWTEHE L. HE SephadexG-25 FNVA58B4 5 45 (42.0 x
16 cm)lcAr I CBEL . 0.1 M KCIL, 1 oM DTTZ&E 0.05 M FUTH )
—VT I VHEER (oH8.0) (LIF TEAXEET 2 ) THEHLE, ZOBR
HEHT 8.2 4TH o

(3) BREUEBLUEER - 5 N7 EREOWE

BEFEOERIIF2EE 2MICHN, HER PLPIIMEHLY
DFEICFEN., 72V ERIVEAWCERLL, T4b5. HF
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0.85 mllzH L 100 (w/v)% MY ZooEEE/KEHR 0.15 nl 25ML T,
EHEL7 S VN2 BE 3,500 rpaT 104ERROSHELS, 2% T2
ERIVEEE 10 NEEE 0.1 ik, ZOLEFERICMIZERT 1047
FAELT 410 mOBR, 5 EEHBL L LIZPLPEERLY,

5N BRI Al are= 7,95 40 2 HWTRIMRNE B
EFBH. 2T N E-EREAES 2k o TERLE, Thb
5 0.01% 2V =Y YTPY NI V— G-250 (Sigma #), 4.7% T
S /=, 8.5% UVBHPLLEY YN/ ERRE 2.0 nl2 R 0.1
nl EMAZET SHERER 595 m ORN»LERLE, ZOROE
BHEOERICII7REBREE AWe, RRARZ PVOEZS —{ZISH
v 557 M EEARRE EEALL.

E3H REBIUEE
(1) TNMBfscHT 2 BET 07 OREDR

TNME#Z 517250y REL BERL OBOREERIIZ. 7
BLA LS Z200RRYE Z6NE, £2T. TNMESCHTHY
9 IVBALEMEZ DT IR OREGEL R LA, 0.1 oM OFEE
K70/ OFETETNME STCTHERRICEN S SRFEER
BEL7, PLPRIBOTHHELSERALRELLY. —F. EURY
FIYUVBE. CYRFI Y VE YRRV <REPR
#7%\ (Table 3-1) DT, PRWZRBICIE. Y VEBERITHLT
A-7ALFEREBIY 5-U VBEOEHHBLETHS I L FHEIL
VAR ‘

—BIZE S IV BBRTIE. BREOPLPHLINLDEEREDS
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5. b\fi‘hﬁ)——ﬁb*)"\'%bf:%ﬁ%ﬁ?’ﬁ‘nf 3. WROBERICHAER

ZOERROLADEEFEL TS, LB o>T. ZHOTODERE
PEMICHTIREORBICLETH S L VWISRIE, HEROPLP

PREICRENES LEEEICHA, TNMEBHEE, SERPRES

NEZEERLTNVWS,

Table 3-1. Protective effects of vitamin Bg compouﬁds
on TNM inactivation of tryptophanase

[

Vitamin Bg Residual activity ( % )

J
CRNENNNNWN
. . .

O .

Pyridoxal-P
Pyridoxamine-P
Pyridoxine-P
Pyridoxal
Pyridoxamine
Pyridoxine
Pyridoxal-P N-oxide
None

Without TNM treatment

*
OMY -2 W-L0ON

-t

Apotryptophanase (1.0 uM) was incubated in 0.05 M
triethanolamine-HCl (pH8.0) with a 30 molar excess of
TNM for 10 min at 37 ©C in the presence of various
vitamin Bg (0.1mM). The modification was terminated
with 0.14 M of 2-mercaptoethanol, and then the reaction
mixture was diluted ten times. After reconstitution

~with 0.1 mM of pyridoxal-P for 20 min at 37 °¢,
residual activity was determined.

Lipl. BEEEEDNH S PLP F-AXL ROHEICIE. FROHD
EYIVBALAMERLT D, NI r—RICREICEETSIL
BHEILATWS?D . FT4bH, PLP -AXY RDIAT XER
KeofflX 5.0uM YPLP® 2.0uM i LIZRABENHMEZRL.
Z72 Vo EICBWILPLPOBEER 100 % L LT, €D 65 % OF§E:
HEEZ LD IS, PLP 4% RREROEEEPLP L
FARENKES TR LTICHEBATRY M7 7 F—EDERBICKS
$T2rEZOLNE, L, RE—EETERZSDIE. PLP 1%y
RTREY UYBENRBREFIESLTWARN, PLPTIEWEY
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EYYYENEMLTHORERSS. PLP N-4%y RTIIFTHETH
BATHS.

LicHo T Fud yRBRELDHEEERICOWTHELZ Z2OKAD
3%. PLP F-4% Y Kizi3Fny v BELOBICPLPOBE L AR
EDTN G RY v & v 7 EASPHTE 2 —F. Fud v RERE DX
EESIE. BYVVBENCEAShAEBRETSZOHT L% 37207
TheL %5 (Fig.3-1) .

INES3%PLP MA%y KOBENPS. TNMEMHCHTEPLP
N % ¥ ROBRBEEXRITIUE, FO BEL BRROBOMESE
HORRERNTE LA TES, Thbb, vy E VIV HRELEE
EETHRIE. PLP -ARENRENRSTRINE—F. kRS
BRETAHERBTHINIL. PLP M43 RICREBREEHILE
ETBEAITLNETFEENG, Table 3-1 OHREY. PLP N-F%
VRICIBREERIIASAT. FurrREL HEEE L OBOMEEERIL.
T x ) —HABEEEY VY BENOBOKERSTH S LR,

TANSGEVETI/ I VA7 25— ENXEERENICLE L.
FOBHERIC 2 BOFRY Y BESFEL Tyrl) 13 5'-) YVBEL
Tyr225 ZHBRO T = /—VEKBE L TRPIKERET 5 2 L%
ERTWAD, UL, MU TRy F—FiZBWUI. DL 5%
EHEATIRTNMEHCHT2PLPEPLP N-4%y ROGRENED
FEZFFTELNDT, RS T ODTWEEEIEN,

(2) TNMESmBEROMERICHY 580
CDIRTIZ. (DS I HBRBA RO 430 an ORINEME BRI

7EXOBREZEEL. TNMEMAFEEREIZOWIPLPOREHETE
BKDM S1uM £, REBHESD 0.TuM IZEXRTZFLIEMLTWS
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ZEERWELTWS, Z0Yy 7HEEBREZ. PLPAOHNES
RTVEOORETHSH. BE-BEEESKNTIE. v 7EEBR
. MROIY 71 A=Y s VRERSEL. PLPOYYBELLY
BELOBCHEATEAPHRIN. ISR BE-BRAEAE
FOPLPORAHREICAS <HEETELFREREY, 20k, &
Dy 7EEBREL. BE-SRENEAKTOP LPOBAREEZO
T 2RETZRETIELY,

22T, TNMESBRCWT. (BE-HED) BSktORRED
HEABREE ANS 20, Sephadex G-25 7T L% HWA IV AEEICE
h (TNM-EfER-HRR) Hakr s ORBERORELECONT
B L7, $0bb. BEETEMRLATNMENHESRE Sephadex
G-25 SN BBA T BIP . BT S5 Y/ REHOP L PRELH
CEL.BET/—-HDOPLPOERLEFPLPEEELTRLL,

{
% 100
- 1
<
S .50+
g
o
o
a
4 2
S 20r
(=
z
j .
>
e 10Ff
1. 1
0 20 40

Retention time ( min )

Fig.3-2 Kinetics of the pyridoxal-P dissociation from
the native and TNM-modified tryptophanase on gel
filtration. The native and TNM-modified holoenzyme were
passed through a Sephadex G-25 column (1.0 x 22 cm)
with various flow rates eluting with 0.05M
triethanolamine-HCl (pH8.0) containing 0.1M KCl and 1mM
DTT. 1, The native enzyme; 2, the TNM-modified enzyme.
Protein concentration was determined by means of a dye
biding assay. Pyridoxal-P content was determined as
described in Materials & Methods.
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A ZLARDRFEFREZARL TONVEE L OYBENHEERREZEZ.
PLPEEORBREALETO Y FL. BONLERNMES » L EHER
BEEE (ko) RO, REMERTINILALERRIIBEL T, k-
3.87 x10°° nin" ' #5270 L. TNMESERTIE. BRELE
LBEL. 20 ke fEiZ 2.69 x10°2 nin ' THD. FOBEEEEIC
X 7.0 BFOEMHI RO SR (Fig.3-2) .
EEOFEETTREBRD BEQV YV BRELOEDY v 7I8EPRH
TEHDT, HERZHERENICHFET 03, 5' -V YBEOHERNZA
FUESOBIREY VVBNEF OV VRBEROKEESD ZARE
L. &5, TNMEBHFBEETEIHRELBRINLZW (Fig 3-3) .

Lys270

3

AN
cH X;l
" 0sp-0-tHzc Y 3

++

- Vaha

Z~-0

2

Tyr Madifled
Tyr

Fig.3-3 Possible interactions between pyridoxal-P
and, the TNM-modified and unmodified tyrosyl
residue in tryptophanase

L7ehoT a-7TI/EZ2LOFEDEFEET TR, FU5BICELTT
NMEHBREZZ L {HEREZEELTWEFREINS (Table 3-2) ,
BRI, L-FNIT 77y -T2 TUYRITAA T 2EMNT

2. ERNFCS SRXPLPOBESLISEESINLDIZHL, a-T
I ERLAW 34 YR T7REF VERA Y R—AIIZIIZDED
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L RREREE LET I HRINTLA LR, RENEROBHEITIE.
A—&pE T CRRAIIC L 2 BEEORBINIL A LA LRE NI LA
HELTWB, Lisii-T ., BR-BRENSHHORRROELS
EL. TNMENBRTRABENERIC SRELETFLTINGIL
FRATE T, |

Table 3-2. Effects of substrates and substrate analogs
on the resolution of TNM-modified tryptophanase

Substrate (. Km or Ki value ) Protein Pyridoxal-P Pyridoxal-P
oo ™ pM M content
None before gel filtration 13.1 10.9 0.83
None after gel filtration 1.82 1.28 0.70
Tryptophan 10 (0.33) 3.64 0.90 0.25
Alanine 100 (30) 2.84 0.90 0.32
3-Indolepropionic acid 2.5 (0.5) 3.00 1.56 0.52
Ammonium chloride 1800 (345) 2.89 0.51 0.18

TNM-modified holotryptophanase (13.1 uM, .monomer) was
incubated with various substrates ox substrate analogs
at the indicated concentrations for 20 min at 37 ~C,
and then applied to a Sephadex G-25 column (1.4 x 7.0
cm). Protein concentration was determined by means of a

dyve binding assay.

(3) TNMEHRESOBRNARY M LER

MY TR 77— EORBOLRICHEEIE. ZhERORRENLE
KER A7 MLz b e SWTHEERTWS (Fig.3-4) 2, $abb,
EOBETHRALBE-HEEESROBREAY v 7EZORIRICHRKT S

337 nm B L 420 nm BBICEEE V. 420 mn OBHRR-FEHEESEOEE
%:‘/“y ZIEEEB LY 500 nm (HEDF /A KBk, 492 m D a-73
JP7UNETHS (Fig 3-4B XU Fig.3-5, M) .
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TNMEHi% 3370 VYEEFSEREESHNLL LToFELS
DBHEE>T VB HPE,PEANS 2D, TNMESBRFZOL 3%
BERCERETWFROBRE L CHIETE 208 . BT FOr RIS
DRIRANR T FEALS SBEF L7 (Fig. 3-5.58)

’

La La T e

+ N7 7
&EH H & EL *‘:") ™’ S
(337) L “c" : N
) a~H abstraction t
ENZ | » ENZ C & < Nz
N umd

i l :
b1
EsH Es (500) “wg>
Ib 5
‘ - eliminati
(420) /vﬂ,\{ ~—MNHy  CHyC0COQ™ # e o;:q-/‘ {\ﬁﬂ
E;NZ ENZ ENZ°
coo~
I i . 5 oon
L we? TS e :c’x—ﬁ
- CH’ ——— CHI
A e x B
l > Pyruvare l l
N w7 nZN
(420) * Ho Hydrolysls *™ (492)
™ z o

Fig.3-4 The mechanism for the reactions catalyzed by
tryptophanase. The scheme represents a combination,
with some modification of Snell (1975) 8) and June et
al.(1981) 9). The values 1in parentheses show the
specific absorption maxima of the reaction
intermediates.

TNMEMBRIZENED L-7I322FMLTH, REMHERIZAS
N3 500 nm DX/ A RFfEEESE L 2WHT, TNMBHERIZe-T
DM RRETELWIEBHEBLL, EIAHB. L-NUTRT PR
-7y, BTV LAEMI S L. 420 nn OFEAZ S v V&
ENRINPHENIzDT, TNMEHBRIZBEPLEENDTILERA I
VEBEMBETES ILPHLPICL o7, June P 5I3. FUTHT
FF—LIBWTEY VRN EHEERT 2 BEERENFEZEE
L. COBEESZOERRE LTEY YYBNoTR b ALicBEET 2
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ERELA, TNME#HZ D 7550 YREGZDEEZEREICHY

THEEZLHNS,
] ‘ I i 1 z
.‘16 s 2,3 %
[ L3 1 ‘\ _/"\ =1030 ous
. | ;x
g [
2 0l \ i \ |20 owo
2 ~~ jo\
= N
0.05 - \ }/ \\ \ ~1010 005
7 \
Ll | S 1 I X |\\ \'\
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Fig.3-5 Effect of substrates and substrate analogs on
the absorption spectra of TNM-modified tryptophanase.
The native holoenzyme (1.0 mg/ml) and the TNM-modified
holoenzyme(0.83 mg/ml) were incubated with various
substrates or substrate analogs for 20 min at 37 °c,
and then subjected to absorption spectral analyses in
0.05M triethanolamine-HCl (pH8.0) containing 0.1¥ KCl
and imM DTT. The native enzyme, left; the TNM-modified
enzyme, right; 1, None; 2, 10mM L-tryptophan; 3, 100mM
L-alanine; 4, 2.5mM 3-indolepropionic acid; 3, 1.8M
ammonium chloride; 6, 1.8M ammonium chloride and 0.2M

potassium pyuvate.
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Fig.3-6 The catalytic function of the TNM-modifiable
tyrosyl residue in tryptophanase
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Fig.4-1 The reactions of the 1-ethyl-3-(3-dimethyamino-
propyl)carbodiimide with carboxylic acids. E denotes
proteins. HX is any nucleophile, usually an amine such
as glycine ethyl ester, although it may also be water.
Only the N-acyl,Rqproducts are shown, but the reaction
probably produces a mixture of R, and R, isomers.
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Fig.4-2 Effect of EDC concentration (A) and kinetic
determination of stoichiometry (B) of apotryptophanase
inactivation by EDC. A: After reactivation of the
apoenzyme by DTT treatment in the presence of 0.4 mM
pyridoxal-P, the holoenzyme was disscciated to the
apoenzyme with DL-penicillamine treatment and
subsequent gel filtration on Sephadex G-25 column. The
apoenzyme,vQ.135 M monomer was incubated with the
indicated concentration of EDC at 37 ©¢c. B: The
pseudo~-first-order inactivation rate constant, k' was
calculated from the slope of the inactivation, and was
plotted against the corresponding EDC concentration.

RENE 1 WEETARL L 52, EDCEMTIET I R{LMprdH 5
Wit ST UVRER AL LB 40, NUTRT 2 F—E0HE (1)
0.54 7V ¥ Y TFVIRATFNDFELZIPPH ST ED CEBHREEESR
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27ED ClILEFVVEDSH . BIRIGE LTS 274 VRS
SURFRL YERESD LLRIETS. DTNBIZL B 274 Y RBRED
SHEEM Y FTHHTH Y. DTTTAET 2 L BREESFESET 2.
ZZTDTNBTSHEREBLADS, EDCEMEFVD TTHE
CE->TEBEVERETENLE . T%bb, EDCHESHERRET
B3I PERFT LA, DTN BEMEBHOBEIZIZIZITOOEEDS
BTN LXK, EDCEBMHZTI L. biIXPe<{ERIRELLW
HT. EDCITk 3 %3EIZS HEDBHHFEETIIZ WS L ASHERL 72
(Table 4-1) . o

Table 4-1 Effect of DTNB modification of thiol groups
in apotryptophanase on EDC modification

DTNB EDC Residual activity (%)
treatmenta) treatmentb) DTT treatmentc)
. r —
- - : 100 100
- + 0.5 0.1
+ - 0.9 90.6
+ + 0.7 0.0

a) K¥-free apoenzyme (0.32 pM monomer) was treated at
37 ©C for 20 min with 12.6 uM of DTNB.

b) K¥-free apoenzyme (0.31 uM monomer) was treated at

) 37 ©C for 20 min with 25 mM of EDC.

c¢) K'-holoenzyme (0.30 uM monomer) was treated at
37°C for 20 min with 5 mM of DTT in the presence
of 0.1 M KCl and 0.1 mM pyridoxal-P.

FO s BREFED CEBHiZ DIHE. 0.5 M DL ReXx A7 3y
MBIz L > CTHEESFEETZ L3R TW5ES2, EDCEBfidZNLO%
%E%Lfﬁﬁiﬁﬁﬁﬁéf\%D&V%ﬁﬁEDC%%%ﬁHE%
F. RELCTEEHEIIEWY,
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BED 50 % ORBILSELBRRRE, TobbREEHK, 4
0. duME BH SR (Fig. 4-4) | BERSIZST 3 BEEOK HED 2.0
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Fig.4-3 Effect of pyridoxal-P concentration in the
inactivation of apotryptophanase by EDC. The apoenzyme,
0.170 uM was preincubated at 37 © for 20 min with the
indicated concentration of pyridoxal-P, then incubated
with 20 mM EDC for 20 min. Inset:

Protection (%) = ( Ay~ Ag )/( A Ag) x 100

where A, is the res:.dual act1v1%y after EDC treatment
in the presence of x uM of pyridoxal-P, Ay is that in
the absence of pyridoxal-P, and A_gp is that in the
presence of 1 mM pyridoxal-P without EDC.
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-7z (Table 4-2)

Table 4-2 Effect of vitamin Bg compounds on
the inactivation of apotryptophanase by EDC.

Vitamin Bg Residual activity (%)
None : 32.1
Pyridoxal-P 68.6
Pyridoxamine-P 40.4
Pyridoxine-P 37.4
Pyridoxal 30.0
Pyridoxamine 33.8
Pyridoxine 31.0

The apoenzyme (0.15 uM monomer) was treated with 23 mM
EDC at 37 ©°C.for 20 min in 0.05 M triethanolamine-HCl
{pH 8.0) containing 0.1 M KCl in the presence of 0.1 mM
of various vitamin Bg compounds. The enzyme activity
determined without EDC treatment in the presence of
each vitamin Bg was taken as a control.

100
K*
oy | NHa*
>
=
7] . +
° 50 Lt Na Rb
S
E +*
a Cs
24 L
0 L i ] L
0 05 10 15 20

Crystal ionic radius (A)

Fig.4-4 Effect of monovalent cations on EDC
inactivation of holotryptophanase. Holotryptophanase
(0.157 uM monomer) was treated with 24 mM EDC at 37 el
for 20 min in the presence of 0.1 mM pyridoxal-P and
0.1 M of various monovalent cations. The enzyme
activity determined without EDC in the presence of 0.1
mM pyridoxal-P and the respectlve monovalent cation was
taken as a control.
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ﬁﬁ?tbfﬁﬁ&u\%®4ﬁy¥&&%ﬁ&ﬁﬁﬁﬁb\Nw%
Li* BAREELSA AV TH24, Fig.d~4 ITRTII . BERSF
ETEE. K*°NH  OEELHBETFICOA. EDCEBMIHTLRE
HEATD SN2, LizH-> T, BREOFEET. BEXHEETORM
o TEBINLERLBEENI Y 7+ A—Y 3 B, EDCEM#iP
LEHEPRETINHLEBTHZILPHLPIZL ST,

Table 4-3 Effect of substrate analogs on inactivation
of holotryptophanase by EDC.

Substrate analog Concentration (Ki) Residual activity
Oxyindolyl-L-alanine?) 75 (2.5) %M 86.4 %
L-Ethionine?) 2600 (520)1°) 37.4
3-IndolepropionateS) 2100 (360-420) %) 9.9
Indole 00 (1)) 8.0
None . - 5.3
Without EDC treatment - ' 100
a) M CH,CH(NH,)COOH  ©) [::::I::—:E/'C”zc“zcoo”
N
0 H

N
H
b) CHBCHZ—S-(CHZ)Z-CH(NHZ)COOH

The holoenzyme, 7.74 uM monomer in triethanol-
amine-HC1 (pH 8.0) containing 0.1 M KCl was incubated
with various substarte analogs at the indicated
concentrations for 10 min at 37 , then treated with
40 mM of EDC for 40 min at 37 Oc. after extensive
dialysis against 0.05 M triethanolamine-HCl (pH 8.0)
containing 0.1 M KCl and 5 mM DTT, residual enzyme
activity was determined. The reported Kj value of
substrate analog was shown in the parenthesis.
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Residual activity (%)
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(Fig. 4-6) .
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_Fig.4-5 Effect of pH on EDC inactivation rate of (A)
apotryptophanase and (B) holotryptophanase. The
apoenzyme (2.3 uM monomer) or the holoenzyme (2.9 uM
monomer) was treated with 40 mM EDC in 0.1 M tri-
ethanolamine-HCl (pH 6.0-8.2) and 0.05 M 2-(N-morpho-
lino)ethanesulphonate-NaOH (pH 4.3-6.5) containing 0.1
M KCl and 0.5 M glycine ethyl ester. At the indicated
time, an aliquot portion was taken out for residual

activity assay.
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< HREBEMICRIET 5 L iR L.

_44_



LidinT, ALA&#TFTCEDCESHESHE TR 77 F—¥D
ALEXVNEIZHOWT, Fig. 4-8 PLEHINANITDOP K.
5.6-5.8 "C’Z?)'U{ COEITBBEDONRTF RIZBI B ANV KRRV IVED
p KD 3.5-4.5 12< HRERICEY, —RICHERECIPDET
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Fig.4-6 pH dependence of the inactivation rate
constants of apo- and holotryptophanases by EDC, and
the amidation rate of m-nitrobenzoate with glycine
ethyl ester by EDC. Modification rate of m-
nitrobenzoate with glycine ethyl ester in the presence
of 40 mM EDC was determined according to the methed of
Hoare and Koshland Jr. 54) The inactivation rate
constants calculated from the each slopes and the
amidation rate constants were plotted against the cor-

responding pH. The pPK, values were calculated from the
double-resiprocal plots.
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(«— Native enzyme Kg= 0.81 pM
1.1 mol Pyridoxai-P / mol monomer

EDC-moc'Hfied enzyme Kd= 5.3 uM
6.9 mol Pyridoxal-P / mol monomer

Bound Pyridoxal-P / Free Pyridoxal-P
T

Bound Pyridoxal-P {pMj
Fig.4-7 Scatchard plot of pyridoxal-P binding in
native and EDC-modified apotryptophanase. Aliquots
portions of pyridoxal-P were added every 20 min to 30.2
UM of native and EDC-modified enzyme in an initial
volume of.0.7 ml -in 0.05 M triethanolamine-HCl (pH 8.0)
containing 0.1 M KCl and 2-mercaptoethanol. The
amount of pyridoxal-P bound to the enzyme was
‘determined from the increase of absorbance at 430 nm by
the addition of pyridoxal-P.- The intercepts
corresponded to 1.1 pyridoxal-P sites/ native monomer
and 0.9 pyridoxal-P sites/ modified monomer. Kg,
dissociation constant for protein-coenzyme interaction.
REHERY . BEFOK A4 A DRWEHFT Sephadex G-25% AW
BELADBATACPITEE. K ATV ERILDICPLPLERETS
ZEBRHISRTWAYT , ED CBMBETIE. ARIC. K4 Frzk
o7, BEBEIEKBEEMICHERIRTWA (Table 4-4) , ZHDa
AN ERVAEDESTBMIICH B TAEVRES, 72207 UK
P UL > TEHINTRELAMIT 7 7 r—¥d BEOHE
ERELFETRBREEREL WS, ZHE D CEMEBEROEEICI.
DL-RZy S I MEESNAEEFD L. BETRTOBRERIBHEL

7> (Table 4-4) , L7z#->T . EDCEMHY. HERESBUEZEDOL
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ERBREIOBECTLPE 2RI L. ZOERP LPOEEE T
rEREND, '

Table 4«4.Effect of gel filtration through Sephadex G-
25 on dissociation of pyridoxal-P and K* from the
native and EDC-modified tryptophanase.

Protein Pyridoxal-P Pyridoxal-P k" jon k" ion

E

nzyme (uM) (uM) content (1) content
Native 13.3 8.83 0.669 1.94 0.146
EDC-Modified 7.0 7.23 0.907 0.35 0.050
EDC-Modified

+ Penicillamine 8.0 0.70 0.101 - -

The native holo enzyme and EDC-modified hcloenzyme were
applied to gel filtration column (g1.0 x 19.0 cm) and
assayed for the concentrations of pyridoxal-P and X* as
described in Materials & Methods. pyridoxal-P content

- and K* content represent the respective molar ratios to
the enzyme monomer.

(4.2) EDCE#HhEBENIHICHT 5 HME
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Fig.4-8 Effect of substrate and substrate analogs on
the absorption spectra of EDC-modified tryptophanase
and native tryptophanase. EDC-modified enzyme (16.9 uM
momoner) and the native enzyme (18.2 uM monomer) were
incubated with the indicated concentration of
substrate analogs for 20 min at 37 ©¢c, and then
subjected to absorption spectral analyses in 0.05 M-
triethanolamine-HCl (pH 8.0) containing 0.1 M KCl and 5
mM DTT. The native enzyme (1-3),1; none, 2; 20 mM L~
ethionine,3; 400 mM ammonium chloride, the EDC-modified
enzyme 4; none, 20 mM I,-ethionine, 400 mM ammonium
chloride.
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Fig.4-9 The catalytic function of the EDC-modifiable
carboxyl group in tryptophanase
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