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Identification of a Protein Kinase using a FITC-labelled Synthetic Peptide in Streptomyces griseus IFO
13350. Her, Jin-Haeng, Yong Hoon Choeng, Jong-Hee Kim, Soo-Kyung Sin!, Chang Gu Hyun', Jaesun
Chun?, Sang Soon Kang?, Dae-Kyung Kang®, and Soon-Kwang Hong". Department of Biological Science,
College of Natural Science, Myongji University, Yongin, Kyonggido 449-728, Korea, 'AtmanBioScience Inc.,
Department of Biological Science, Myongji University, Yongin, Kyonggido 449-728, Korea, “Division of Science
Education, Chungbuk National University, Chongju 361-763, Korea, Bio-Resources Institute, Easy Bio system
Inc., Chonan, Chungnam 330-820, Korea — Streptomycetes is a group of Gram-positive soil bacteria that grow
as a branching vegetative mycelium leading to the formation of spores, and display a physiological differenti-
ation related to the synthesis of many secondary metabolites including antibiotics. Their complex life cycle
and multicellular differentiation require various levels of regulation and types of signal transduction systems
including eukaryotic-type serine/threonine protein kinases and prokaryotic-type histidine/aspartic acid protein
kinases. Akt kinase that was found in cells is a serine/threonine kinase controlling signal pathway for multi-
tude of important cellular events. The activation or inactivation of Akt kinase in the cell is one of the critical
regulatory points to deliver cell proliferation, differentiation, survival or apoptosis signal. To find the regula-
tory protein homologous to Akt in Streptomyces, the fluorescien-labeled synthetic peptide (FITC-TRRSR-
TESIT) was designed from the consensus sequence of target proteins for Akt kinase. From the difference of
the mobility between the nonphosphorylated and phosphorylated synthetic peptides on Agarose gel electro-
phoresis, the Akt-phosphorylating activity was monitored. The cell-free extract prepared from Streptomyces
griseus IFO 13350 and the Akt homologous protein was purified by ammonium sulfate fractionation and
many steps of column chromatographies such as, DEAE-Sepharose , Mono Q, Resource Phenyl-Superose and
Gel permeation column chromatographies. As a result, the protein phosphorylating the fluorescien-labeled
Akt substrate was identified and it’s molecular weight was estimated as 39 kDa on SDS-PAGE.
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2] Bl M AF7EA] B A3 A 7)1 3AA)
A 7179} v QA Al dFHe] ghem, 2 ¢2
A-factoroll 2} 8t Streptomyces griseusol| A1) streptomycin
A 2 AE E3lel) A3 Aly7]771 AAIE] ATFE Q)
1[5,18], Streptomyces coelicoloro} = %13 A LA ser/
thr/tyr A1 2] Q1Abs} gl o] Als A7 75 EF3he
AfsR/A£sK[7, 8, 10] B! A3 2] bacterial two-component
regulatory system?l AfsQ1/Q2 A Fo] B uFe] Qlt}1,3,
17]. o1&lell® S coelicolorllX B1El globaldt 45412}
oll:= abad, absd, absB, afsB, bld4, B, D, G, H, I, bldF,
F, mia 59 %2 fAAEe] EaHAITH17], o1&l &
38l gl AT gt A A A= st
upe} Zro) M EA] A ZHLDAA (ser/thr/tyr kinase)E T
Z3= ARR/ARK 3 A EA A3 ADAA Q] his/asp
kinaseZ 733 AfsQl/AfsQ2 flofl= A58}t

B AFAoME 2259t S griseus®] E3 A 7)o
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Hele] AT-F AAIBR ghom, HITell: ST BAksH
= 229] protease?} FAFY MEEE Y o AN AL A4
o E FFE WAL 9SS LR 3 vl QI 3,4,13]. ol
3 Avp= o WAl Busl AelE dAAE Ko
I gle] AP F] E3aA o= AMYEAXF protease”}
F83E AL si12,16]. ¥ A7, WAl el W
oA AHYEH EAS Bol= A3 wpdge] AsAd
Alzwle] dubbel AHAYFReRE A E - e
Zhtsled aqkE|git}. Akt(Protein Kinase BY: g5 Al Eol
Al Axe] B3l g AL Fod S sk Aoy
22 il o] ser 27|} thr A7) QlAMSEle A ZALE
pdalal MES] S PR 11,15]. & ATellMs Akt
kinaseoll 2]3ted FAIBkE = 4 whijAle] <laks} F-9{d
EAshe BE 492 RE JgkE FITCE EAIRE 9%
peptide o|-43}ed, WPAFl = Akee} FAMSH 71H 2AE
z¥= ser/thr protein kinase7} EANZcR= AMLS- Ealsigl e
=, X712 QAREE FH3le] o] QlALE) B =Y
AL AA A

ERER T

oF ¥ HiY =

B A3 A5 WA S griseus [FO 13350 @5+
aminoglycosided] 3IEAQ] streptomycing A= T2
=73d)5te] S. Horinouchi W2 K] | 38okow | o]
= spore AEIE 20% glycerolel] ol -70°Cel] W35 HA3}ed
AH83EH18]. 8. griseus ] Wik R2YE ¥l [915 283}
gl 2o} R2YE wWiA]& 1L% sucrose 103 g, K;SO4 025 g,
MgCl,-6H,O 10.12 g, glucose 10 g, casamino acid 0.1 g,
yeast extract 5 g, 0.5% K,HPO, 10ml, 3.68% CaCl,-2H,0
80 ml, 20% L-proline 15 ml, 5.73% TES [pH 7.2] 100 ml,
trace elements -828 2 mis- ¥33lr glo, AiAle] 7
ol 2.2% agars H7lshe] Alzslsich. A FA AHE
23 R2YE A4 A =] 200 mlel] S. griseus IFO 133502 A
Z3}o] 28°CellM 347t A ek g F 10 L iAol AFsted
e Z71(28°C, 250 rpm).2E 3U7F E ujokS A s}

A FZM =X Y Ammonium Sulfate 28 &[T

5 vlF F dAEEE Bl el dAl 1,000 mig]
lysis buffer (50 mM Tris-HCI[pH 7.5], 10 mM EDTA, 1
mM DTT)E AH7ste] #A15 AlH3 F, oA 1,000 ml2]
lysis buffers] 52 A7) lysozymeS FF 2 mg/ml
2] BE2 Hrlsled 4°CoA 1A7F A g F, 302 72
2 53] sonication® AA|Eld A E FslElict. A= 7
AZ 20,000 X gollM 3087 AR sld THEAS F
23} & ALSol wh8- #3lod 40-70% ammonium sulfate 5
%% 39l Ammonium sulfate 55A] T ] 3=

20,000 X gollA 12]7F A RS Al d& AAES
A3

DEAE-Sepharose FFQ lon Exchange Chromatography

DEAE-Sepharose FFQ resin 200 mlZ 27 5 cme] #2
columnel] # ¥ ¥ Buffer AQ20 mM Tris-HCI[pH 7.2, 1
mM EDTA, 1 mM DTT)E F33] #leof A3} A7 F,
ammonium sulfate T35 53l 3l HAE 500 ml9
Buffer Aol =< 3 <] puffere]] 33} A7) column Y
of F3lgdel. @A F4 F, Buffer AZ HHS F
1,000 ml®] Buffer Aol NaCl& 77+ 0.1 M, 02 M, 03 M,
04M, 0.5M, 1 Meo| H=F Arlsle] $% 5Sml/min= 4
ol WE DAY 458 AN, 2 fraction % 10
ml¥ & A 4 o FReA EElE Al
sample fractions F-534=A|1 5 AME3le] 280 nmellMe] F-
AL ZAs, olF /|EeR WiAS IRkl Qe
8] 8- AA e Akt 7] peptideo] T3t protein kinase
assays A3l

Mono Q Column Chromatography

Mono Q HR 5/5 column-& ©]8-3}e] FPLC (Amersham-
pharmacia Inc.)Z $23)3}%3v}. Mono Q resins 0.1 M NaCl
< 33 Buffer AR A3 F 53k Sbgdol] 33} A
71 b AS F]l8le] T buffer2 HlA 3 F, 0.1 Mol A
0.6 M7} 2] NaCl& ¥-f-3 Buffer AZ 4 X op&
gradient elution$ AA|3A e £F A 452 1 m/mins
ZAstga, 2+ 23 1 mY L EF3ed 2eE 7
fractiong ©]-&3}e] Akt 7] & peptidecl] w3}t protein kinase
assay S AAF} L o] F BAE Holx fractiond Eof
dialysis - Aol A3}

Phenyl-Superose Column Chromatography

Phenyl-Superose cloumng- A543-8- o] 83 HkAl 02 o]
Al FPLC system< AF8-3}9t}. Resource Phenyl-Superose
resing 1 M ammonium sulfateZ ¥--31= Buffer AZ A3
3 ¥ FY 803 YAl L8NS columnHel] F
Bl FE3E k] T 9F o= MHE F 0.5 ml/min
4032 Buffer Aol T3} reverse gradient ¥}A)2] £35S AA|
slgdct. 2 222 0.5 mlmind #319doH o] E o]83led Akt
7] A peptideol] 3} protein kinase assay& AAISIAL, o F
24 & Hol: fractions # 3}ed SDS-Polyacrylamide Gel
Electrophoresis(SDS-PAGE)Z 31127, Amicon filter(ZA}3F
10,000)% shlA-L- 2=235)o] Gel Permeation Chromatography
£ 3+

Gel Permeation Chromatography
Superdex HR 75 columng& o] &3}ed FPLCE EA}[efo]|



a3 A BelE AA] )¢t} Superdex HR 75 column
< 0.15M NaClE §-5% Buffer AZ. AlH ko] 333} A]
7l ¥ 559 AL 7Y F 5 05 mimin®] X2
SiAS Felsialth 4 22 05 mid FHsiolon ol &
o] 43ty Akt 1A peptidesl] &} protein kinase assay S
AXsle] o]F IS Hol: fractiond SDS-PAGEZE 24
dle] Al e] ePks BA sl

Protein Kinase Assay % SDS-PAGE

Protein kinase assay’= 33 £3%] FITC 7} F-34 712
(FITC-TRRSRTESIT)S ]85} A&3ldr[11, 15]. ¥
o] & FITC-peptide 5pug, 2X Reaction buffer(40 mM
HEPES|pH 7.2], 20 mM MgCl,, 20 mM MnCl,, 2 mM
DTT, 40 mM ATP, 2 ug phosphatidyl serine as a PKC
activator) 10 pl, sample protein 5 ul, 3755 &8sl &
F3)5 20 plE 2437, 30°CelA 308 Whg-EE 3 95°Ce)
A 1087 dAYE S AAAIZ] samples 0.8%
agarose gelollA] AN sle] AL Felaldc}. =3t 4 3l
oAl g Felslr] $5ked 4-20% gradient
(Komabio Tech.yS o]-83led A3slgde). 7+ ATl why
7 A% Bradford FAY S o] 8313l on, EFEo2E
BSA(bovine serum albumin)E ARS8 H2].
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& peptideE 0|28t W7o Qlitst &Y

L AlEAA A A Ee o]
Ex 2 A 291 A2 SR e F83 B4 F shve
A RS olojvpia B A3} AelE FA8b7] 93t
o] FAZ W3lshs el AE = 83k et
upebr, A ED = AE2E T 2457 s §
Z7} st o]52] BgE S8 AzAET) T HaA
o] QA Ho}. &, Alxe] AzAdgAlE Bl HElsl=
FARA el A7t s H-Ss ez AlE A,
3}, o, Al AP, AE ol o]2: AgHALe] RE
HAE A3, o]8gt A5 Agell = akst HAo] F
- elet, WA 9A] A 3 B8t Fel #" s A
o 71" g5l glom, B3] o]3} wial I e Rslo]
A" 2% Ad Aol HuH T glo}. w3t uhiw
9] 7% AIM| Eo| BolH o2 EA 3l ser/thr/tyr protein
kinaseEo] B8l B} 9leH6,10,17]. £ A7<lME 53] A
3 M EAM AR, B3}, L] T8 HE8E 32 Qe
Akte} fFAREE 7] QArst SRS S griseus IFO
13350258 SRkl o] 5 2], AAISkA} sldeth. Akt
kinaset 5= EoAA] ME AR, B3, oF Al E2] AL
B4#¢] ser/thr kinase® 54 phosphorylation site® 2=
(xxRxRxxS/TX, X: hydrophobic amino acids) %H¥2-& 7]
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Fig. 1. Phosphorylation of the FITC-labelled synthetic peptide
by the cell-free extract prepared from S. griseus IFO13350.
The reaction mixtures were prepared as described in Materials and
Methods. Lane 1 represents the substrate used in this study, and
lane 2 and 3 represent the reactions with a intact cell-free extract
(lane 2) and a heat inactivated cell-free extract (lane 3), respec-
tively. The negative control without kinase source was loaded in
lane 4. The arrow indicates the phosphorylated peptide that
migrates faster than that of nonphosphotrylated form on Agarose
gel electrophoresis.

A2 Qalslel Qs Azle e S Ael B4E =
grel11, 15]. wkebA] Akt-specific phosphorylation site 2
Zk= peptided] 3% E49) FITCE $-3A)A 3438t FITC-
peptideE 7|AZ 331, S griseus [FO 133502 A wiok
Bl FAE I 3 F QL crude extractE kinase source
F o]83}od kinase assays AAIBKAT. 1 A} AkE Q)
A3} A 7)== 7kt BAdo] S griseus TFO 133509) cell free
extract2H-E] FRIFGI O, o] AL HAxjele) 2fsfe] 4
e AMESE )] Z)qlgt Ao A=Y (Fig.
). ©)23 AL S griseus IFO 13350 2 HolF §
HH1(A-factor
negative, sporulation negative) 33t o2} S coelicolordl]
E E2A)81= 2oz #lF ] on(data not shown), YHHH
2= oE Tl E EAEE g Aoz FAEHAH.

griseus deficient mutant, Streptomycin

[}
133505 10 L ¥ wiodsla, dilielr]= gARke: 3]4sled
ZFT7E o83l AEE 4 3l o] dAEE)
2 cell free extracts A3}t A8 Al E 290
ammonium sulfate S A 7}8Fed 40-70% ammonium sulfate
FEolA] A ks YAl R Slslgl o,
o]E ©}A] DEAE-Sepharose iom exchange column
chromatographyS- ~3)5}gc}. thial 422 5o o)
0.1, 02, 0.3, 04, 0.5, 1.0 M & =57} H %= NaClS A7}
s} 82ME AMSEl AR 858 AAEIE. & o
FEoA Aol BEF ghide] Exjsls S Bol
Akl AJ8lS- A 3t A3, 0.2 M NaClks- i3t 8390
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Fig. 2. The elution profile (A) and the kinase activity of each
fraction (B) obtained from Mono Q anoin-exchange column
chromatography after 40-70% ammonium sulfate fraction-
ation and DEAE-Sepharose FFQ Ion exchange chromatogra-
phy. The fractions (fraction number from 13 to 30) that have
the strong kinase activity were pooled and used for the next
purification step.

A B4E B BHol 4w 439 BE o} F4
2 A& ¥ Mono Q columng o] 83+ FPLCE 483131
o}, T 2e] A] §452 1 mlmin® T8Y318332, 0.1 Mell
A 0.6 MAFe]9] NaCl 9 5= TulE AH3 425 Wls
ALl 459 7 BES Qiks Ao FAS
3}l 2 (Fig. 2), kinase BAS Holx F-EIHE Hof 4
Resource  Phenyl-Superose
chromatography(Fig. 3)2} Gel permeation  column
chromatography (Fig. 4)2 s8slgich. i AAE F3l
Qe 7 23 £ AL vehlie 237 84| g ¥
£ SDS-PAGER A7]%4%-& AAEIa, vieh s =hiale]
BER2ke] o) 2 v AR A3, kinaseR ANEE F &
9] halS- gl = Ulek(Fig 3, 4). dAdEE F 4
il Wi =2 22 Aellle] 1 M Tris-Cl[pH 7.2] &Yl 4
221704 23] 35 A7 F AL A Fea gFdes
sy SRS 83 AJA o] & QAks DAz ALl
kinase assayZ A8 A3}, oF 39 kDao] xS 2= &
alste] QLS BHS el A4S A5 ol
o] QlAks} A FA S o]-&7 BATA, S grisesus®] JAFE;
A 162 F AYPE ik} il Aol 23l A
& b= Do) AR gl 202 HPFIen, o5
N7F Sds EAE ke Ao Akdu(6].
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Fig. 3. The elution profile (A) and the kinase activity of each
fraction (B) obtained from Resource Phenyl hydrophobic
chromatography. The fractions that show the phosphorylating
activity were analyzed by 4-20% gradient SDS-polyacryl
amide gel electrophoresis (C). C in (B), control reaction with-
out kinase; lanes 20-26 in (B) and (C), same fractions as num-
bered in (A); M in (C), low molecular weight size marker.

Akt kinase B4 2A4slgldt. 2 A, MEAS AER F
3] ok Wl FAo] et A EA FHENE A
at B3loA "R 73EE 348 HedFgivh(data not shown).
B Aztz e vyl AlEAS AlEeel] 22 A
Hol® 271A] o|ArY] ser/thr kinase?} EAs= AR &
], B A7l FA3 kinases M FEAe]| EAFH= kinase
Z9) & /= F5Ec}. w3, wioF Aol 2 Akt kinase
AL AR A3t 234 AubE Q] AAM B vehdt
32 gJont, wieF 40A)7F ©]F<l stationary phaseel| A 733lal
o] & QA 7HA = FYUF A oE FF =G H(data not
shown). Wb ser/thr kinase: A|E2] A7 F7)o) |8 Z
23 gas FPEla e Ao AlREY, B A o
S AMAPEA QlAiks} whildo] YES] HalatAel| F2
FJ3 Aol o)Re] Rare) GAFHS, 7, 8]

E2lE ousiEIEe] NUE HA
Ba)sl Bxlgk 39 kDa®] s o] Akt kinase ¢F FASH
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Fig. 4. The elution profile (A) and the kinase activity of each
fraction (B) obtained from Superdex HR 75 gel permeation
chromatography. The fractions that show the phosphorylating
activity were analyzed by 4-20% gradient SDS-polyacryl
amide gel electrophoresis and two proteins (protein 1 and II)
were expected as candidates for the kinase (C). The candi-
dates for the kinase were cut and recovered from the gel in
their renatured forms as described in Materials and Methods.
Protein I with a molecular weight of 39 kDa gave the phospho-
rylating activity for the designed FITC-labelled synthetic pep-
tide (D). The numbers in (B) and (C) means the fraction
number, and the roman numbers I and II in (D) represent two
protein bands in (C), respectively.

7IAEALE e QAR whiiAle] Ao® FAIE]o] ofd b
gt A5 A13s}r] $13ked ©iAle] N-terminal sequencing
4 AAskedeh ¢4 SDS-PAGER A7l gk whufzl Wi =&
Western transfer#}%] © 2 PVDF membrane®)] 7] & 3|
NERRS A} 33} SRR $838] A F, AAM A=z
slod A2 28l ¥4 237 N-terminale] blocking |
o Sl AlE 4 "o, oju|xAt MES HA & 5
Adsiet. Wi etu)xAl vid-E AAspledls AE Yol EA)
e 24 Ao ofo] A digiA| ] He] GAlE AX
FEH o2 oz Ao ofo] vF Ho] B AIEE
3lgjont o] o]Afe] AL Evls 3 AoE W)

IDENTIFICATION OF A PROTEIN KINASE IN STREPTOMYCES GRISEUS 239
2 o

S Bkl MAShs a9 ofA AlEeE M EA
2] o= A7)ell JPNETL oleix] At JFAE ¥
AL 11 Fol] FAE (A8 FAO) AR EslE ®
AEE goksl oA ALEAS AAlsle. o] 5] Ealst A
Fabol] w} S B-3lof = AR E-2] ser/thr protein kinase2}
AHBAYE2] his/asp acid protein kinase $3} 72 vjefst Al
IAY g So) 24E Fdslal glo). Akt kinase: A
AP EA] B9 ser/thr kinaseZ M| EW 2] kst X134
27|75 233 9l.on, A E W] Akt kinased] A3
e BB AR F4], B3 AE, AZANS AlsA
Goll ZA4A9] e Fdgiel. WAF 22 HE] Akt kinase
o} AR 715 e Alzde S s sk,
Akt kinae®] target ThiAE2] QJAbs} Fg] BEcjor iy
B] Yeh b= o}v]xAke] consensus sequenceS 7|RE }od
3= A7 FA peptide(FITC-TRRSRTESIT) E
AzFsidet. Az 714 peptidecl] 1AM doiuim o7}t
E22 A71GF AL 2540 Apolr} e, o] F A}
Adzloll A 33 peptideS FAH= PP E QIALS} assay
£ AA A S griseus TFO 13350 wi oF3t cell-free
extract23-E] ammonium sulfate fractionation®} DEAE-
Mono Q, Resource Phenyl-Superose, Gel

Sepharose,
permeation 5 9 A2 column chromatography 3 %35}
Akt A} A& AAsid et o Aa) WA el = 54
=2 Akie} FAREE 7|A 0| S 2k qlAbE) thizle] &
A= AR AdEgl o, 1 Fo shis Ealgko] 39
kDa Ax9] =78 2= A E A= 371X
QA Al A= S ] oY dTFAECA
W2 A o] $EARE £ Aol ARESE #A peptide
£ o183l wh-E X ookt qaksl iAo dishe]
e, Qakst i 9l A EA st B k8o
g 4 90 Aoz dadd.

#Ate| 2

E a3 kg £47)293(R01-2000-00109) AT
] 2ol 2J3le] Papgl o] Ao 2P} =3
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