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Abstract

Dual-specificity protein phosphatases (DUSPs) constitutes a family of
protein phosphatase characterized by the ability to dephosphorylate
phospho-tyrosyl and phospho-seryl/threonyl residues. Most of DUSPs are
involved in regulation of cell survival and differentiation. The full-length
Vaccinia Hl-related phosphase (VHR) gene was amplified by PCR using
the human ¢DNA. The amplified PCR product was subcloned into the Ndel
- BamHI site of the pET28a(+) vector. BL21(DE3) E. coli cells harboring
the VHR gene were grown at 18C, and the protein expression was
induced with O.1mM IPTG for 16 hour. The His-tagged VHR protein was
purified by nickel-affinity chromatography. The inhibitory effects of the
82 plant extracts on the VHR activity were measured using the
p-nitrophenylphosphate (p-NPP) as a substrate. Empetrum nigrum L. var.
japonicum K. Koch, Geranium nepalense subsp. thunbergii, Halorrhagis
micrantha R. Br, Oenothera biennis L., and stems of Platycarya
strobilacea Siebold et Zuccarini has strong inhibitory effects on the VHR
activity.

The serum-starved 293T cells were incubated with the plant extracts
(0.02mg/ml) such as FEmpetrum nigrum L. var. japonicum K. Koch,
Geranium nepalense subsp. thunbergii, Halorrhagis micrantha R. Br.,
Oenothera biennis L, and Oenothera biennis L. for 1 hour and treated with
the epidermal growth factor (EGF).The cell lyastes were prepared, and
the levels of phosphorylated ERKs were determined by Western blotting

using antibodies against phospho-p42/p44 ERK and p42/p44 ERK.

Halorrhagis micrantha R. Br showed little increase in the phosphorylation
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of ERK in 293T cells, whereas Empetrum nigrum L. var. japonicum K.
Koch, Geranium nepalense subsp. thunbergii, Platycarya strobilacea
Siebold et Zuccarini, and Oenothera biennis 1. enhanced the
phosphorylation of ERKs at 5 minute. Among the extracts tested,
Platycarya strobilacea Siebold et Zuccarini showed the strongest
accumulation of the phosphorylated ERKs at 5 minute, and a strong band
of the phospho-p42/p44 ERK was detected after 1 hour, compared to
those of the control and the other extracts. Although the extract of
Platycarya strobilacea Siebold et Zuccarini has been used for various
medicinal purposes, the inhibitory effect on phosphatase has not yet been
reported. Our results demonstrate that No.56 is a potent candidate for the
development of a VHR inhibitor.

Next, a human dual-specificity protein phosphatase, DUSP28, was
isolated from a human kidney cDNA. The recombinant protein was
successfully produced in E. coli and showed a sufficient phosphatase
activity toward DIFMUP (6,8-difluoro-4-methylumbelliferyl phosphate).
Various phosphatase inhibitors and divalent metals were tested for their
effects on the DUSP28 phosphatase activity. As results, Zn°" was found
to strongly inhibit DUSP28 phosphatase activity, suggesting DUSP28 is
involved Zn-related signal transduction pathway. Furthermore, the
DUSP28 protein preferred phospho-tyrosyl residues to phosphor-threonyl

residues, implying its physiological roles in cellular process.
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A1 HEFESE4 93 VHRY 4 A3 ad

1. Introduction

Dual specificity protein phosphatase (DUSP)+= Protein Tyrosine

Phosphatase Superfamily®l] &3+ & <l4kst @42 A, tyrosine F7|o] B

2

J{m

U471 EE serine/threonine ZH7]e Zoid & A E & AAbslsie
S 743 9] dual specificity#h= ol52 7HAAl =HAtHAlonso et al,.
2004]. DUSPE09°] #8353} 7|2 = mitogen—activated protein kinase(MAPK)
7b EAEk=H ©o] MAPKES 2E#d &Y 328 59 A=E Wol AARIAE
= GAAA FAAY BHHE FEete dEE doh[Denu et al, 1995;
Alonso et al, 2001]. ¥r3*Ql MAPK+ ERK  (Extracellular
signal-regulated kinases), JNK (c-Jun N-terminal kinases), p38°] =3It}
InkA o 2 ERK cascaded] €A3l= AxX T4, 28 = AX7t 2EHAE
HolS Al AEH S o= #olE 3hal, INK, p38 cascaded 43+
2 AZzAPEe A9 E nar 4 A 9tk o= DUSP=¥ MAPK=9| 44
ol 9ste] MEANSHDAAZE 2] gt AE W o] dojdria
B3 ¥t} [Marshall et al,. 1995]. Vaccinia Hl-related phosphase (VHR)
+ DUSP9| 3 F7F=A drHt4dQl DUSPEH+= o274 24 catalytic domain
(DUSP domain)< 7Fx 22 A7]¢ @A o]t [Denu et al, 1995; Alonso
et al, 2001]. 7]'s4 o2 B3-S o VHRS ERK1/2, INKS] 14715 wolu]
ol 843t A7lE 9% 7HAL Atk ERK1/29) Aol EGFel| 23 <14k
37 5 Qhell 18 = A)gk VHRe| o] 20% B=7F v & QIAkste AH

.|_4

o

2 HAste] B34S =t At A3t Ut [Todd et al, 1999]. ze8]ar A
HAoF AFEo|A VHRE ¥ HHelo] A wHQlon 3 ey VHRo| JNKe &

S Al AXAIE S AHA It Ba7F Y [Arnoldussen et al,
2008]. o]&fgt Ha7} % VHRE Aol <3t s MAPKES &4 A3
T ot Awol dlo] H 4 Qla, ME A AgAAe] EA4FES 4o 7

/ol Atk wEkA 2 A= VHRE A4S Adgdor Adsts HA =4

-
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2. Materials and Methods

2-1. Plant extract

WEreo] Wol &% ¥ 4t ¥Hsa BANEE £URYh A% B &
$EL $A/EUNN ATZ 98 B} ALgI AT

2-2. Vector construction and

VHR f#2= PCR 7S ©]&, human cDNACA TEAZ . T3 H PCR
AHE2 pET28a(+) vectorSto] E£Ast= Ndel-BamHI 91Xl cloning 31t}
o] 2312 VHR ©##eo] N-Zto] His-Tage] #1354 ¥t} pET 28a-VHR
& BL21 (DEJE. colfll 2 A&st3lan 0.1mM IPTGE 3718t 18TelA

16417kt g d S Frait;,. duAdd S §FE9 oigae 94 &

il

g3l F=&sa, 50mM  Tris (pH7.5), 200mM NaCl, 0.5mM PMSF
(Phenylmethylsulfonyl fluoride), 0.04% 2-mercaptoethanol (v/v)o] o]+
AFg Mo A HE 3 F 253 BHYE SN 229 I AEE H

N Rl gFome olg, wwa gAE FAsAd. 9w gAs
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Aol B3 & thrombing *2]8te] His-tag®t VHR ©¥ &S 25t 9]
< w3 F2vETYIE o] §3te] VHR @ Ars A AT

2—-3. Phosphatase actvity assay

g Qlstasel #4S SAsIflEl = AR&E= pmnitrophenyl
phosphateE 7|d =& A}&3le] 3 tHDenu et al, 1995]. 100uldtel
40mM Tris-Cl (pH6.0), 150m NaCl, 2mM EDTA, 0.1mM p-nitrophenyl
phosphate”} Eo17HA WHE%3, @45 FH7Fste] 30TCAA 1023 HE& A

A 2N NaOH 100ulE #7Fste] whsS T8 A7 3 405nmolA S3=E5
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2-4. Western blotting
293T MEXE dHo] gl HFH=E wsEo & F 18AIFte] AU AEFEE
0.02mg/mlS 1A 7Hs< A g3 a1, EG

F
)& Aol BRKY Qbehe f=shach

L,

Lysis bufferg ©]-&3}9] lysateE w51 AR = A
western  blottingS 33}t Western blotting2 p42/p44 ERK,

phospho-p42/p44 ERK antibodyZE A}g3lo] ERKY A A EE ghelstgich
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3. Results and Discussion

3-1. Expression and purification of VHR
VHR +3d A= PCR 7|H<& ©]€, human cDNAoSA FZA|71 & p
vectore]l E24 3&th. BL21 (DE3)E. colidl 4 A&sld i 0.1mM IPTG

2 Arketel 18°CoIA 16A75eE Bl WS Fuskarh o ¥ xgd ¥

=

O

HE AAste ASATES o]& oA
His—tag¥ %13}#Ho] =& NickelS ©
AL&-3Fe] 435Sl thrombing A7 3}o] His-tag?} VHR ©wWAS

i /|
2y skt By AAE wwA S SDS-PAGERZ gHelstgth (13 1).

231 Nickel-affinity chromatography=

rﬂ o
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Fig. 1 Expression and purification of VHR. VHR was expressed in BLZ21
(DE3) E. coli and purified by chromatography. The purified protein (2ug)
was analyzed by SDS-PAGE. Positions of the molecular mass markers

(kDa) are shown on the left.
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3-2. Phosphatase activity assay

VHR®| &g o]

p-NPP (p-nitrophenyl phosphate)A}

7144l

e =aL, o

p-Nirtophenol<

[e)
=TS Y

Alr

w] 405nmol] A

o7t A&, 70%W e VHR

=5
=3

A= 70%H TS G471

=
=

o FHE 2

™

]

o} 714

=
=

7}

4

]

btk

5]

| =5 %= A

ks

1adt 93

9]

VHRZ/ A

}oitt (Table 1). 52

S

—_

o
3L,

g

Ang

;:51_

of o

Fa8

20714

2 4= 9JAt} (Table 1). ©]

aE

3

= A9 90%7F 9= A

A FE= A

It 7hs

[e]
AN

o] 57}4 A& FZEZo| VHR @49 A7t 2 &
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No Bample name Partused Inhibition{%)
1 Fanhoxplum planispimum 5, et Z TRdkE Leawes 54+51
3 Crxo i asra fe o var: fapeoare mm Baler 2Fe Leares 1+46
4 Vise um alfum var cefora fmi{Eom ) Ohed HEHO Aerial Part 092
16 Viburn um awabur K, EOCH OHEHLER Shem 41£34
20 L eonurns sibiTe s, Yo E FRoot: 34+72
24 Forfulaca afaraceal HEE Aerial Part 43+55
25 Vinls Jlfasdsfwrea WhBecker HHlE Aerial Part 27£29
28 Eoypefrum afgrum], var, fapoare mmE, Foch A|20| Aerial Part 92475
a0 Geraarum nepalesse suhsp thunhergil CIEE Aerial Part 89491
i Teralis fapoarea(Houtbwm ) DC S22 Root 1£77
33 Ligutarsa AzederriLedeh,) Torez, =5 Aerial Part 61138
40 Halorahagrs mreranfha B Br. 7HOIE Aerial Part 94+ 36
51 Caesalpira fapoarea Biebold, et Zuccarind HHILR Stem 48+75
52 Calyrfagra saldasalls Roem, et Schult Aoz Aerial Part IM£32
56 Flsfrearys sbobdacea Sebold ef Zucoarind SOLR Bhem 95441
58 Arcerus calamus Linne var, angusfa fags MAE Foot: 35487
63 Ceapfiars dlasais L =HE Aerial Part 95+ 38
72 Zingrbar froga | Thunh,) Roscoe i Root TELET
i Angelica japearea A Gray AL Aerial Part 46186
a1 Gletara Iifforalis Fr, Schm AYE Root 39445

Table 1. Phosphatase activity assay

_10_
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3-3. Effects of plant extracts on ERK

VHR @46l 2 As) &3 1l 5714 AB32ZR0] AE el % & gl
sase 4 A 5= 2AE7] 98, VHRe 7122 deld 9= ERKe}
FEErY HAE otrr] 93 AAS AT LT 293T AxE &
ol fl= WA= Zolgo] dAH oyt vt QlAtEol o7 o] Q14kE It
A A FAT 18A17e] At § H=FEE 0.02mg/mls 1AIZHs?t A
gate] Ao FEEo] & E¢HA ¥ ¥, EGF (epidermal growth fcator)&
AE R (5, 608)A g8kl ERKe] QI4tstE FR=d3lth EGFA & 29 Al

8+ Lysis buffers o] 83} lysateE el AR & AF=dS o] &3]

i
\0

western  blottingg 339 t}.  Western blottinge p42/p44  ERK,
phospho-p42/p44 ERK antibodyES AM&3}e] ERKS] WA Lo} QA ==
gletaitt.

Western blotting 232 EE laneolA ERK?] 2dS 3ol &

70% WEES A 2, 3, 49 laneS H S W ERKS 147} Sitel]l dof
WT7E 6070] Al Foll= = QIS Ao m FHolEE A o e

9. 7 7o) 222 ALHE 25 dxad vlEs B Al 4

g b A9k 53 56 (FUUT) 228 FPt 60%e] Ay FolE @
o o] Qg A ERK/F 24 3= AL

fillo
o
e
ok
4
N
30,
32
=
o,
rlr
i
&
9
e o

Z==°| ERKE & QI4hs} st a4 A4S AP oul= 2o

_11_
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Blot : phospho-p42/p44 ERK

e

Blot : p42/p44 ERK

S 2 31 = . : ==
EGF(20ng/ml) : - - 5 60 - 5 60 - 5 60 - 5 60
Extract Number : - Me 28(Al20)) 300(0|E!'=) 40(7Ho|EH

Blot : phospho-p42,p44 ERK

e

Blot : p42,p44 ERK

EGF(20ng/ml) : - - 560 - 5 60 - 5 &0
Extact Number : - Me 56(SW|LIF) 63I(SHH012)

Fig. 2 Effects of plant extracts on ERK. Serum-starved 293T cells were
incubated with 0.02mg/ml plant extracts for 1h at 37C and stimulated
with EGF for the indicated times (min). Me: Methanol. Cell lysates were
analyzed with antibodies against the phospho-p42/p44 ERK and p42/p44
ERK.

_12_
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4. CONCLUSION

el VHRS]

3|

s
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H
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}>] phosphatase activity

1, p-NPPE 7|d=Z A}835
o] VHRE &AS 70%°]% A

SEEEEEIEE

uArO
o

3)

ERK<}

o] =
=

T7F 93l VHRE 8 targete= <A

foiz
=

ol
=

3}
ol

)
e

1
s

—
file)

 western blotting=

3

_?4
), 56 (FI ), 63 (

ST
=

28 (AM=m), 30 (o]&

file}
wjr

B

—~
file)

o
o

st

A A

o] Age AREH

i o
TS

7}

0] =
A

PN
2

i A 7}

] &%) VHR &€4¢ A3

o

]Y

o

3}
ol

oj

7

B

il gt K3

=°] oy

3%

o14

t} [Choi et al, 2003].

A2

ARk, o W

tel 56 (23uF) F==°l4 VHRE

63{3

AT7E &

KeR
-

LSS
o

ok
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PART II. DUSP282] &4 &4

1. Introduction

Dual specificity protein phosphatase (DSPs)E< tyrosine?} threonine %t
7 Eofdes AIE & U "ojd ¢ e ¥ dstase] v8e THAaL
UTH [Alonso et al,. 2004]. o]&gt sHo= dWMAd=o] QASHEE =43t
of Al oA dojube ket Al deA|Alel o Az AL, 4, st
o HH=s
et al,. 1996]. @A7HA] 24719 human DUSPEo°| W= 8RAY 12423
! Genbanko| &=0] Holl=H|, S5 %= DUSPEL A F 74 1%

o2 vd £ ok A WA IFS d¥HA DUSP aFeEA. ol

rUO

catalytic domain (DUSP domain)¥} 7]& <l MAPK$F A%S & 4 A 35
i MAPK binding doamins 7} #x2 ot} [Farooq et al,. 2004]. F+
A 252 AP DUSPEHE th27 4 catalytic domain ¥H& 7HAaL
(e TEE Hojle] @A Eapgko] 2 Aol SAo|tt. o]]g o] #HZ <
DUSPe| ddelgtar & 4 U= Aol vt= VHR (DUSP3)o|H o] whuld

—_—

MAP kinase signaling pathwayg Zd3l= Zld #H=#o] vt &84 Ut
[Todd et al,. 1999]. =& human DUSPE 138 HCxxGxxR motifE& 7}
a1 g)=dl, DUSP282 a1+38F motifell <=A]3k= histidine®] tyrosine .= v}
ol FEE Wi glvh. VHR (DUSP3)9 4ol

Il
histidineo] A9l A3l cysteine ZA71eF F=A2ATHS Al A= A

N
o
fljo

= shtfar A A ot [Yuvaniyama et al,. 1996]. 2|3l histidine©]
UE opeito®m ASE S Al Koo gho] 1084 ZHadtes 2S5 5 Uk
o]# % histidine®} X590 &A6}= cysteine 7+ FA2AGTS LS
kel A cysteineo] Atz © AXE 7|8 ol T3 A thar
T A [Kim et al,. 2001]. #Ho ©]Fo]% gene expression profile 1
ol DUSP28¢] wrao] W MEWAM Tas= Ao= Yebtar, AARIARS]
CHF1¢} Hey2ell ©lste] @43 ¥+ AL HAFAY [Arimura et al,. 2010;
Yu et al. 2010]. o3 Adapso] IR ob#) DUSP289] aadd+t 7]

o

ftlo

r i
oX

m 2o

_14_
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DUSP28°] 545 wAshs 9= skt
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2. Materials and Methods

2-1. Cloning, Expression and Purification of DUSP28

DUSP28 %A= human kidney cDNAY|A PCR7IWH-E& AR&3sto] SHAIZ
th. F%¥ PCR A= pET28a(+) WEtel] EA|sk= Ndel-BamHI A9l
cloning &t¢ith. o] A3tz DSUP28 Aol N-wehel| His-Tage] EA|st7
Hok. DUSP28 c¢103s (dead mutation)< PCR 7|H<& o]&3F site direct
mutations F3F] THEAT.  pET 28a-DUSP28, DUSP28 ¢103s °]
vectorE BL21 (DE3) E. coli®l 2 A5 0.1mM [PTGE #H7Fshe] 1
8TAA 16AIFEs @i s Feogivt, dilAdld s et g
A4 Bgste] 428619 a2, 50mM Tris (pH7.5), 200mM NaCl, 0.5mM PMSF,
0.04% 2-mercaptoethanol (v/v)e] £+ dF&Hq A I8 & + =
HHE Fdsilon 259 B3 A5 44 Fste] ASARtE o]&38td
wald  AAE FPsidid. @wE AA= His-taget 3tHo] &

Nikel-affinity chromatography& ©]-&3}%t}.

2-2. Phosphatase assay

DUSP28 wwide] & <likst gimAel FAS A5y Skl 7|E=
DiIFMUP  (6,8-difluoro—4-methylumbelliferyl phosphate, Molecular probe
D6567)8 AH&3FATh AAG DUSP28 ©lAL $E™ME 5 yme| DIFMUP
25TCoA 303t 95 AJZTh 1 $of sodium vanadate (final concentration

2 m\DE A7hstel wge F4 A2, FYL SAsel & AuE AEE v

S
ol
32
al
o
ol

e+ Wallac Victor2 1420 multi label counter (PerkinElmer
Wellesley, MA)E o] &3} S48t
Ao pHE &Qlstr] flall vt =49 pHe| 4580 7HAal 3353
t} (20mM sodium citrate pH4.5, sodium citrate pH5.0, Bis—Tris pH5.5,
MES pH6.0, MES pH6.5, Hepes-NaOH pH7.0, Hepes-NaOH pH7.5,
Tris-HCI pH8.0, Tris—HCl pHS8.5, BICIN pH9.0).

e Qlibstaa AsjAlel DUSP28 @] fAE W7 fsiA 5.4 uM

_16_
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DUSP28E DiFMUPS HH&AIZ1 23 1mM sodium orthovanadate, PMD
(pentamidine), NaF% $HA ¥b-& Al7l Aol S3F % #ol& o] &35}t
F&0]23 DUSP28 &X47ke] #AE H7|98te] 1mM ZH2Fe] 50|25 3

7Fste] Whg AlZATh

-0,
>
ol
ulf
rlo
of
offl
re
-
it
™
ot
o
ot
Hl
oZ
of,
of
1%
re
-
DX
2
>,
S
Ogl_l',
ol
32
.‘E

2-3. Substrate specificity phosphatase assay

g Qs a A Td Bl #AS sty #sl Sol7b7lell kA ser/thr
phosphopeptide+= 1.33ml, Tyr  Phosphopeptide-1-=  895ul, Tyr
Phosphopeptide-2+=  753ul2¢]  phosphate free waterd]l o4 1mM
phospphopeptideE A %3} t}h. Phosphopeptide 5ul (final concentration
100uM)2} 100mM Hepes (pH 6.0) 10ul (final con 20mM)E Yo & A& o}
& 37CelA 33t Wh-&3th. Phosphatases &%= W= %Y1l phosphate free

waters F7Fsto] FF& 50ul B SFolFelt. 37Tl 4583t Fol Fo

2-4. In vitro dephosphorylation of MAPKs by recombinant DUSP28
S=AlREAA DUSP28 A EdAI7]17] $ls DUSP28+7d & PCR 7™
< AH&ste] pET-28a-DUSP2804 THsl3ith. & %% PCR tt&< pcDNA]
Nhel-XholAFolol Fojdo] pcDNA-DUSP28E THESlew, DUSP28 c103s%®
2 W o2 pcDNA-DUSP28 c103sE Al=F38l3ith.

293T Aol pcDNA-HA-JNK, pcDNA-HA-p38, pcDNA-Flag-DUSP28,
pcDNA-Flag-DUSP28 c103s& 6ug & Al A J243S AFATh

PA g F 18A17Fe] Ay DMEM-BSA #x|2 Zo} F0 dHo] Qe A
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B & wrE9rh. el Abgol A 18417Fo] AW & EGFY anisomysing A 28k
ERK, JNK, p38¢] <SlitslE f% 3&lslch
buffered saline, GIBCO)E AMIZES 3HH

ice-cold PBS (phosphate

[e)

3 lysis buffers A 7}éhe]
lysates W JA S & AT A0S o] W

estern blottings 33}

Qg 9otelgltt. Western blottings &3l dxtd oz whald vt Ql4ks)
7} 3elwl A8+ HA-probe (agarose conjugated)S AR&3F HIR7
(Immunoprecipitation)e &3tal. W94 F ERK, JNK, p38 antibody,
phospho-ERK, JNK, p38 antibodyE A}-&3}9] western blotting® &, <A4k3}
Aro WskE Flstinh
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3. Results and Discussion

3-1. Expression and purification of DUSP28

DUSP28¢] FHdA= 176719 olv|x=ito g FAIE o] 911, catalytic-domain®]
(DUSP domain) 18% o}w]:=AFRE] 1530} =4k Aol ZEA] &t} Full-length
DUSP28 - %}e} DUSP c103s F3dxE tigatols @wd S F% 343l

1l Nickel-affinity chromatography2 o]-&3te] A A st cH(Fig. 1, 2).
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Fig. 1 Expression and purification of DUSP28. DUSP28 was expressed in
BL21 (DE3) E. coli and purified by chromatography. The purified protein
was analyzed by SDS-PAGE. M : molecular mass marker, 1 : pGEX 2 :
pGEX-DUSP28, 3 : pGEX-DUSP28 c103s

JEJU
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Fig. Tression and purification of DUSP28. DUSP28 was eXpM in

Bla 3) E. coli and p d chromatography. The purified prf’n
was lyzed by SDS-P I > molecular ma er, 1 : DUSP28, 2
:ﬁpzs c103s —
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3-2. Enzyamtic properties of DUSP28 and effect of pH on the activity

DUSP28% DUSP28 c103s®] & <Q14hst a4l @445 ®7] 98 DIFMDP
£ 7d® Abgstel AEs Fdsigith DUSP28e] & QIAkst aate wheE ok
o] F7Fgtel we} 3ol Frletes EES HoAFAAR (Fig. 3), DUSP ¢103s9]
BFels wulde] o] FrlelE @Al &2 7o HolA skt ol=
DUSP289] ofr|=AbMd T 103¥ A cystsine©]
&5 dthe RS 9udkn. 12]a DUSP289] e #HA < pHE 37

1:01‘
e
o
pad
9
Y

\
o
)
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18000

= 5
16000 DUSP28-WT

14000 - =& DUSP28-CS
12000

10000
8000
6000
4000
2000

=0=Substrate only

RFU

protein(ug)
Fig. 3. Enzymatic properties of DUSP28. Purified recombinant

DUSP28-WT and DUSP28-CS (C98S) were assayed for phosphatase

activity using 5 pM DiIFMUP as substrate. Relative fluorescence of the

reaction product, DiFMUP, was measured.

160000
140000
120000 -
100000 -
80000
60000 -
40000
20000

RFU

pH

Fig. 4 Effect of pH on the activity of DUSP28. Reaction mixtures
containing 5 uM DiFMUP and 5.4 pyM DUSPZ8 were incubated at various
pH buffer (20mM sodium citrate pH4.5, sodium citrate pH5.0, Bis—tris
pH5.5, MES pH6.0, MES pH6.5, Hepes-NaOH pH7.0, Hepes-NaOH pH7.5,
Tris—HCI pH8.0, Tris—HCl pHS&.5, BICIN pH9.0)
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3-3. Effects of phosphatase inhibitors and divalent ion on DUSP28
activity

g elitstaa AdAE AHesele Al DUSP28e] 4o Wsls FlslE
tl, Tyrosine phosphatases® 5°]|4 9= A &sl= sodium orthovanadateE
Al S Alddl= ol A A waHE el F o+ Ao (Fig. 5)
serine/threonine phosphataseE 59|42 A3} Sodium fluoride (NaF)
S Agegls wdle 10985 A&l a¥E 2t PRL phosphatase 2]
A A 4# A = Pentamidine (PMD)S Heldt9l S w 20%< A&zt
£ & F A% (Fig. 5). w5025 AsiidS A DUSP28¢] &4 W3}
£ H71$% AES =35t DUSP282] Md AWM F&Ho]&3) wh-g-3ts
o3 motifE TS F floolx BFsta Zn” & A Al DUSP28¢] &40
g3 gasts A A & £ AL, Co’ A B A AYE e
Atk (Fig. 6).

Zn*ell 9% & QaslEad B4 A avs B QAbslaso FAR9
ZAe=  cysteine 2719} Zn® ko] A5 osle] =RE] UEY F e
geltt [Maret et al, 1999]. 3pAt o] #4F& djFito] DUSPolA = U
UA ¢tar LMW-DSP3 (DUSP19) [Cheng et al, 2003], DUSP3(VHR) [Kim
et al, 2000114 yeldtt= A5 237t EA35H.
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100

60

40

Relative activity (%)

Mone Vanadate PMD MaF

Fig. 5 Effects of phosphatase inhibitors on DUSP28 activity. Several

known phosphatase inhibitors were tested for their effect on the ability of
DUSP28 to dephosphorylate DiIFMUP. 5.4 pM of DUSP28 was incubated
with DiFMUP in the absence or presence of 1mM sodium orthovanadate,

PMD (pentamidine), NaF

120

100
20
60
40
20
0 |
Ca Zn Mn Co

None Mg

Relative activity (%)

Fig. 6 Effects of divalent ion on DUSP28 activity. The reaction samples

were incubated in the presence of 2mM each of the divalent metal ion
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3-4. Substrate specificity of DUSP28.

DUSP28¢] 7]#& 5|4 (phospho-Tyrosine, phospho—Ser/Threonine)& 2

213}7] 913l phosphatase assay system (Promega)E AF83le] 48 F-3 3}

Atk o] 7I'HE /39 phosphates 71H=E ARRsto], & ¢14kst HAS Al A
=& 14E717F molybdate-malachite green®t 53HA|E AAJ3sle] Aol maHo

Z WHslE AL o83 WHo g 505nmolA] FFEE A5t I FXE B

o]

2 AAMd¥E phosphate goz 3Alsl=d A&t 1 o]

DUSP28 ¢103sell tisle] phosphatase activity 41 Fasi3ich ojwf 7 &
A9 FEHEHE FAES sto] sx9 Tt wE 1A7]9 AAES AT
A7) BatgE A A3 dubAQl DUSPEAH F 7| ARl &) 3l
= A= =24 [Yuvaniyama et al, 1996] DUSP28-2 phospho-tyrosine®l
et & <QAksE mIF AsiA dEdeE des & 7 A0,
phospho-threoninedl= & QI 7F A9l dojux] = A dEd o+ AN
H(Fig. 7).

ol# A slutel 71H 3 FL SolHde Hol= AL olv tE DUSPAA =
Ha7F ® Aol g+ Z S =, phospho-threonined] E°]4S 7% DUSP19,
DSUP23 [Cheng, H et al, 2003; Wu, Q et al, 2004], phospho-tyrosine®l
Eo]4S 7} DUSP3(VHR) [Yuvaniyama et al, 1996]50°] <=3t}

J|m
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3000 -
2500 +
2000 —a=Tyri-wt
= =Tyrl-m
1500 +
—=Tyr2-wt
=8=Tyr2-m
=+=Thr-wt

1000

Phosphates (pmol)

500 4 =E=Thr-m

o 2 4 8 10 12 16 20

protein (ug)

Fig. 7 Substrate specificity of DUSP28. 0.1mM each of Tyr
phosphopeptide- 1(ENDpYINASL), Tyr phosphopeptide-2(DADEpYLIPQQG),
and Thr phosphopeptide(RRApTVA) were used as substrates. Indicated
amounts of the DUSP28 were assayed (wt=DUSP28, m=DUSP28 c103s).
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3-5. In vitro dephosphorylation of MAPKs by recombinant DUSP28
DUSP28& phospho-tyrosined] Eo]%¢l EelAalsl ghvls AL ol o 4
o, olglg 545 7H DUSP287F AlZWolA DUSPE<] 7]2 <l MAPK
=9 Qitstel ouWE AAVE Jd=AE FRlsrI 9@ western blotting 7] &
o] &3 S AT 6uge DNAE (Fig. 8ol HAlE o=z JHA
Utk EGFE A elste] ERKe| dAtsls

glato] INK$F p389] <latstE #FXAlZH. 2L b5l lysis buffers AH&3to
lysateE THE0em, HA, Flag antibodyE ©]-&%8 western blottingS 433}
of EAG AN FAAES] HAS FAskvh. 12]al phospho-ERK, INK,
p38 antibody= o] &3le] EGFe anisomysine] €3 MAPKS <lAkstrp =z o
ofk=Ael gk FEs gletdlth. Sl A a3k western blottingoll A &4
Az o®@ g9 HEa QIAE 7 gkle]l HSlew  HA-probe
ool W

9

3}3l, anisomysine *

H

o
2

il

(agarose—conjugated)E A 7S AA], western blottingS 4-3) &}
of PAH3 AA LTHAZ ERK, JNK, p38¢ <43t A%= ERK, JNK, p38
antibody %} phospho-ERK, JNK, p38 antibodyZE o] &38}e] #4159}

Western blottingS 33+ 23} ERK, JNK, p38, DUSP28, DUSP28 ¢103s9]

BEo] 2 @ AL st on, EGFS anisomysine] &3 <1xkste 2 <
P22 o & £ AT (Fig. 8-1). HIAAS a3  lysateEs o] &35}
2 A8 western blotting Aol A% DUSP28S 0] wFa A7l Lol A] JNKS}

p38el QLML Tk Ae el & 271 ek (Fig. 8-2).

gk
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Blot : Anti HA

Blot : Anfi p=ERK

Blot : Anfi Flag

EGF - + + +
HA-ERK + + + &
DLSP28 = - wT clods
Blot : Anti HA
. — —

Blot : Anti p=JNK

Blot : Anti Flag

Anisomysin ” + + +
HA-JNK + ¥ + %
DUSP28 - = wT clo3s

Blot : Anfi HA

Blot : Anti p-p38

Blot : Anti Flag

Anisomysin ¥ + + +
HA-p38 + + + +
busP28 & - w1 clolds

Fig. 8-1 In vitro dephosphorylation of MAPKs by recombinant DUSPZ28.
293T cells were transfected with expression plasmids for HA-ERK,
HA-JNK or HA-p38 and stimulated with EGF or anisomysin. HA tagged
MAPKs were immunoprecipitated, washed with lysis buffer, and then
proteins were separated by SDS-PAGE and analyzed with anti—HA,
anti—Flag, anti—phospho—-MAPKs antibody and anti—-MAPKs antibody. WT:

wild type; C103S: cysteine—103 to serine mutant.
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Blot : Anti JNK

Blot : Anti p-JNK

Anisomysin = + + +
HA-JNK + + + +
DU5SP28 = = WT cle3s

Blot : Anfi p38

Blot : Anti p-p38

ANiSOMYSin - + + +
HA-p 38 + + + *
DuUsP28 = + WwT clo3s

Fig. 8-2 In vitro dephosphorylation of MAPKs by recombinant DUSPZ28.

293T cells were transfected with expression plasmids for HA-ERK,

HA-JNK or HA-p38 and stimulated with EGF or anisomysin. HA tagged

and then

MAPKs were immunoprecipitated, washed with lysis buffer,

proteins were separated by SDS-PAGE and analyzed with anti—HA,

anti—Flag, anti—-phospho-MAPKs antibody and anti—-MAPKs antibody. WT:

wild type; C103S: cysteine—103 to serine mutant
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4. CONCLUSION

AFAFel| A= DUSP28<] /o] pH

§)
EA3F= cysteineo] A9 A4 T3 A4S = AS & ¢ IUY.

2

o
2
o
o
-
rir
o
=2
o=
8
O
=
=2
j=n
O
<
Q)
)
Q)
(@R
Q)
=
@
1t

?]11 tyrosine phosphatases® E-0]
At S A Aol A AsHE AL el & £ ddern, Zn” & A
SRS Al &Aoo A AdEHe= AS &2 T 5 AArk DUSP28Y 714

EolAS A KRS A& phospho-tyrosineS Eo]#d o7 & <143l Al7]&=

Aoz velda, AEWelA INKe p389] CIMIAEE F7F A= AL &
A 4 AT
DUSP287} phospho-tyrosine phosphopeptideE A&z o=z € <lXx3} 3f+=

A9} tyrosine phosphatasesE Eo]A o w2 A &3l sodium orthovanadate
2 mFo] ®oks uj, DUSP282

tyrosine 502 Ql & QItta} aiehs HS WEsHA & & A e Y
31 DUSP28¢] MaA F&ol3 wHeaht motif7h EASHA kg% Zn® ol
& oA A7t Hlve AL Zn® oJste] DUSP28Y] Aol 2H S wg &
A< AAFEE,  DUSP28°] Zn* ¢ @& = AsdgA Al £3d &

A #9E A Bl FANA Frdte Ao

fass
facs

&S wAFT. wEd zZnTd 9 A A zH =L 7)HEA
phospho-tyrosineS A3t Zo] DUSP3(VHR)¥ AL A& w|Fo] BLS
ul, DUSP283} DUSP39] 34 K9 Fx7} H|=e Zojgtes dae o 4= 3

g
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