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요 약. 신경수초 염기성 단백질(MBP)에 대한 탈인산화의 자리 특이성에 대한 연구를 시험관에서 수행하 

였다. MBP에서 인산화된 자리를 알아내기 위해서 MBP를 단백질 키나제 C로 인산화 시키고 단백질 탈인산 

화 효소 PP2A로 탈인산화시 켰다. 인산화된 MBP는 트립신으로 잘라내어서 역상 HPLC 크로마토그래피로 펩 

티드 조각들을 분리하였다. 각 조각들을 섬광 계측한 후 일부 펩티드의 아미노산 서열을 결정하였다. 일곱 개 

의 방사능을 보이는 펩티드 조각이 검출되었으며 두번째 조각(Pz＞의 Ser5'에 해당하는 아미노산이 인산화 반응 

에 가장 큰 민감도를 보였다. 그러나 탈인산화는 다섯번째 조각(Ps)의 인산이 가장 잘 방출되는 것으로 나타났 

다. 이 결과는 MBP가 단백질 탈인산화 반응에 적절한 기질임을 보여주고 있다.

ABSTRACT. The site specificity of dephosphorylation of myelin basic protein(MBP) was studied in vitro. 
To assign amino acid site of dephosphorylation, MBP was phosphorylated by protein kinase C(PKC) and de
phosphorylated by protein phosphatase PP2A. The phosphorylated MBP was digested by trypsine and the dig
ested peptides were separated by a reverse phase HPLC chromatography. The radioactivity of each fraction was 
counted and partially sequenced. Seven radioactive peptides were observed and Ser55 in the second peak(P2) 
shows the best susceptibility for the phosphorylation. However in the dephosphorylation, the fifth peak(P5) ap
peared to release it's phosphate group mo아 rapidly. This result demonstrates that MBP is a suitable substrate for 
protein phosphatase. _______________________________________________________________

INTRODUCTION

Myelin basic protein(MBP) is one of the major 
proteins in the myelin sheath which accounts for 
approximately 30% of the myelin protein.1 The a- 

bility of this positively charged protein to organize 
phosphatidylglycerol bilayers into multilamellar 
structure of myelin2 or to aggregate vesicles con
taining acidic phospholipids3 suggests that MBP 

plays a structural role in either the development or 
maintenance of the myelin sheath. The protein 
shows molecular heterogeniety at alkaline owing 

to diffrence.in phosphorylation.4 According to in vi

tro and in 协o experiments, the higher phos
phorylated level of MBP, the lower lipid binding 
capacity exibits. This change in binding capacity 
could be due to alteration of protein charge and 
the three dimentional structure.5

It is interesting that MBP has phosphate ac
ceptable sites up to all Ser and Thr in the protein 
at varies condition.6 This dynamic phosphorylation 

would require simultaneously protein kinase and 
protein phosphatase in myelin. Endogeneous pro
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tein phosphatase in myelin was assayed since late 
1970's,7~9 but it is not characterized fully or sep- 

erated yet. Similarly endogeneous myelin kinase 
has not been purified, although the existence of 
protein kinase C(PKC) in myelin is revealed.10,11 

The site specificity for phosphorylation by PKC or 
cAMP dependent protein kinase(PKA) was ex
amined in vitro by several researchers.12,13

In spite of multiple presence of phosphorylation 
sites in MBP, there were limited experimental data 
on dephosphorylation of MBP as a substrate for 
protein phosphatase. One of known attempts was 
an assay of MBP dephosphorylation by unpurified 
endogeneous myelin phosphatase with MBP phos
phorylated by PKA.9 In this experiment, we wish 

to show a dephosphorylation site specificity of pu
rified cytosolic protein phosphatase type 2A to
ward phospho-MBP which is phosphorylated by 

PKC

' EXPERIMEMTAL

Materials. y-[32P] ATP was purchased from 

Amersharm International Co. TSK ODS-2 reverse 
phase column was obtained from Pharmacia and 
HPLC grade acetonitrile and methanol were pur
chased from Aldrich Co. TLCK treated trypsine, 
DEAE cellulose, phenyl sepharose, protamine agarose, 
poly-L-lysine agarose were purchased from Sigma. 
Wistar rats were supplied from Animal Bleeding 
Laboratory of Seoul Natidnal University. All other 
chemicals used in this study were analytical grade 
available commercially.

Seperation of myelin basic protein. MBP was 
purified from bovine brain according to the method 
of Eylar et al.u Freshly thawed 100 g of bovine 

brain was homogenized in Folch solution and 
separated into two layer for 3 hr in separatory fun
nel. Water layer was filtered on Whatman NO. 41 
and protein residue was extracted with HC1 solu
tion at p니 2. The solution was centrifuged 10,000 x 
g for 20 min, and the supernatant was neutralized 
with 15 N ammonia water to pH 5.5. The su
pernatant was precipitated with 50% ammonium 
sulfate and pellet was collected on Whatman NO. 1 
paper. The concentrated protein was precipitated 

with 90% acidified acetone and freeze dried. The a- 
cetone powder was loaded on CM cllulose column. 
The column was washed thoroughly with 50 mM 
ammonium acetate buffer and linear NaCl gradient 
from 0 M to 1 M was developed. MBP was eluted 
in the major peak and appeared as one major band 
(18.5 kd) in SDS-urea-PAGE. The purified MBP 
was dialyzed to distilled water and lyophilized.

Prepation of PKC. PKC was purified from rat 
brain cytosolic fraction according to the method of 
Roth et al)5 The purification step contains DEAE 

cellulose, phenyl sepharose CL-4B, and protamine 
agarose chromatography. The purified enzyme 
showed 80 kd single band on SDS-PAGE and the 
specific activity was 800 fold higher than brain 
homogenate. This enzyme was stored in aliquot 
and used satisfactorily for phosphorylating the iso
lated MBP.

Preparation of cytosolic protein phosphatase. 
Purification of PP2A was followed essentially the 
procedure of Zolinierowicz et al)6 Whole brain homo

genate of 30 Wistar rat was centrifuged 100,000 X 
g for 60 min and the supernatant was applied to a 
DEAE cellulose column. The active fractions were 
precipitated by ammonium sulfate at 30-50% solu
tion. The sample was successively separated on 
sephacryl S-300 gel filtration, TSK DEAE-5pw 
HPLC column, poly-L-lysin agarose, and TSK G 
3000sw HPLC gel filtration. The position of active 
peak was about 200 kd and it showed trimeric su
bunit structure in SDS-PAGE. The isolated en
zyme showed characteristics of 2A class of protein 
phosphatase.

The preparation of phosphorylated MBP. 
MBP was phosphorylated by PKC following stan
dard assay condition of PKC.15 Reaction mixture 

contained 20 mM Tris-HCl buffer(pH 7.5), 1 mg 
MBP, 1 卩g PKC, 10 jig phosphatidylserine, 2 gg 
diolein, 0.1 mM CaCl2, 10 mM MgCl2, and 0.15 
mM ATP(10 |iCi). The final volume was made to 
200 |1L and the mixture was incubated at 30 °C. 

The reaction was terminated by pouring directly 
into a c이umn of sephadex G-25. The eluted [32P] 

MBP was aliquoted and stored in freezer for later 

use.
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Dephosphorylation of MBP. The purified and 
radioactively labeled MBP was dephosphorylated 
by isolated cytosolic protein phosphatase(PP2A) 
until 30% of bound phosphate was released. The 
reaction mixture contained 10 mM Tris-HCl buffer 
pH 7.5, EDTA 1 mM, EGTA 1 mM(buffer A), hot 
MBP (10,000-50,000 cpm), 10 |1L PP2A enzyme 
in a final volume of 100 |1L. The reaction mixture 
was incubated 10 min at 30 °C and terminated sim

ply by sinking to an ice bath. The recovered pro
tein was used for peptide mapping.

Peptide mapping of MBP. Phospho-MBP was 
incubated with TLCK(chymotrypsin inhibitor) treat
ed trysin(50:1 ratio) over night in 20 mM am
monium bicarbonate buffer. Digested MBP pep
tides were separated by reverse phase chromato
graphy using TSK ODS-2 column. Peptides were 
injected in ammonium acetate 20 mM and 10 min 
later, linear acetonitrile gradient to 20% was de
veloped. Each fraction was counted and radioac- 、
tive fraction was analyzed in an Applied Biosys
tems model 473A sequencer.

RESULTS AND DISCUSSION

Peptide mapping of MBP. The peptide map
ping is an essential part in the site specificity study 
of dephosphorylation. Since the determination of 
phosphorylated and dephosphorylated sites could 
only be possible after exhaustive digestion of MBP 
into numerous peptides by a protease, the separa
tion of mixed peptides into single peptide is one of 
the most fundamental techniques in this experi
ment. In preliminary test several buffer solutions 
and gradient patterns were examined, and even
tually 0% acetonitrile in 10 mM ammonium ace
tate to 25% acetonitrile in same buffer gradient 
was selected. The resulting data showed more than 
25 peptide fragments in HPLC(Fzg. 1). This pat
tern of MBP peptides agreed reasonally with oth
ers allowing to estimate the sequences of isolated 

peptides.
Phosphorylation pattern of MBP by PKC. 

The trypsine digested 32P labeled MBP peptides 

separated by HPLC revealed about 7 radioactive 
peaks(Fzg. 2). The first peak(P0), found at void

0.3

Retention time (mm)

Fig. 1. Peptide mapping of MBP by reverse phase 
HPLC column of TSK ODS-2. MBP was digested by 
TLCK treated trypsine.
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Fig. 2. Pattern of in vitro phosphorylation of MBP by 
PKC. The phosphopeptides were separated on TSK ODS- 
2 column.

volume is confirmed as inorganic phosphate and 
the others were confirmed as phosphopeptides. 
The counts of bound phosphate in each peptide 
peak were summarized in Table 1. In order to de
termine the sequence of each peak, some selected 
peaks were partially sequenced and compared to 
that of published data.12,17,18 Among the 7 peaks, P2 

was turned out to be the mostly phosphorylated 
peptide with 42,200 cpm. The position of phos
phorylated site in P2 is corresponded to Ser55 ac

cording to the sequence data.
Dephosphorylation pattern of MBP. HPLC 

pattern of MBP peptides dephosphorylated by PP 
2A is presented in Fig. 3. This pattern was ob
tained after approximately 30% of originally la-

1997, Vol. 41, No. 4



208 金鎭漢•崔明彦

Table 1. Analysis of radioactive phosphopeptides obtain
ed in phosphorylation and dephosphorylation of MBP

Peptide Bound cpm Released cpm % Released

Pi 10,422 2,346 23
P2 42,206 8,643 20
P3 6,462 2,397 37
P4 3,426 1,169 34
P5 2,601 1,871 72
P6 653 316 48
P7 1,716 651 38

Estimated sequence: Pb Sern-Lys; P2, Arg-GIy-Ser55- 
Gly-Lys; P3, Arg-Pro-Ser8-Gln-Arg; P5, Phe-Phe-Gly- 
Ser46-Asp-Arg; P7, Asp-Thr34-Gly-Ile-Lue-Asp-Ser39~Leu- 
Gly-Arg.
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Fig. 3. Pattern of in vitro dephosphorylation of MBP by 
cytosolic protein phosphate PP2A.

beled phosphate was released from substrate MBP. 
The actual released counts were also summarized 
in Table 1. Although the P2 released the largest 
amount of phosphate by PP2A, the highest relative 
dephosphorylation ratio (released Pj/bound R) of 
72% was observed in P5. On the contrary the ratio 
of P2 was merely 20% and this is the lowest one 
in the Table 1. These results suggest that phos
phate in P5 was preferentially dephosphorylated by 
PP2A. However there are some drawbacks to 
reach firm conclusion from these results. Since 
each phosphate site has different susceptibility for 
phosphorylation by PKC, the radioactive phospho
sites in MBP are not uniformly labeled. Therefore 
the amount of released radioactive phosphate in 
unit time could not be corelated simply to the reac

tivity of that site toward the PP2A. In this respect 
it is desirable to take time-course of dephosphoryla
tion to obtain the reaction rates of interesting sites 
to compare each other.

Advantage of MBP as a substrate for de
phosphorylation. In the view of substrate model, 
MBP is very useful for the dephosphorylation 
study. First, it has a large number of phosphoryla
tion sites in MBP. Second, the phosphorylation can 
be manupulated for their sites by employing vari
ous protein kinases. Third, there are good amounts 
of information on the sequence as well as phy
siological role of MBP. In addition the purification 
of MBP is relatively simple and can be obtained in 
a large quantity. We carried out another experi
ment to examine the site specificity of dephos
phorylation of MBP by protein phosphatase 2C.19
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