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Z5& 1 WWEA alkaline phosphatase®] B8 93] S=39TFFNX Themus caldophilus GK24 55 A
A& Yt o] #FE 0)843l basal saltso] sodium glutamate, bactotryptone, glucose 2 yeast extractZ 3
7YA1Z] ¥l R A alkaline phosphatase A4MS AE3IQTh 2 23} sodium glutamate7} alkaline phosphatase
o £359 Aoz = Q). Alkaline phosphatase A4S 913t HF -G =4 v X+ basal saltsoll 0.3%
sodium glutamate, 0.2% bactotryptone, 05% glucoseE H713t Aoz FAATHL 7|EuAHG < 64, B
FulR] Hohe of 2758 ZEU1stEt)h. T caldophilus GK24 alkaline phosphataset™ FEaA = A EQch
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Alkaline phosphatases= & %F3- pH7} &zte) o),
EES A At d2El2 AFEE IR QA
R iH2E Aiehe 4P Sol4o] Yo ofd
o0, 1 FEZHE AT olzr|7A By
93HA EA8k o} Alkaline phosphatase oA &
2A 2 AT A7t g F " AL $olA
R A #2813 calf intestinal alkaline phosphatase(CIP)
9} tfdw F-209) bacterial alkaline phosphatase(BAP)©]
th o5 AAEL BANES 2 43T 2yd 9
FAHR AAZ PFEe A7) =

FolA FEll9 CIP= ¥4 oF 50,000 Da2) subunitE
74 o|FA AAEA E4YL In*E I gt
HE gF&a40/t o] f4E ALY HE A B4
2H| 28 ®asxg, o] Qat odaEla F A Qi
A2HZ Z2FL A3 Z3A Ego). = FF pHE
A7 Bed 10220 x gk A ¥ e oe
pH 80717 ol h\AH# Fao] BAPE= E. i
C75, E. coli A19 2 E. coli JM83 Sl ®o] 475t
139 £3] )& alkaline phosphatase®] 57 periplas-
mic enzymel. 2, AFAZ FAJF o] periplasmic space
7tA) ©]% ¥ signal peptidaseo] 2]&] signal peptide’}
HAYE ¥ B4 542 I9 EAFLS 47,029Daz
HuHAqck™ = E coli JM839] alkaline phosphatase
FHA7E HZo clonings o] opu:=At Ax}TEI}
A HEAHD? B QoM e Fo Hgstn g
o2 {483 WAA alkaline phosphataseZ ¥2]3}7]
A, BEHLo] 712~75CQ Thermuss 109 FFE
gFes ZABIATY 2 0 A5 g FFERY al-

Z=2 : Thermus caldophilus GK24, W8] alkaline phosphatase
*AgA A}

376

o
QA&

HArbeE ZAagAel AT JAATHI99%E

kaline phosphatase &4do] B|a A & Thermus caldo-
philus GK245 A9t £ AFNAE Thermus cal-
dophilus GK242 %5 ¥4 alkaline phosphatase®] 3
Az HHYLd gEly IdF AEI}ATL
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Thermus caldophilus GK24+= Taguchi, H. 5l 2]3|
A X Tochigi-kend] U+ Kawamata 2HoA EF
gram AT o.E FH 3 A§F o] 70~75Co|th? o]
TFE 5mio] AvFE ) A'%04% bactotryptone, 0.2%
yeast extract, 1Xbasal salts, pH 7.6)oll H 23} 72Co A,
180rpmo.2 2117t & wjgg ¥, 50089 T2
Zgta=3d] @7 100m/9) alkaline phosphatase %8
wfRlell 47} 1% A FAE3A ). wldd-S 72T A, 180
pmO. 2 g wjFIEA AZPEE FA YL} Eh
245 ZA389

1X basal salts 2] 232 nitrilotriacetic acid 0.1 g CaSO, -
2H20 0.06 g MgSO47H20 0.1 g NaCl 0.008 g KN03 0.
103 g, NaNQ; 0.689 g, FeCl; solution(0.03%) 1 ml, Nitsch’s
trace element £ 1m/, 20mM Tris/HCIpH 8.0)/
ojt}.

Nitsch’s trace elements®] Z42 H,S0, 0.5 m/, MnSO,
22g ZnSO, 05g, H;BO; 05g CuSO, 0.016 g, Na;MoO,
0.025g, CoCl.:6H,O 0.046 g/io]t}.

Alkaline phosphatase?] 3 fx& HixgAe 1X
basal saltsol] sodium glutamate, bactotryptone, yeast ext-
ract R glucoseE 27 A7IslY HAEAY TA F
7tEE 2ABEY A xEA
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7] 28] x| (basal medium) F4-& 1X basal salts, 0.2%
sodium glutamate ©]i1, I ZHl X](standard medium) =
& 1X basal salts, 0.2% sodium glutamate, 0.2% bacto-
tryptone©] t}.

LHZEM alkaline phosphataseQ| &4 =X

Alkaline phosphatase®] /32 Onish $9¥¢ ¥HH-&
ozt W st F3 e 712892 10mM Tris/HCl
(pH 76) &58Ao) 10mM p-nitrophenyl phosphate
(®NPP), 1 mM MgCLE H7}3t9 THEA)h whg-.e 50
mM Tris/HCI(pH 86) ¢%€< 800 m/°l 10 mM pNPP
7148 100wet ANEdg Egste] 72CoA 1087}
g3l & dgo] &7 2N NaOH 200 W2 Hhg-&
FAAZIL A2oA AR SAT ELEA ] 2A
2 F3A19] extinction coefficient 1.77X10/McmE o]
439 410nmeH FFEE QLD F48H 1
unit(U)2 72ColA 1% 1nmole p-nitrophenolS &
ANAle a2Fog HoFc)

Algde] Alze g7 2ok v gl 500 WE et
LAEET F, cell pellet2 50 mM Tris/HCI(pH 8.6) 500
Wz a8t dgAo) toluened} acetoned] 2:1
S 500 WE et 5E-7F agitation3t ). &
100WE =a4N02 FH3fe HEANHE o] &3kt

TAFS g 1mE 3 $ EFAE ALgsio
600 nmol A FZ=E ZHT gL TAFE 1F3)
At

ZEAO HIZ=

A719%5L 37] A4 cold osmotic shock HFH M4
© 2 alkaline phosphataseE F&38lth HA v ool o)
AATEE A3 2As 10m4 FHsle AR
g &, FAE 53Rk FAd ¥AA7 10mM
Tris/HCI(pH 80) 2miZ2 53] washing3t &, 20% suc-
rose/50 mM Tris/HCI(pH 80) 1 mio] @eH3tath. o 7)ol
lysozyme 0.1 mg@} 0.5M EDTA(pH 80) 4 WS 37}31
Z AL 3 A4 10~1587F 43, 78 &5
FA A spheroplastE HA A7 Aol IM MgSO,
10 WE 713ty 583 BRI &, A2 - ET 3
45 dgEtad. AAE A 1mie WadsE H
7}ete] 2087 2404 EE0] FHA alkaline phos-
phataseE FE3Gth o|FA FE2H 2ELAE A7

G AHE-EHT

HiHA H HI|HE U activity HHY

F2H 2a4H9S 01%?'5]"’1 vy A AVGE0s
319t} Polyacrylamide gel-- 7% separating gel, 5% stack-
ing gele AMEEIAI, 10ColA 70VE 1247 A719%E
3t A7 F AR @8N A& Trizma
base 3g Glycine 14.4¢g/1! (pH 8.8)°]c}.

Activity staining™(8/3494)2 &80 ne} 271
713 (a-naphthyl acid phosphate$} p-nitrophenyl phos-

phate)& 2183ttt 94 &4 bands <137 93
A8 HWA A H7195F F, polyacrylamide gelS
05M Tris/HCl(pH 88), 10 mM o-naphthyl acid phos-
phate, 1mM MgCl;, 025M Fast Blue BB Salt 7]&-&
A3} 37 72C shaking incubatoroll X 10837 ¥H-8-A1AH
WA x)7]1 & 7% methanol, 7% acetic acid £d o2 11
A3k

Coomassie Brilliant Blue §44-& #7]%% 3} polyacry-
lamide gel& Coomassie Brilliant Blue R-250 1 g, metha-
nol 450 ml, acetic acid 100 ml/1/ Ao 2 M3}, 7%
methanol, 7% acetic acid o2 M3
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Alkaline phosphatase =& I8t slix| =AY

T. caldophilus GK242%-E] W) €A alkaline phosphat-
ase?] HAAYALS 93 1X basal salts(xlE 2L WY
Zzyd 247 92 FAY-E #7Eske alkaline phosphat-
ase®] Al viAE FFE ZASHATH

AA Yo 2+ yeast extract, bactotryptone @ sodium
glutamateE A€3}c}. Fig. 12 1X basal saltso] &
298 02% 522 Z47; #H7)3ba] alkaline phosphatase
g4e B#FF Aolth 02% yeast extract H7IA)e]
AFL 02% bactotryptone E 0.2% sodium glutamate
H7MA B ¢f 26 o) FUHEAYE AE ¢ F Uk
12}, alkaline phosphatase 42 sodium glutamate
AH7H90U/ m))7} yeast extract F7H13U/ ml)) Rul= <
78], bactotryptone H7H4U/mi) Brhe= oF 23w &7
WERst

9o A8} HEE 1X basal saltsol] yeast extractZ
01~05% FL2, & Y3 WYL =Z bactotryptone-S
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Fig. 1. Growth and activity of alkaline phosphatase by T. caldo-
philus GK24 at pH 8.0 at 72°C. The organism was inoculated
into basal salts containing various nitrogen sources. Enzyme assay
conditions: pNPP, 72C, pH 86. Symbols; O—0, 02% sodium gluta-
mate; A—A, 02% bactotryptone; O—0, 0.2% yeast extract
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Fig. 2. Effect of sodium glutamate concentration on the induction
of 7. caldophilus GK24 alkaline phosphatase. The organism was
inoculated into basal salts containing various sodium glutamate con-
centration. Enzyme assay conditions: pNPP, 72C, pH 8.6. Symbols:
0—0, 02% sodium glutamate; +—+, 0.3% sodium glutamate;
O—0, 04% sodium glutamate; O—<, 05% sodium glutamate.

geFetA F7HAZ A E 22 oA FAE AES
& wjA|Zte] wWE alkaline phosphatase?] &A1& *
Als] HolcKdata AJEh). o] AFA] bactotryptoned}
yeast extract H7MAdlE Hrlsxeo Zrld uvldsio
gagAio] ozt FolAAY, #A FA& v EA
o] A4Fds] gt d2A 02%2} 05% yeast ext-
ract7} H71E Wi o)A Ztzh 16A17F W FAIZ S | FA)
FHEL 05%5 H71sE wiRloA oF 4 A= =A%,
BAEAHL o7 FUH8EY oF 2v) A= X3 it

Bactotryptone®] 4% A 84S BA watbA
yeast extract 2 bactotryptoned] F 5 Z7IA171H A
Z2) a3+ ¢loy, alkaline phosphatase?] &3+
A vty Az

¥ 1Xbasal saltsol] B+ 91920 glucosetHe A3t 23}
Axde) B, §71439 A48 5o FAAS] ¥3
Al = 5AEAEE A glirHdata A=)

Sodium glutamate H7}¢] 4§, yeast extract®} bactot-
ryptoneol] H)ul3}e] alkaline phosphatase %= &3}7}
AThE A& Fig 1604 € 5 ok oj g §F AL yeast
extract®} bactotryptoned)] o] 24to] F{Eo] H
ZE A3l Aoz AdHdd k3t yeast ext-
ract®} bactotryptoned]= <l4bol 24z} 0.29%9F 0.75%
T8 Aoz BuFo] UrHDifco Manual F=).
BN 4 §29 WE sodium glutamated] HHEEE
ZA8H o

Basal saltsel] sodium glutamate®E 02~05% F=2
TsHA A7 B A E 4 rEoiA TAE FET
% #jgA|Zto] wE alkaline phosphatase®] &4& %
AFgE Ao] Fig. 20|t} 02~0.3% sodium glutamate<]
Frd A EAEA0] ¢ 90U/ mlE FAHI £8 e
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Fig. 3. Growth and activity of alkaline phosphatase of 7. caldo-
philus GK24 at pH 8.0 at 72°C. The organism was inoculated
into basal medium(1X basal salts, 0.2% sodium giutamate) containing
various bactotryptone concentration. Enzyme assay conditions:
pNPP, 72C, pH 8.6. Symbols; O—O, basal medium (control); O—0J,
0.1% bactotryptone; O—<, 0.3% bactotryptone; A—24, 0.5% bactotr-
yptone. :

Belth a3y, 04% o149 ABY, 54%
Aut, FAF] F7tet ool 54 f=
A7) o] Aoz u@Pe ozl
e dh frd i HF ALAFHE BA
Aoz Azt ‘

Alkaline phosphatase®] Bttt &3¢l A4S YA
E A FAF vEEld A4 AAFE FLEofoptt
st} odEbd 1X basal saltsoll -4 0.2% sodium gluta-
mateES F7IA17] W) A2 7) Bl X](basal medium)Z. 3}31
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tased] NI F7ATIE WEez dATsiinh
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7|26l X|(basal medium)oll yeast extract, bactotryp-
tone ¥ glucose2| X7} &=}

7128} x] (IX basal salts, 0.2% sodium glutamate)oi
glucoseE 01~05%7tA th& F=2 A7 F T
caldophilus GK24E wjF3tdx a28AF TA4 F2
22 ZAE A glucoseS F7VSO 2R HA A5
A= Qo™ alkaline phosphatase®] XX 7]Eu]X]
Ht} @R8] "ojFrHdata A ). oA e©xddy 2
Ao F¥o] ©x) gpolx] A7 dFolztal AZEh

np27bA] vy oz J)Bul Ao bactotryptone-& I
0.1%, 03%, 2 05%% A7 & T caldophilus GK24&
kst AA 2A17 HEAo = AT UlAA] alkaline
phosphatase®] &4& ZA}H A o] Fig 3¢t} 05% bac-
totryptone®] 7}l o3} #FA FFEol A3 Ft
g o), WEA alkaline phosphatase?] 48 7}t
2 %o 71EH xR} 288 A= FHASHTE HE yeast
extract F7IA A E FAHE AFE HYtHdata A =h.
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Fig. 4. Growth and production of alkaline phosphatase of 7. cal-
dophilus GK24 at pH 8.0 at 72°C. The organism was inoculated
into standard medium(1X basal salts, 0.2% sodium glutamate, 0.2%
bactotryptone) containing various glucose concentration. Enzyme
assay conditions: pNPP, 72C, pH 8.6. Symbols: O—O, standard me-
dium (control); +—+, 02% glucose; (O0—0J, 04% glucose; G—<,
0.5% glucose; A—n, 0.6% glucose.

BELMMS I8t Nulix|o] MH

718-v] Ao bactotryptone® glucoseE EA|o} H7}A|
A AREEE & FAANNEZA FHZF4] 2 alkaline
phosphatase®] &#<Ql AYi+L HESF HYt) Fig 3
oA Z|Eu) R bactotryptoned] A7} A}Ee FAE
A9 F7MEY 238 FAZYY 9FS xE A
2}t E Fig. 1914 % yeast extracts TAF&-e =7}
AIZIAR 84 fEENE 038 Holiths AL ¢
T Aok E glucoseS 713 VIBHiAANE FAZ
ARge ASAHE ot olaf3t glucosed] <]3H
A& A 8= bactotryptone -+ yeast extractS A A
Ztge M HAY 4 Jridata ). WA TH 9
AR F2E 8 7)1 2u) Ao 02% bactotryptone-&
A7 BAE FFu)A(standard medium)E At
7)o AU glucoseE: HlEtd FA FEEHRE
ZAL8Ee] 2kt 2 HFH)R)(IX basal salts, 02% so-
dium glutamate, 02% bactotryptone)o] ¥AHQ glu-
coseE A7 02%, 04%, 05% 2 0.6%= H7}sk iz
oA T4 L alkaline phosphatase?] 844 ZA}3H
Zo] Fig. 4ot}

BAEAL glucose H7F Hxo wat A FHo|E
BAh 02% glucose 7l FAEA Ao 43S
FA QL oA T4 a7 Bk 03% glucose 7}
Al 8484 2 #A4F4 a3/ BgrHdata A .
T 04% glucose H7IAJo)| EABAL 3F3] F7)s)
Rt 53], 05% glucose F7te] A3 EZH|R oA 9]
FEAEH(F 20U/ mhHRt <k 2258 AE(A450 U/mi)
= vebstth Glucose?] FEE 06% o] H7MA o=
TAFL S7HAN 2484 3]8 A3 "ojx
Aoz eyt
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Fig. 5. Growth and production of alkaline phosphatase of 7. cal-
dophilus GK24 at pH 8.0 at 72°C. The organism was inoculated
into modified standard medium(1X basal salts, 0.3% sodium gluta-
mate, 0.2% bactotryptone) containing various glucose concentration.
Enzyme assay conditions: pNPP, 72, pH 86. Symbols; O—0O, mo-
dified standard medium (control); +—+, 0.2% glucose; O—01, 04%
glucose; ©—<, 0.5% glucose; A—», 06% glucose.

SHH, §4F% © TS sodium glutamate 2}
glucose?] w7} B§3Fo g #FAZtiy AzEe &
F X ZAF 02% sodium glutamateE 0.3% sodium
glutamate 2 273t A28t of 7)ol gAU glu-
coseZ T3 w52 FHJ)ste FAZ4 2 alkaline
phosphatase®] A& FA}3H Zlo] Fig 50lt). gix=
glucose F=& FI7M71H TAFHE F718l= AoR
veEldoh 84 fxa8d3s 02% glucose o]t A=
A Ak E 05~06% glucose FENA= 425
do] HlzstAl w2 Aoz JEydth TA el wls
24840 71 A JERE 05% glucose H71e] A
FEuf Ao ¢F 2758 XG50 U/mHE F7He9a, 7)
Euj Ao EAFA(SF 90 U/ml, Fig. 3 ZF)H ) ¢ 6v)
A= F7letdh

w2l T. caldophilus GK2428¥] W LA alkaline
phosphatase 2} AAHS 3+ 2 & -F-= v A} (optimal induc-
tion medium)E 1X basal salts, 0.3% sodium glutamate,
0.2% bactotryptone, 0.5% glucose 2 20 mM Tris/HCI(pH
80)2 AAsAt o] MAE o]&dte] FTA 1%5 H
2% F 72C9 4 15~_16/\]Zl vjFgro 24 alkaline
phosphataseE FHtjgo g AArg 4+ ok

Fo1e14tel M7t g3t

W HA alkaline phosphatase®] A4S 93 HALw
v} 2](0.3% sodium glutamate, 0.2% bactotryptone, 0.5%
glucose, 1X basal salts) 400mlol) 1%=Z T. caldophilus GK
245 AFsto 72CoNA 1087 w3 &, 50 ¥
ol & HFg71d WIds A o EHE )
FHol] F7]Q1Ato 2 potassium phosphateE 7z}7) Th &
SEEE H718te AlS et ugASs AEs
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Fig. 6. Effect of potassium phosphate concentration on the inhi-
bition of T. caldophilus GK24 alkaline phosphatase. The organism
was inoculated into optimal induction medium (1X basal salts, 0.3%
sodium glutamate, 0.2% bactotryptone, 0.5% glucose) containing va-
rious potassium phosphate concentration. Enzyme assay conditions:
PNPP, 72C, pH 86. Symbols: O—0O, No addition of potassium phos-
phate(control); +—+, 1mM potassium phosphate; 00—, 2mM
potassium phosphate; V—v, 3mM potassium phosphate; ¢—<,
4mM potassium phosphate; A—A, 5mM potassium phosphate.
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®)

Fig. 7. Polyacrylamide gel eletrophoresis of crude extract of T,
caldophilus GK24. The organism was inoculated into optimal induc-
tion medium containing 10mM potassium phosphate. A samples
of crude extract were subjected to electrophoresis under non-dena-
turing conditions. Gel A was stained for alkaline phosphatase acti-
vity and the parallel gel B with Coomassie Brilliant Blue G250.
The closed arrow indicates Tca alkaline phosphatase. Lane 1, opti-
mal induction medium(control); Lane 2, optimal induction medium
containing 10 mM potassium phosphate.

#3le) WYA alkaline phosphatased] &AL ZA}sH
3l0] Fig. 60|tk F7104+& H718HA 4L control Y
Z]of| B]8) potassium phosphateE 3 7}3F vl Ao A alkal-
ine phosphatase®] &Alo] © o]4 Z7}51A] ¢rgrt).
%3, Fig. 72 W94 alkaline phosphatase®] AJ4+g

At - AN
g HAR=H A, o BiXo) 10mM potassium
phosphateE A 7}A171 WX B)NA T. caldophilus GK24

S AN T FAE I3 2ELAE FE3HY9
HHA] A d7]9s 2 84 44 i o = alkaline
phosphatase?] f=&HE FAIG Aol o7joA £
Z1R14ke] H7ME WA A AKAIZ] FAfFA AE
e L8PS A& F YAHFig 7). WA T
caldophilus GK242) W g4 alkaline phosphatase= ™3
9] alkaline phosphatase™®$} wv}37tx|2 F-7]QlAko]
WX S Wi fFEFHE Exdgde A ¢ F
AAgTt

HAtS) &

B A7E ¥R ‘U dAHEAT A
A (FANZ : 941-0500-036-2)0)] 2l3le] =R A7 A
o] d¥oln dgtu] Ao AAI=EHU.
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Optimal Production of Thermostable Alkaline Phosphatase from Thermus caldophilus GK24
Youjin Kim, Myungsook Chun, Hyunkyu Kim and Suk-Tae Kwon* (Department of Genetic Engineering, Sung Kyun

Kwan University, Suwon 440-746, Korea)

Abstract : Thermus caldophilus GK24 was selected as sources of thermostable alkaline phosphatase from a survey
of extreme thermophile. 7. caldophilus GK24 was tested for production of alkaline phosphatase by addition of various
concentration of sodium glutamate, bactotryptone, glucose and yeast extract to basal salts. Sodium glutamate was
found to be effective for the alkaline phosphatase induction. The optimal induction medium for production of alkaline
phosphatase involves the addition of 0.3% sodium glutamate, 02% bactotryptone and 0.5% glucose to basal salts.
The activity of the enzyme in optimal induction medium increased nearly 6-fold/ m/ than basal medium and 27.5-
fold/ m/ than standard medium. 7. caldophilus GK24 alkaline phosphatase was found to be inducible. When starved
of inorganic phosphate, T. caldophilus GK24 produces the enzyme alkaline phosphatase. The addition of inorganic
phosphate to growth medium had a repressive effect on enzyme synthesis.
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