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Expression and purification of GST-Crosstide and its application in activity
analysis of AGC protein kinases™
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A AGC protein kinases play important roles in cellular signal pathways which affect cell growth, proliferation and
apoptosis. The purpose of this study was to advance the researches towards elucidating signal pathways regulated by AGC
kinases by providing a new protein substrate. We designed and constructed GST-Crosstide, a new specific protein substrate
of AGC kinases. Radiolabeled phosphorylation assays were performed in vitro using AGC kinases including Pkhl, Ypkl1 and
Aktl to phosphorylate GST-Crosstide. The results demonstrated that GST-Crosstide was phosphorylated effectively by active
Pkh1 and Ypkl which were expressed in yeast. The interaction between Pkhl and Ypkl enhanced the phosphorylation of GST-
Crosstide. The inactive form of Aktl expressed in E. coli was unable to phosphorylate GST-Crosstide until it was activated by
Pkhl or Ypkl. Our study indicated that GST-Crosstide could be used as an efficient tool to analyze AGC protein kinase activity.
GST-Crosstide may benefit future studies on cellular signal transduction pathways regulated by AGC protein kinases.
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Fig. 1 SDS-PAGE image of GST-Crosstide expressed in E. coli. 1:
uninduced positive transformant with pGEX-2TK-Crosstide; 2: IPTG induced
positive transformant with pGEX-2TK-Crosstide; 3: GST.
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Fig. 2 SDS-PAGE analysis of fractions through GST-Sepharose column.

M: Protein marker; 1-5: GST-Crosstide fractions of purification.
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Fig. 3 Phosphorylation detection of GST-Crosstide. 1: GST-Crosstide not
treated by A-ppase; 2: GST-Crosstide treated by A-ppase; 3: Thylakoid proteins
from Arabidopsis thaliana before illumination; 4: Thylakoid proteins from A.

thaliana after illumination.
2.2 LAGST-Crosstide ARG MPkh EESIE 4

AT 5 UE GST-Crosstide/E IS #0936 4, BEHC T 3R
1ZWFFE B9 AGCHE 1 i ——Pkh1, YpkIHI Akt10 HiEFT B2
k. B LL Ak Y 5 41 B [ GST-CrosstideZy ik ¥, 4lifk (% His-
PKhIA 3 , 38 3 (R S0l 8 Ak I R, 46 1l GST-Crosstide & 75
AR R AL S5 Won, U R B B Pkh RS 4 GST-
Crosstidefs}, A G+ M B B {L1E 5 ; [EBF, GST-Crosstide A~
REA A AR AL, Pkh1th AEEBEIR L GST ([&14) , BAHIPkhIA]
LL# GST-Crosstide§ 2 1., IEW] GST-Crosstide g £ I Pkh14E
P T 1 1 A U .
2.3 LAGST-Crosstide R4 M Ypk 1B & 14

T Sk VL4l Ak 1Y GST-Crosstide g iE 4, 4lifk i His-Ypkl1
ARG, 8 AR SRR 1k S B, K W GST-Crosstide /2 75 7]

208 BiERY 225

B Ypk 1w R k. 459 & B, S5 PRhIfgsk 2L, HEH
B Ypk 17T LA R Wi B2 1L GST-Crosstide (E5) , JEM GST-
CrosstidelR) 24 U Y pk 1EE 13 Bl 06 M 0 A U,

His-Pkh1 + + s = i

GST-Aktl - = = - +

GST-Crosstide + = + = -

GST 2 = - + "
e 4

El4 BAGST-Crosstide Ay EHI4& MPKh L A 1.

Fig. 4 Kinase activity assay of Pkhl using GST-Crosstide.
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Fig. 5 Kinase activity assay of Ypk1 using GST-Crosstide.
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Fig. 6 Pkhl enhanced the kinase activity of Aktl towards GST-Crosstide.
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Fig. 7 Ypkl enhanced the kinase activity of Aktl towards GST-Crosstide.

http://www.cibj.com/

Chin J Appl Environ Biol [ ]S54 1244k



226

H 20 GST-Crosstideh 11 R IB 211 S HAEAGCERU R G 244

EHHEE DR G & SR S ER, XA EA
B 25 BT B E B AR. AGCHE i B 7E A 5 5 18
B P o T B A I, 3 S X S T R R T R e 4 i L
KW RPE T, 2 R R A R AY IS 3. R, XFAGCHY
T B B TS AR S Al

AR BFGE VT I T 5 A AG C LB R IR W GST-
Crosstide, F %% BT 30 7E B AZ 40 Mg 4 3 0y g8 B & 2 E i
1E B AGCEE 1 flf ——Pkh1, YpkIFIAktl, R ISR
A4 77 1, 38 33 LI GST-Crosstide Ay 5S40 A% Iy il 755 14, B iF
T GST-Crosstidef & Ser/Thr & [ 15 i 1% Ve A 58 BOJE M) AT 47
Pk ASHIF ST 45 R WK, Pkhl, Ypk 134 8] ¥ GST-Crosstidefi iR
AL, WEBH T e T 6 85 P G A S T L3S i X GST-Crosstide
W B R AL AVE P SEAG . [RIAT, Aktl AR N BE B ph B W2 {1k GST-
Crosstide, {H Akt1A] DL 3% 58 Pkh1F1 Ypk 1%} GST-Crosstide it i
AL I PE, 7R GST-Crosstidetl, 7] LAYE S [A] $2E 46 I Akt155 4
TR S MR IC . ASHIE 98 2 B GST-Crosstide g A fE L AT LI/E
N H M AGCTR F B IR, TEA T ST 4 . 13X i —
HRAMFITAGCE H 2 50055 W M 5 A &5 H 2
13 S AGCE MR 2 5115 5 8 ik S5 . % 7
PEBIR Je 22 PR A7 P 28 A7 6, IR 40 S GST-Crosstide
AR N4 T AGCE (I BRI Y, 78 1T BE 25 435 243t
— M ER T H.

1 Manning BD, Cantley LC. AKT/PKB signaling: Navigating downstream
[J]. Cell, 2007, 129 (7): 1261-1274

2 LilJ, Yen C, Liaw D, Podsypanina K, Bose S, Wang SI, Puc J, Miliaresis C,
Rodgers L, McCombie R, Bigner SH, Giovanella BC, Ittmann 1, Tycko B,
Hibshoosh H, Wigler MH, Parsons R. PTEN, a putative protein tyrosine
phosphatase gene mutated in human brain, breast, and prostate cancer [J].
Science, 1997, 275: 1943-1947

3 Steck PA, Pershouse MA, Jasser SA, Alfred Yung WK, Lin H, Ligon
AH, Langford LA, Baumgard ML, Hattier T, Davis T, Frye C, Hu R,
Swedlund B, Teng DHR, Tavtigian SV. Identificationof a candidate
tumour suppressor gene, MMACI, at chromosome 10g23. 3 that is
mutated in multiple advanced cancers [J]. Nat Genet, 1997, 15: 356-362

4 Li DM, Sun H. TEP1, encoded by a candidate tumor suppressorlocus, is

US4 Chin J Appl Environ Biol

http://www.cibj.com/

10

11

12

14

a novel protein tyrosine phosphatase regulated by transforming growth
factor beta [J]. Cancer Res, 1997, 57: 2124-2129
Cantley LC, Neel BG. New insights into tumor suppression: PTEN
suppresses tumor formation by restraining the phosphoinositide 3-kinase/
AKT pathway [J]. Proc Natl Acad Sci US4, 1999, 96: 4240-4245
Hansson M, Vener AV. Identification of three previously unknown in vivo
protein phosphorylation sites in thylakoid membranes of Arabidopsis
thaliana [J]. Mol Cell Proteomics, 2003, 2 (8): 550-559
XNVE, (B, RTETE, W WA, BhZ, XIEL BBk (Saccharomyces
cerevisiae) T [ i SCHOWL I P58 2 16 8 42 p 381 7 27 [J1. 1911 K
AR (AR BR2ERR), 2010, 47 (1): 185-191 [Liu J, Lii L, Zhu DY, Miao
M, Cao HP, Zhong Y, Liu K. Yeast (Saccharomyces cerevisiae) protein
kinase SCH9 activation loop phophorylation regulate stress response [J].
J Sichuan University Nat Sci Ed, 2010, 47 (1): 185-191]
Cristofano AD, Pesce B, Cordon-Cardo C, Pandolfi PP. Pten is essential
for embryonic development and tumour suppression [J]. Nat Genet, 1998,
19: 348-355
Comer FI, Parent CA. PI 3-kinases and PTEN: how opposites chemo
attract [J]. Cell, 2002, 109: 541-544
Noble MEM, Endicott JA, Johnson LN. Protein Kinase Inhibitors:
Insights into Drug Design from Structure [J]. Science, 2004, 303: 1800-
1805
Leevers SJ, Vanhaesebroeck B, Waterfield MD. Signalling through
phosphoinositide3-kinases: the lipidstakecentre stage [J]. Curr Opin
Cell Biol, 1999, 11: 219-225
Liu QR, Sasaki T, Kozieradzki I, Wakeham A, Itie A, Dumont DJ,
Penninger JM. SHIP is a negative regulator of growth factor receptor-
mediated PKB/Akt activation and myeloid cell survival [J]. Genes Dev,
1999, 13: 786-791
Sattler M, Verma S, Pride YB, Salgia R, Rohrschneider LR, Griffin JD.
SHIP1, an SH2 domain containing polyinositol-5-phosphatase, regulates
migration through two critical tyrosine residues and forms a novel
signaling complex with DOK1 and CRKL [J]. J Biol Chem, 2001, 276:
2451-2458
Backers K, Blero D, Paternotte N, Zhang J, Erneux C. The termination
of PI3K signalling by SHIP1 and SHIP2 inositol 5-phosphatases [J]. Adv
Enzyme Regul, 2003, 43: 15-28



