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The role of Casein kinase 2 during early embryonic development

of the silkworm, Bombyx mori.
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3. WD L
(1) Animals

The silkworm B. mori used in this study
were a pure strain, called Daizo
(Matsumura), which was maintained at the
National Institute of Agrobiological
Sciences. Diapause eggs were obtained
from female moths, which had been
programmed to lay diapause eggs. The eggs
laid within 3 hr were pooled, and kept
under a long—-day condition (18L:6D) at
25°C  during embryonic  development.
Diapause eggs at 24 hours after
oviposition and 2nd instar larvae of a wild
type of 0. melanogaster (Canton-S) were
used for isolation of the total RNA.

(2) RNA extraction and RT-PCR

The total RNA was isolated from the
diapause eggs of B mori or the larvae of
D. melanogaster using the acid guanidium
thiocyanate—phenol-chloroform extraction
method (Chomczynski and Sacchi, Anal.
Biochem., 1987) and further purified by
ethanol precipitation. The RNA
concentrations were determined
spectrophotometrically.

Total RNA (3 mg) was reverse—transcribed
by Ready-To—-Go You-Prime First-Strand
Beads (Amersham Pharmacia Biotech, USA)
using an oligo dT primer. A PCR
experiment was performed using a 1 ml
aliquot of a first-stranded ¢DNA solution
as a template. PCR amplification was
processed through 30 cycles of 1 min at
94°C, 1 min at 55°C, and 1 min at 72°C.

(3) Protein expression in bacteria and gel
electrophoresis

The DNAs corresponding to the coding
regions of a— and b—subunits of B. mori CK2
(BmCK2 o and BmCK2 8) and b-subunits of 2.
melanogaster CK2 (DmCK2 B ) cDNAs were
amplified by PCR using mutagenic primers
for the Bamtll, Ndel, and Xhol sites. The

CK2 sequences of B mori and D
melanogaster  were available under
accession numbers AB206394 (BmCK2 « ),
AB206395 (BmCK2 8), M16535 (DmCK2 8 -VIIa)
and NM_206692 (DmCK2 B8 -VIIc). The

sequences of the PCR primers were: sense

of BmCK2 o
5" ~GGCACAGTCATATGGCAGTACCTAG-3’ , sense
of BmCK2 B
5" ~AAGCATATGAGTAGTTCGGAGGAGG-3’ , sense

of DmCK2 B -VIIa and DmCK2 B -VIIc:
5" ~ATCCATATGAGCAGCTCCGAGG-3’, antisense
of BmCK2 « : 5" — AATGCTCGAGTGATTACTCTGC-3
antisense of BmCK2b:
5 -TGTCTCGAGTCGGCGCGGCTGAGGCCTAACG-3’,
antisense of DmCK2 B -VIla:
5 =TACGGATCCTTATTAGTTTTTCGCTCG-3 and
antisense of DmCK2 B -VIIe: 5 -
TACGGATCCGCTTAGAGGCGCTTGGGC-3’ . The
amplified DNA was digested with the
restriction enzymes and ligated into the
Bamtll, Ndel, and Xhol sites of pET-14b
(Novagen) or pCold I (Takara) vector DNA.
The recombinant vectors were transformed
into Escherichia coli BL21 (DE3) pLysS.
Expression of the recombinant His-tag
BmCK2a, BmCK2 8, and DmCK2 B (designated
as rBmCK2a, rBmCK2 8, and rDmCK2 B) was
induced by adding
isopropyl-1-thio—A-D-galactopyranoside
(IPTG) at a final concentration of 1 mM,
and incubation proceeded for 24 h at 15°C.
rBmCK2 o was produced in a soluble form
present in the cytosol of bacteria cells.
On the other hand, rBmCK2 8 and rDmCK2 3
in an aggregated form were present in the
inclusion bodies. Solubilization of the
aggregated rBmCK2 B and rDmCK2 B was
performed with 6M guanidine hydrochloride,
and purification was conducted by a
His—Trap column chromatography (Amersham
Biosciences) following the
manufacturer’ s  instructions. The
renaturation of denatured rBmCK2 S was
carried out using a stepwise dialysis
system as described by Umetsu et al. (J.
Biol. Chem., 2003). The protein
concentration was measured with a Bio—Rad
protein assay kit (Bio—Rad Laboratories,
Tne., USA) using bovine serum albumin as
a standard protein. The solutions of
recombinant proteins were dissolved in an
SDS—polyacrylamide gel electrophoresis
(SDS-PAGE) sample buffer (Laemmli, MNature,
1970), heated in a boiling water, and then
separated by a SDS-PAGE.



(4) Assay of protein kinase activity and
analysis of autoradiogram

The reaction mixture (0.1 ml) contained
40 mM Tris-HCL (pH 7.6), 2 mMDTT, 3 mMMnCl,,
0.1 mM EDTA, 10 mg of a—casein (Sigma
Chemical Co., USA), 20 mM [ y —**P]GTP
(500cpm/pmol, Institute of Isotopes Co.,
Ltd., Hungary), and the indicated amount
of recombinant CK2 solutions. In order to
reconstitute the rBmCK2 o and rBmCK2 8 (or
rDmCK2 B) as a holoenzyme, both subunits
of same molar (0.4 pmol) ratio were
incubated with the reconstitution buffer
(25 mM Tris-HC1, 0.5 M NaCl, 5 mM DTT, pH
7.4) for 10 min at 30°C before the assay.
The reaction mixtures were incubated for
30 min at 30°C and then treated with a 1
vol. of a sample buffer for SDS-PAGE by
Laemmli (Nature, 1970). The mixture was
then heated in a boiling water for 5 min.
Aliquots (50 ml) of the mixture were
separated on a 15% SDS—polyacrylamide gel,
and the gel was stained, dried, and exposed
to X-ray film (Fuji Film, Japan).
Densitometric analysis of scanned
autoradiogram images was performed using
an Image—] program (ver. 1.34s, NIH, USA).

(5) TImmunohistochemistry

Non—diapause eggs collected at 12-60 hr
after oviposition were fixed with 4%
paraformaldehyde in 0.1 M cacodylate
buffer, pH 7.4, containing 0. 15 M NaCl, for
24 hr at room temperature. The chorion,
which surrounds the eggs, was removed
using needles in the fixative solution.
The eggs were dehydrated passing through
an ethanol-butanol series, embedded in
paraffin, and sectioned at 4 mm. Paraffin
was removed from the sections with xylene.
After treating with 0. 3% H,0, in methanol,
the sections were incubated with
anti-BmCK2 o or anti-BmCK2 B antisera (1:
100 dilution) for 30 min at 25°C, and then
incubated with goat anti-rabbit
peroxidase—cojugated immunoglobulin
(IgG) (Histofine Simple Stain MAX-PO,
Nichirei, Japan). The peroxidase
activity was visualized with
3, 3’ ~diaminobenzidine tetrahydrochloride
(DAB) solution (Simple Stain DAB Solution,
Nichirei), and the sections were stained
again with Carazzi’ s hematoxylin
solution.

4. WFIERRE

(D) ARIRIP & FERARIN & CIEMEAE D e 5
2 UNIEY) UAbEER O —FEEZ LTS L,
FNNIA THDCK2 THDHZ L HERE LT,

@QHAaH K2 Dot Bl Ta=y b
a— R+ 554E cDNA OHEECES LED
REEZBH ST LT,

) IR T-F A TOBB T DORBUR I % 5
A FRAT LAKIRIP & FEARIR I C O MEA &)
DOFENTIRG L~V TR <, 85 %OJHE
NHEHETHDLZ L2 RWEL, CK2 AFIHR
TRAICBWTHIET 5 % /N7 H OMiE
I HEHO T e T 4 X F—BTHDH D
EEH LM LT,

@ Varerr b K2a & CK2B 2> TiE
PERIE 29T > 7255 5, rCK2 o B CIEMEN &
D, rCK2 B 2L T HIGMEIZE LN Do
7= (Fig. 1, lanes 1,2), L2>L, rCK2 B 1&{E
L TRV YD EMAD EEENRER L
(Fig. 1, lane 6),

(B)C Ky OBEFI N R/ D avyay
NTHED rCK2 B (rDmCK2 B8) 2 &2 HWT
rBmCK2 o DIEMEICKT T DB LT~ T & =
A, CRUHERy OECHINE L 72 1% L, rBmCK2
a DIEENW DT 2FENPALNE R o7
(Fig. 1, lanes 6-8),

300
25

=
3

Phosphorylation (%)
5 &

o s
s 3

1 2 3 4 5 6 7 8
Lane number

Fig 1. Influence of rDMCK2p-VIla and rDmCK2p-Vilc
on rBmCK2a. activity (A) and densitometric analysis of a
scanned autoradiogram of A (B). Lane 1, rBmCK2a
alone; lane 2, rBmCK2a + rBmCK2p; lane 3, rBmCK2a
+ rDMCK2p-Vlla; lane 4, rBmCK2a + rDMCK2B-VlIc;
lane 5, BMCK2a + 1.0 mg Poly-Lys; lane 6, rBmCK2a
+ rBmCK2p + 1.0 mg Poly-Lys; lane 7, rBmCK2a +
rDmCK2B-Vlla + 1.0 mg Poly-Lys; and lane 8§,
rBmCK2a + rDmCK2B-Vllc + 1.0 mg Poly-Lys. The
arrow indicates the phosphorylated signals of o-casein
(approximately 33  kDa). Phosphorylation by
rBmCK2o alone is represented as 100%. The lane
numbers for B correspond to those for A.



6) 1A 2 HOKRIIFIZZ EIZEEN TN D
WETHDHYILE F—LE 3B FafxiF
X L= (3-0HK) 3 rBmCK2 DIEHEIZ ED X 5
WCETLONGT LIz A, YLE b
— VTR AR B 2 2o DKk LT,
3-0HK 1%, rBmCK2 o B ODIEMEIZ X L CHRE
MR & ZTIITEMALAl & LT, EREN
EWE S TIEEAE L Cide b < Bk
WER S 57z (Fig. 2B),

(A)  Bmckzers

Concentration of 3. hydroxykynurenine
b 310 30 100 3K LOOK 3000 (P

(kDay
45-

31 - - -—

(B)  Bmck2a

Concentration of 3-hydrosykynurenine
O 1 310 30 100 300 1000 3000 (uM)

{kDa) ..

45

" -

Fig. 2. Influence of 3-hydroxykynurenine on the
activities of rBmCK2a and rBmCK2p (A) and
rBmCK2a alone (B). The arrows indicate the
phosphorylated signals of a-casein (approximately 33
kDa).
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