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Expression, purification and characterization of catalytic
domain of protein kinase D1 in baculovirus-insect cell
expression system

Zhihong Li*?, and Qiming Jane Wang?
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Abstract: Protein kinase D (PKD) is a novel family of serine/threonine kinases and diacylglycerol (DAG) receptors and
has been documented in a variety of cellular processes. To get high purity catalytic domain of PKD1 (PKDI1-cat) for
crystallography study, the GST-tagged PKD1-cat gene was cloned into a baculovirus transfer vector pFastBacl (donor
plasmid). When the recombinant plasmid was transformed into DH10Bac competent Escherichia coli, which contains a
baculovirus shuttle vector (bacmid), transposition occurs to generate a recombinant bacmid containing the gene of interest
(GST-PKD1-cat). The recombinant bacmid DNA was transfected into Spodoptera frugiperda Sf9 insect cells to generate
recombinant baculovirus, which was then amplified through multiple rounds of infection in Sf9 cells. After that,
Trichoplusia ni insect cells in suspension culture were infected with baculoviral stock at a multiplicity of infection (MOI)
of 5 PFU/cell. SDS-PAGE and Western blotting analysis confirmed the detection of a 68 kDa protein by the glutathione
S-transferase (GST) monoclonal antibody. The recombination protein was purified by Glutathione sepharose affinity
chromatography and cleaved by PreScission Protease to remove GST tag, and a highly pure 42 kDa protein which was
consistent with the molecular weight of the expected PKD1-cat protein was detected on SDS-PAGE. The activity of
purified PKD1-cat protein was determined by in vitro PKD kinase assay. Our data showed that the kinase activity increased
with the concentration of purified PKD1-cat protein. These results showed that the truncated recombinant PKD1-cat protein
was highly active and pure, and could potentially be used for solving 3D structure of this protein by Nuclear Magnetic
Resonance (NMR) or crystallography.

Keywords: protein kinase D, catalytic domain, insect cell, baculovirus expression system, protein expression, purification
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PKD
PKD

PKDI1

(PKD1-cat) PKD1-cat

1 MHEE7T*®

1.1 ##

1.11

Escherichia coli DH10Bac

pFastBacl Invitrogen
Spodoptera frugiperda Sf9

ATCC

Allele

Trichoplusia ni
pGEX6p-PKD1-cat

1.1.2

pfx DNA
DNA EcoR I Spel
BioLabs

Roche

Cellfectin II
n-Octyl-B-D-Glucopyranoside (OG)

Invitrogen T4

(Protease Inhibitor)
PreScission Protease GE

Invitrogen
Anatrace
(Glutathione Sepharose)

GE GST Santa Cruz

x1 XHATHRISIY

Table 1 Primers used in this study

IgG-HRP Bio-Rad ECL
Thermo
Bio-Rad Sf-900 11 SFM
Gibco HyClone SFX-Insect
Thermo Invitrogen
[y-*P]ATP Perkin Elmer Life Sciences
Histone Deacetylase 5 (HDACS)  Biobasic
Canada Inc
12 FH&E
121 GST-PKD1l-cat PCR
pGEX6p-PKD1-
cat GST-EcoR [ -F
PKD1-Spe [ -R ( 1
Invitrogen ) GST-PKD1-cat
PCR 94 C 5 min 94 C
15s 68°C 3min 1
30 68 C 10 min
1.0%
1.2.2 pFastBac-GST-PKD1-cat
PCR EcoR1  Spel
pFastBacl E. coli XL-1
Blue EcoR [
Spe I Invitrogen

pFastBac-GST-PKD1-cat -20C

Primer name

Primer sequence (5'-3")

Restriction enzyme

GST-EcoR [-F GATCGAGAATTCATGTCCCCTATACTAGGTTATTG EcoR |

PKD1-Spe [-R GATCGAACTAGTTCAGAGGATGCTGACACGCTCACCGAGGGC Spe [
TTT

M13-F GTTTTCCCAGTCACGAC

M13-R CAGGAAACAGCTATGAC

The underlined sequences indicate restriction enzyme site.
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1.2.3 Bacmid
Invitrogen Bac-to-Bac” Baculovirus
Expression System

pFastBac-GST-PKD1-cat

Bacmid DH10Bac
Bacmid DNA M13 (M13-F)
(M13-R) ( 1) PCR  Bacmid DNA

PCR
2300 bp
1.2.4 Sf9
Sf9 S£-900 II SFM (
10 ) 27 °C
Bacmid DNA  CellfectinII
S19
Invitrogen Cellfectin II
P1
Pl 1:10 Sf9
27 C 48-72 h
P2 (

Bac-to-Bac® Baculovirus Expression System
)

125 Western blotting

GST-PKD1-cat

S9 1 200 r/min
5 min (PBS
1% OG) 30 min
12 000 1/min 25 min

SDS-PAGE 5 min
SDS-PAGE SDS-PAGE

http://journals.im.ac.cn/cjben

5 GST
TBST HRP
IeG ECL
1.26 Tni
500 mL (
200 mL) T.ni
HyClone SFX-Insect (
) 27 °C 95 r/min
0.5x10°2x10°  /mL 2x10°  /mL
15 cm
70%—-80% (10 min)
(MOI) 5 pfu/cell P2
27 C
1.2.7 PKD1-cat SDS-PAGE
72 h

1 200 r/min 5 min
30 min 12 000 r/min
25 min Glutathione Sepharose Beads
4 °C 1 h 500xg 5 min Beads
PBS  Beads Beads
(20 mmol/L Tris pH 7.0 150 mmol/L

NaCl 1 mmol/L DTT 0.5 mmol/L EDTA 1% OG)

PreScission Protease 4 ‘C 10 000xg
5 min
SDS-PAGE Bio-Rad

4°C
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128 PKD1-cat Whatman P81
Histone Deacetylase 5 (HDACS)
[y-*P]ATP 0.5% 3 5 min
[19] 1.2 pmol/L y-3?p 10 mL
HDAC-5 1 pCi [y-’P]ATP Beckman LS6500
PKD1-cat 50 mmol/L Tris-HCI (pH 7.5) (cpm)
4 mmol/L MgCl, 10 mmol/L B- (pmol/min) 3
30 C 10 min 25 uL
W H
M (pmol /min)= 5uLy-* PJATP (cpr(’nc)pm) N x;ﬁ; *”EL“L_;
ATP (pmol) > W] (min)
= 10 min
50 uL 25 uL
pFastBacl
2 %%Eﬁ*ﬁ EcoR I Spe |
21 EWEE PCR=YMEARKILR 2 I pFastBacl
pGEX6p-PKD1-cat PCR 1 1 800 bp
GST-PKDI-cat GST-PKD1-cat ( 1B)
1 500-2 000 bp
(1800 Dbp) (
1A) PCR EcoR T Spel pFastBac-GST-PKD1-cat
A B
bp M 1 bp
3000 3 000 pFastBacl
% (5)88 GST-PKDI-cat % (5)88 <«—GST-PKDI1-cat

Bl 1 GST-PKDl-cat B PCR F=H¥I£E (A) FIEHKRMMEBILEE (B)

Fig. 1

Identification of PCR product of GST-PKDI1-cat (A) and recombinant plasmid by enzyme digestion (B).

(A) M: DNA marker; 1: PCR product. (B) M: DNA marker; 1: recombinant plasmid digestion by EcoR I and Spe I.
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2.2 EH Bacmid L E
pFastBac-GST-PKD1-cat

Bacmid DH10Bac
Bacmid DNA M13 PCR
4100 bp
( 2 ( 2300 bp
1 800 bp)
Bacmid Bacmid

2.3 Western blotting # Il &£ A & H
GST-PKD1-cat B3 i%

Bacmid DNA Sf9
GST
Western blotting
68 kDa
( 3 GST-PKD1-cat
(GST
26 kDa PKDl-cat 42 kDa) GST-PKD1-cat

Sf9
2.4 GST-PKDI-cat B) K ERiA K PKD1-cat
Ry 4 1L

T. ni

2 =4 Bacmid By PCR ¥

Fig. 2 Identification of PCR product of recombinant
bacmid. M: DNA marker; 1: PCR product of
recombinant bacmid using primer M13.

http://journals.im.ac.cn/cjben

Glutathione Sepharose Beads PBS
PreScission Protease
GST SDS-PAGE
42 kDa
( 4 PKD1-cat
PKD]1-cat
Bio-Rad
PKD1-cat
1 000 mL
PKD1-cat 1 mg
kDa M 1
250 ——
150 —m=—
100 —s===
75—

s <— GST-PKDI-cat
50 — =

37T — —

25—

3  RIEFYIRY Western blotting %7

Fig. 3 Western blotting analysis of expression
product. M: protein marker; 1: lysate of Sf9 cells
infected with recombinant bacmid.

kDa M 1 2

250—
150—

100—
7519

50— -

37— ww <= PKDI1-cat

25—|-
20—.=

Bl 4 SDS-PAGE ##Téifb &R

Fig. 4 SDS-PAGE analysis of purified protein. M:
protein marker; 1: lysate of Sf9 cells infected with
recombinant baculovirus; 2: purified PKD1-cat.
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25 4h{kE R PKD1-cat B E A
HDAC-5 [y-*P]ATP

1.2 pmol/L HDAC-5 1 pCi [y-*P]ATP
PKDl-cat 30 C 10 min
(cpm)
(pmol/min) ( 2
PKDI1-cat
PKD1-cat

& 2 PKDI-cat BIfRSMNHBEFEEIE LR
Table 2 Result of in vitro kinase assay using
purified PKD1-cat
Concentration of  Radio activity  Kinase activity
PKD1-cat (ng) of y-**P (cpm) (pmol/min)

10 151 464 8.02
50 574 631 30.41
100 744 559 39.41
500 918 173 48.60
3 ik
PKD 1994 Valverde 2
PKC
(Protein kinase Cp PKCp)!"!
PKD (Kinase domain)
/ (Calcium/
calmodulin-dependent protein kinase, CAMK)
PKC
CAMK [22]
PKD
DAG DAG
[2,23] PKD
(110 kDa)

PKD1

(PKD1-cat)
/
[24]
S19
P2 P3
T.ni 500 mL
1 000 mL T.ni
2/5 27 °C 95 r/min
T.ni 21 h

0.5%x10%-2x10°
2x10°  /mL

15 cm

GST

/mL

T.ni

GST-PKD1-cat

Glutathione Sepharose

PreScission Protease

PKD1-cat

PKD1-cat

GST
SDS-PAGE
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