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Closed Conformation of a Human Phosphatase, Chronophin under the Reduced Condition. Hyo Je
Cho and Beom Sik Kang*. School of Life Science and Biotechnology, Kyungpook National University, Daegu
702-701, Korea - Chronophin is a phosphatase responsible for the dephosphorylation of cofilin, which
regulates the rearrangement of actin cytoskeleton. It is also known as a phosphatase for pyrodoxal
5 -phosphate (PLP), an active form of vitamin Bs, and maintains the level of PLP in the cytoplasm.
Since this phosphatase belongs to a HAD subfamily containing a cap domain, it is expected to under-
go a conformational change for the binding of a substrate. However, the crystal structure of chro-
nophin has a disulfide bridge between the cap and core domains preventing a movement of the cap
domain against the core domain. It is possible that the disulfide bond between C91 and C221 was
formed by an oxidation during the crystallization. Here, we obtained chronophin crystals under a re-
duced condition and determined the crystal structure. This reduced chronophin does not contain a
disulfide bridge and shows a closed conformation like the oxidized form. It implies that an active
chronophin binds its substrate under the closed conformation without the disulfide bond and shows

a high substrate specificity in the cell.
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29l actin®] 5/ ¥stth Acting 73 ¢ ©FA
o FEAQ filament Y E A E o EA)sl=d 982
ko] A actin Y& 7} filament2 Z¢E = A o] A XV}
3ol 7] F % 3ol "r}H2,16]. F-actin cytoskeletone]
Ay d9Agd= AXE YA =& actinfilamente] AH
4 &8 el =y o]ld &AL actin-depolyme-
rizing factor (ADF)/cofilinol| &3] 37 ¥ t}[4,10]. ADF/co-
filin& F-actind]] A3$FSC 2 M actin filament?] #1¢l JEj &
TAANY Z24ve AE st oA ATHA
HolA Yrle RS 1A 71YH4,6,12]. ADP-actin mono-
mero] Agtsty ATPE X8 & AL 2he cofiling F 7}
21¢] Q12ksl & 4, LIMI-kinase$} testis-specfific protein kin-
ases (TESKS)9] | A N-2tre] 3 A serine 77|17} Ql4ks)
HoZAN 1 F4E 9A & ¢=0H20,22]. o] ity BRE
o] AAEHHAM cofilin &4-3 et =1 200513 Gohla &
2 A|EF7] F cofiling] B4E& A3 chronophino]
2} WHE ZE3 cofilin phosphatases R 13} HH7].
Cofilin®] 43S E3] actin cytoskeleton dynamicg %3
3} cofilin phosphatase 287122 M ¥ 9] B g3} o]E%
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g 5 Ax Uy A3 FFo|m &A% chronophing
= M| X9 7§ cytokinesisol] Aol A7) M E| AE
HE £A489T21]. Chronophing olr|=4t MEEA &
3] pyridoxal phosphatase (PLPP)Z €27 il @y FY
o] #a) A oH7]. PLPPE vitamin Be] & Sejg thakd A)
X ]l A AN o 7] @i o EA4¢ A< pyr-
idoxal 5-phosphate (PLP)2] F& & 24d3l< 715 & €%
3T} 5,19].

Chronophing 32 kDa =7]9] @d¥jdE Mg o|]&-& co-
factor2 Q3+ haloacid dehalogenase (HAD) super-
familyol] &&= ZAo2 4#HA Uu=d HAD family phos-
phatase™ Aol A F-E] Algol o|27]71A] FHH fstA &
A5 o2 £7F9| phosphatase$}+= T2 A &49| aspar-
tate®} 37 anhydrideE 7+ Z7HA1S 3 A31H A phos-
phoryl-group& Ag@st= W7lUEs 7FA 2 ATH1]. HAD
superfamily= & R &9 aspartateE zt= GAFAE £3
8t core =H[Q1# 7|2 AF o B3 cap =HIQE JHA
it 9UtH9]. HAD &) 43} phosphatasex= cap =1 ¢l
o] el wet A EFE UrolAe Hl cap =H¢lO] a-
helices2 -4 ¥ subclass 13} o/B F+2%! subclass 11 18] 11
cap =9 ¢1o] glo] 71 loopE thX] ¥ subclass Io] 3| t}(Fig.
1). HAD family phosphatase= @457} cap =<3
core TH|QlALolel 1o cap EH|Qlo] 7|AEO|AAS F
e Ao 2 ¢HA Yot webA subclass MI2] phospha-
tases H-S HYQ 714 & o] &3+ WHH, subclass 13} 119
A= 71dEo|Ao] vnF F}H17]. &3 subclass 13} 1T
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Fig. 1. Representative structures of three subfamilies in HAD
family phosphatase. (A) subclass I; §-phosphoglucomu-
tase (PBD entry 1LVH) of Lactococcus lactis. (B) super-
imposition of the substrate-bound closed conformation
(PDB entry 1003) of B-phosphoglucomutase on the open
conformation (PBD entry 1LVH). A movement of the cap
domain indicates by an arrow. (C) subclass II; Escherichia
coli protein NagD (PDB entry 2C4N). (D) subclass III;
mouse magnesium-dependent phosphatase-1 (PDB en-
try 1U70).

o] £3&}= phosphatase= 7]2 2] A3jlo] cap =l ]3]
ZAo] e core £H¢1e GARAE @11 YW cap &
m2lo] 712 AgS A3l WA d= FH Y 793'&0]
Ao} He}9,11](Fig. 1B). &, core TH|1F cap &=H|¢IS

A3st hinge -89 F& ] 93 712o] gl Wel €4
el A 7]do] A% d 23 e 29 Hgo] dojdr) wf
A af/p 729 cap EW|UE 7FA L Ql o] subclass o) &
8= chronophinkt cap =v|Qlo] dele e e AJo|
be Ao g g EAY. a8y ¢# A chronophin/PLPP
o] #ZE By 7]Z<¢l PLP7} A¥® +%(PDB [3] ID
2CFT)7} 238 el d 25 olyz} 7140] gl +%(PDB ID
2CFS)& 23 Hejo|t). o] AR F 2= cap =119
ad helixol] 9x3 C913#% core £ 21¢] a8 helixd] U+e
C221 A}olo] disulfide bridge7} f1t}. ©] disulfide bridges
core =134} cap E791-§ AA3}tE= hinged] w2E -9
of fAlete F TuQlte] FAUS T AAY S TS
&t Qltt. wWekA chronophin®l % ¢ cap =W Q9] -2
do] QAU Ed FHE Y HEo] glo] ALBAHZ
718 Ao g AZAHAL. 18} o] disulfide bridgew & &

o] Ak3lE FZ A EMEJ-:-:— Ao & B :::-g— JA) &1 AR
g}ohe oA HEofZl ds) 714
AgHA Fe Chronophin-J TZ7} QH-J—QEd y e X
A 4= glt}. 2. chronophino] M Z oA gdH 37
o 9& AL C913 C211 A}ol¢] disulfide bond7} §lo.H
cap £9Q13} core £ Aole] §2o] AE A o}
99 7229 AP0l 45T 4% AUk olo] & AN
= 399 Agd A9 chronophin® AATZE B33 F
cysteineZbol] Ajto] gl Aol A9 chronophing] T+x&
g e Tz Hlasted 9 Yo Ado) Jbs
A o} B3

rLL.,
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Chronophin®| &4 ¥ AAs|

G AR A4, TEVY AAF-9HE EAT hexa-HisE
zt= pHIS parallel ¥ Ej[18]o] A}&<] chronophin/PLPP
A7 2299 pHIS-hPLPP Z@Av|=E A7 B84
straind] T3t A ZF chronophing FIAHAZO.
pHIS hPLPPE Z= thAFS M9 wjx| oA 32|17t Zlehu) o}

5 Azgomade) 38 e S5 98 1 mM [TPGE

@7}6}1 dudo] $449 YHZ PUYES MILES
25°CE2 @& g 24417 o vt v A& 7,000x g
ol X 2087+ ARSI FAE 4L ¥ 150 mM NaCl9}
5 mM B-mercaptoethanol ¥ 33 50 mM Tris-HCl, pH
75 (buffer A)ol AAEST 2LHE o] §3tal HHF o}
£, 26,000x gol| A 45827+ A B8t cell lysateE St
o] & buffer AZ B3 A7l Ni-NTA (Qiagen) Z2H-& 534
Al7]13L 300 mM NaCl3} 5 mM B-mercaptoethanol, 20 mM
9] imidazole& 3H3F 50 mM Tris-HCl, pH 852 ZH &
AL o5, hexa-his tagg 2t ART chronophing 250
mM94 imidazoleo] ¥ Y¥FL&Qoz LEAAHY. §&

B il @2 21°Co A} (TEV (Invitrogen)S o] 8-3}o] A E

3 Ni-NTA columns t}A] 5 3A} A hexa-His tags A} A3}
At Tag7t AAAE AL 5 mMe] dithiothreitol (DTT)
S g3t 20 mM Tris-HCl, pH 752 vl H3E A7
Bio-Silect SEC 125 Z ¥(Bio-Rad)S EHA|A ¢5=5 =
o} AAE 9 AL Centriprep YMI10 (Amicon)& ©]-8-3}
o 10 mg/mle] F =& FZ%3 T hanging drop vapor dif-
fusion ¥} 0 2 21°Co| A chronophin®] A%-& =Y.
Chronophine] AA3ZAHC 2 16%2] PEG 4,000 3 A A
2 20 mM MgCly& &%k 0.1 M HEPES, pH 7.08 $%-&
g Agaan

Chronophin 2™A|0f CHet X-M $|& Y AXMTX9 7H
Zo]7} 200 pmo] FEE AT ARAE o] $3te] X}



&£7)1d749 6B WA JHLPE sttt ¢ dA
AAE AAs AHEE &F8d 15% (v/v)e] SEAHE
£ cryoprotectantE F7}3t G4 A Hi F AL
o X-A& 1127 A9 B3AL ALE-39t). 3 framed] 1°4
ARJAE IAAA F 180°) i3t 3 HoHE 3 3H
o #8349 dlo]8 = HKL2000 =2 19[15]8 ©] &3}y in-
dexing3} integration, scalings F83tFt. F 10,6437 9
reflectiong UYo¥ redundancy’} 13.39] unique re-
flectione 10,6430.2 26 A 33 =o]A completeness+=
100% o] t}(Table 1). Chronophin®] #x}4t2= PLPPS &4}
T+% (PDB ID 2CFR)E 322 39 AMORE =271
[14]-& A}8-3l molecular replacement WO 2 Zgkom
239 ‘O [8]F o &3t YAFR E¥E S FA3 Ao
CCP4 suitd] )+ refmacd T2 1H[13] 0. &2 refinement 3}
& +339

Table 1. Data collection and refinement statistics

Experimental Data

X-ray source PAL 6B
Wavelength (A) 0.9792
Space group P43242

544 x 544 x 2133
30 - 2.6 (2.69 - 2.60)°

Unit cell parameters (A)
Resolution limit (A)

Total reflections 141,522
Unique reflections 10,643 (1,025)
Redundancy 13.3 (12.5)
Completeness (%) 100 (100)
Rsym’ 0.111 (0.636)
Average 1/s (1) 33.3 (5.7)
Refinement Details

Space group Pd32,2
Resolutions (A) 30 - 2.6
Reflections (working) 10,065
Reflections (test) 503
Ruork 0.231
Reree 0.279
Number of water molecules 26
RMS deviation from ideal geometry

bond length (A) 0.010

bond angle (°) 1.263

Average B factors (A)
molecule A (main/side chain) 33.6 (33.1/34.2)
waters 26.1

*The numbers in parentheses describe the relevant value for
the last resolution shell.

bRg,,,,m=8 |Li-<I>| /SI where li is the intensity of the i-th ob-
servation and <I> is the mean intensity of the reflections.
‘Rwork=S| | Fobs | - | Fcalc| | /S| Fobs|, crystallographic R fac-
tor, and Rg.=S||Fobs|-|Fcalc||/S|Fobs| when all re-
flections belong to a test set of randomly selected data.
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49 B 9| chronophing] 2 A= §TF Pds2:20)
&3y 99 A e 7= 544 Ax544 Ax2134 Aot} &
uhe] vt ©ojel g B9 chronophin A7} €9 <
F7)2 Matthew’s coefficient (V)& 248 A°Da’o]1l sol-
vent content= 50% o]t} %2 <l chronophing) ¥ d-& &
MY Mg o] 20| &AF-ol ZAtd FHE 26 A 3=
FHEAL. o] D Ruork®} Riee gt 742} 0231} 0.279
o] th(Table 1). )29 Feji= o] Aol ¢ PLPPY 7%
9} 2UEA F ANY =<, core TH AT} cap EHQIOE
TAEo] dthFig. 2A). Core =212 olu]i=it MIoA
5877141 9] F-9 ¢} G2124)| 4 D29%67kA &) H-9j2 FA3€ o/p
Tz9 T ¢lolw 77019 helix®} 97§19 strandE o] F-o] A
At Core =H[Q1e] SAF- A Mg o]o] HAHIE
dl Mg o|&& Al 79 ofm=4t 7], D25}t D27 11
D238l oJaf A¥ o] Jom A MY EEAS HES W
91438 312 At} 4719 helix® 7701 9] strand2 A & o]
e capEm QL S88ol A V2117 A o] o/f +Z9 ZH
ojolt}. Cap = <1(04 helixol} A p13 strand) core =)<l
9] B6 strand 9} a8 helixAlo]d] AU E Fe)o] core =1}l
ol 3MEE Qu Q). F EvQE dAse 9428
S87.5883} V211-G2122 24 % & 7j¢| #& linker2 o3
o] 4 ¢lt}. Linkerd] 934 F helix, core =1 219] 08 helix
9} cap =9 219 04 helixe 439 4TS 5 linkerg 7]
TOo2 BAE Y9 v Fo] 9| 3th(Fig. 2A).

Abstel Ade] 2] chronophing] 739 linkero] <ZA¥ core
1219 a4 helix®] C917 cap =921¢ a8 helixe] C2113}
o] disulfide bond7} 3lo] F Zul|IALo] &} -2 ¢lo] A &
ATHPDB entry 2CFR). 22y} &€ ] 9] chronophing]
TF-ZANX = F 719 cysteine, C918} C221A}0] o] & disulfide
bond7} Q& Ao th(Fig. 2A8} 2B). 24519 Aele] PLPP
o] F29 AE T YAl A7t SeMetg 3§t
72(PDB entry 2CFR)o] A= 204 Ao]m Mg o] 20| A%
¥ native TZ(PDB entry 2CFS)oll A= 2.07 A 28]3 Ca
o} 7]2<l PLP7} 2¢¥ FZ(PDB entry 2CFT)o A=
206A 0.2 ZAHt} 399 chronophin®] FRAXN= F
cysteine®] #3-4xtAlolel A7} 3.01 AL R o] AkgtH
Jejol A 2] PLPP #xo A4 HAFEE F/20] S Ho
T Axe AgrRt i) 23 AANYEAEE B F ocys-
teine A}o| 9] electron density7} 4t8l¥ AE] 9] chronophin
e dAa= 0] 1ok Fig. 2C) L4 Ae) ] chronophin
qMe #oA USS & 4 Uth(Fig. 2B). o] F cysteine
Abolo] disulfide bond ZAFo] ge AL 9njdd.
Disulfide bond7} gle S48 Aejol A9 chronophing] +
27} 2st9 Aeje] TZ(PDB entry 2CFR)S} T2 ] H]
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Fig. 2. Crystal structure of human PLPP at a reduced
condition. (A) ribbon diagram of PLPP at a reduced
condition. Linker regions between cap domain (blue)
and core domain (green) are circled. A Mg ion and
two cysteine residues are presented as a sphere and
sticks, respectively. Right diagram is rotated for 180°
against y-axis. (B) Electron density map for the disul-
fide bond in the PLPP (PDB 2cfr) at contour of 1.5 .
(C) Electron density map for two cysteines, C91 and
C221 at an reduced condition at the contour of 1.5 .
(D) superimposition of the PLPP structure at reduced
condition on that at oxidized condition. (E) The di-
sulfide bond between C91 and C221 leads a move-
ment of «8 helix in the cap domain.

2357] 98 5 722 ¥/ BotthFig 2D). Cap EHI
core Q] FE EFA FPgE FX9 stE FEE A
o] 3YsHA velton T Tl e YA = ¥
37 e Aoe® yeyrh =, chronophing disulfide
bond7} Q1-& w9} gl W 25 23 HEHY F2RE FAI
t}. o] chronophino] 7]do} gl& WE &3 e F
= Aol AAFZE FHste A4 T gz

3ol <18k C913} C2117+9] disulfide bondel] 23t A o] o}

ofu|grt. AbstEl 7o FdE X E HusAe
e = Atatd Aol w3 SFLdE Felrt TSt
cysteine, C913} C211 7+¢] disulfide bond7} &of
Jog A F F347 Atol9 ARzt dolzl& #ut ofyiz}
% ofulwal @y)Akele) AE WolATHFig 2B). C91%}
C2119] + Co Y7 Alo] 9] A= 650 Aoz Asld I
A HoF= A, 596A = 5.93A Kt} Hr} o= di-
sulfide bond®] A& 93}o] cysteined] FFYAE Tt
&} side chain®] ¥r3ko] &2 Y& Byt olyz} cysteined] Ca
YAE X33t main chaink: FA[YEFS ovjdith F5
& A& disulfide bondE& ¥ A3l7] Y& F cysteine F
C211gt A Yo ol ¢ls) C2210] Y& 8 helix7} ad
helix7} Q= cap EH|Q) &0 2 o]F ¥t I# 1} a8 helix
9 &2 o] HA core Q1Y o]F& FEdAE FU
2, 27 core E01919) 9AE WA SYAT T 08
ol &30 2 disulfide bonde] A &3 H3}E +8&-5}
At Cap £ Zo] P2 WalA) ggkon] e A
q9l T2E 44595

Chronophin® 4+3}8 AJejiEst ofye} S48 el A
% cap Ev|Qlo] core =¥|Ql9 BAF-E B Sle €Y
gejoln 71do] §l& WX chronophine 7]do| ZYH
QS W} Ze 23 JeE A FAIY g2A chro-
nophin cap £%¢l-& 2t= th& HAD family phosphatase
b= g 23 gHoA 7jdo] 2g¥ AR oA
Chronophino] 714 o] ¢l-& wo] €48 Fej2 HEH7] X3}
= 0] 8-+ Co13 C221719] disulfide bond7] A E 4~ 9l 7]
29l AR cap =W ST core EW| 1S AF s Tl

o
gt} Chronophind] 3k A7 B3 E3
]

o] Ba7} obF F& WY 71WBIHE 2E AU

L e A do o B o1

T cap Qo] REA BAFH} =EHE &%

d He 29 Ago] ¥R Br|d s B Vo] 24
Bz HJske Aol §olatA 7] Wiy Aoldt wetA
chronophino] M3 UloA 294" e/t FAH= F9
ZAE Yox 7124 3 52 Eo|HS HAE o2 £
ZH}.

u

2 o

Actin cytoskeleton rearrangementE ZHdl+ cofiling
A7 AALEA BASE Y o8 HRae Kast
chronophino]t}. o] &4+ HIEFY B FAFHHQ pyr-
idoxal 5-phosphate (PLP)2] A& U] F=& At PLP
phosphatase2 = &3 A 1t} Chronophing cap =H 3}
core = 2l-& zti= HAD familyol] £3}= phosphatasec]| ™



t}& HAD phosphatase$} zHo] 7|2 AES 93] cap T <
I core =]l Abole] BHF-97 =& EHe 4 HE 2
Aol Q& Ao FAHHUG oA YA chro-
nophin/PLPP 9] ZAFZojM = DA ol AA sl o] At
st e o o] Fo)H 7)ol cap =21 ¢] CI13} core =1 ¢
9] C221 Atole) disulfide bond7} 9110 o] A 0] cap =1
A% core Ev| 1ALl FAUE 2o AT B Ao A
= ¥ el 9 chronophin®] ZA AL Ho] chronophin
o] +25 IRt FdE FeH ¢ chronophing] FZ9
= C913 C2217+9] disulfide A2 fIlo} Aksld AH
o} L3 23 Fejollen FHAH core T &3
dol&fd & core =M1 cap =1 FZo& 37} §
1t} o] chronophine] 7] @ o] Q1 e o)A %??_1 He =
A 5= 70| disulfide bonde] —4?. Aol obd & ofn|sir
HE o 899 AeoMe 23 128 & WOEH

& 714 Sol4g RelZ AYE FAIEh

PN>-

O{i

2Ael 2

o] EFL W5HE FRAYXEAAALR FedT
AAHEN R xS ATy AUE Tof AFHUS
(KRF-2005-003-C00108).
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