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it PR R R ) — 2R Sy e YR R B YR A 1) T A 11 A
PRI . PHA 75 Mo Py LUK Y 277 76, H 3% i 4%
BAHZMZ 5 PHA & K K8 1 8 HL PRy
PHA 45 G811, Jorh PhaP Jy PHA JURL fY 2%
SERYER A, H i e AL IR B A0 A R Y 5% FI
PHA 0k 2 11 B BE 90% LA . PHA 0k n] i i
1 B P - A M BB 1 0, PR T A S — b R
SR I3 B 4 55 0 PHA ORI 85 A BERS AT S5 & T
PHA J0RE I, B AT DR g 2 Rl Rb AR 4, A 3
FAR K R [ 2 5 3k alid ™ o 9 f RG22 fir
T KL B AR A G i 40 b ) B — Bedd AR 81 TE
mRNA B AT A& B BUS , N & IKREAE B 35T ),
IR T W i 1) 1 i R 4 AR B A 3 4, I TR ik
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S BLEE 9 5T Y 9 2, 8 5 S R R AR I 7 i, R RS
BP9 R — i ) AT DTSR T T B
B RIKRG PR IREB I TEBR
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ot i A AR, B A K R R AT g A 45
VESERr 0, IR T 7E ML N R = AR PHA JB0RE . G,
ALK E Cai N HREM P ERE T EET

PHA fikr 25 ¥4 8 (4 PhaP (1 T3 fE , {H1% PhaP () 5
W ARANGE . [, B4R Sakakibara 55 A B 1E
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(CDC21) Hfighs &k AR BT HE B, (% & ik
R B 3% M L s K i Y 5 T A 0 S8 IR AR WA I o AR
WF5E K A 3 i T £k T PHA UKL &2 H PhaP 25
F L — B DI R T Oy Rk g 6T PHA it
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Table 1. Strains and plasmids used in this study

strains or plasmids description sources/ references

H. mediterranei AphaP phaP-deleted mutant of H. mediterranei DF50 [3]

Halobacterium sp. NRC-1 Wild-type strain [8]

E. coli JM109 recAl supE44 endAl hsdR17 gyrA96 relAl thi [9]

E. coli JM110 dam- dem- strain of E. coli JM109 [10]

Plasmids

pUC57 Cloning vector, Amp" Sangon
2.8 kb, derivative of pUC57 by insertion of a 142-bp fragment containing multiple cloning .

pUCSTM sites and the synthesized terminator T_, at the Xbal and Hindlll sites this study

pWL502 7.9 kb, derivative of pWL102 by replacing Mev" with pyrF marker [3]

pWLP 8.6 kb; pWL502-based expression vector containing phaP and promoter of gapl2 [3]
8.7 kb; derivative of pWL502 by insertion of Pg,,,, promoter, phaP and a 137-bp fragment

pEM containing multiple cloning sites, T |, terminator at the Xbal and Ncol sites this study

pPE 9.3 kb, derivative of pPM by insertion of gupE at the Ndel and EcoRV sites this study
9.1 kb, derivative of pWL502 by insertion of Ps,,,, promoter, multiple cloning sites, the .

plP L ) this study
intein fragment (hbi21) of NRC-1, and phaP

pUCm-T Cloning vector, Amp" Sangon
3.9 kb, derivative of pUCm-T by insertion of Ps,,q, promoter, multiple cloning sites, the .

pTIP L this study
intein fragment (hbi21) of NRC-1, and phaP

pNI82A 9.1 kb, pIP with mutation of N182 of hbi21 to A this study

pS183A 9.1 kb, pIP with mutation of S183 of hbi21 to A this study

pBIP 9.5 kb, pN182A with insertion of 357-bp bktBB fragment at the Notl and EcoRV sites this study
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R2. KAXHEERBEY
Table 2. The primers used in this study

primers sequences (5'—3')"

PaF CGGGGTACCCTTATAAGGTCGTTACTGCGGCT

PaR GCAGGATCCCTCCTAACTCGGTGTTGT

phaPF CGTGGATCCATGAGTGAACAAGCCAA

phaPR GCTCTAGACTCCGGCGTGTCTGGTGTG

gvpEF GGAATTCCATATGGAACGGCTCATCGAGGAAC

gvpER CGGATATCTTATCGCTCATTGGATTCACT

PbF CGGGATCCAATGGTGTCGAAGGGAAC

PbR ACTTCCCGGTTCCGATATCGAGCTCGCGGCCGCCCATATGGTCGTTCGTCATCTCCTA

IF GATGACGAACGACCATATGGGCGGCCGCGAGCTCGATATCGGAACCGGGAAGTGCGTG
IR TGGGTTGGCTTGTTCACTCGCTGCGGCTGCCGCTGCGGAGATCATCTGGGAGTTGTGC
phaPF2 GCACAACTCCCAGATGATCTCCGCAGCGGCAGCCGCAGCGAGTGAACAAGCCAACCCA
phaPR2 GGGGTACCGGGCGGGCTAAAATAGTT

N182AF TGGTCTCGCACGCGTCCCAGATG

N182AR CATCTGGGACGCGTGCGAGACCA

S183AF TCGCACAACGCCCAGATGATCTCCG

S183AR CGGAGATCATCTGGGCGTTGTGCGA

BF ATAAGAATGCGGCCGCACCCTGGAAGCTGGCAAG

BR GCGATATCCACAGGGTCCCAGCGATA

* Restriction sites are underlined.

L1.3 BEFEMBEREG: KB E R LB K57
BT 3TCH IR, W U INA R S 100 mg/L (12
XEHEHZE, H mediterranei AphaP % JH AS-168 15 37
FE (UMLK E Hy 50 mg/L [ PREENE ) T 37CHi 55,
WA EHRE A H mediterranei AphaP @ % F AS-
168 SY 3338 37°C 15 32" 5 N T S B phaP 35N #%
Ja B 7R Rk IR RS AT RE 2 M A 2R PHA
KL, )R ) & T B 5%k MGN (5 T % 4 49 4 10 g,
NaCl 200 ¢, MgSO, -7H,0 20 g,KCl 2 ¢,NH,Cl 2 ¢, 7%
BRI 1 g, KH,PO, 37. 5 me, FF B 8 me, B
JEZE W SL6 1 mL, PIPES 15.1 ¢,pH 7.0) F 37C
b
14 ARG E: KOD Plus 5 4 0
Toyobo 7y &), KAPA HiFi DNA B 4 [y H KAPA
Biosystems 2\ ®) , H: 5 FH B il 4 P9 V) g | T4 % 2
i .Dpnl W4 H New England Biolabs (NEB) /A &), J#
A H Roche 24 7], 8 1Bt 43 i A5 1 i Blue
plus W0 1 4058 42 7, pUCT-T 2 bk {1 11324 T,
P AR 45 - 8 75 i RE A (JY92-11 D), 8 3 0 L
(Optima L-100 XP) , MALDI TOF/TOF % JF j{% ( AB
SCIEX 5800) .
1.2 HEAAYIZE

T TR B d a0 R T AL PN A D
TG, 5% & KA & L $0H6 14 TnBase' ™ LI K H.

i DAL 2 B0, 08 B 2 5 n0RH X PR ST Y
A IR TCAE AR S R 8 AR BL. Rl S T AN 52 iR
B E BT & DL BRI B E T, S RN A R
KR N VT BG4S K9 3 (DOD domain ) < BE#J HAE H.
mediterranei K& < 2 v JG ) 5 35 PR A SRY N O Ik, A
FHTE 2k T. B EMBL clustalW2 ( http://www. ebi. ac.

mediterranei %t

uk/Tools/msa/clustalw2/) M GeneDoc {447 £ ¢
FI L XS 74T
1.3 PCRIHERBREARTE
AR Bl B ) PCR 3 B8 51 9 16 L3 2,

H ALY PCR R H KOD Plus &5 f& 5 DNA R 4 fiff
PEAT Y4, RO AR £ (25 pl) R8I 0.2 ul,
KOD Plus buffer 2.5 wL KOD Plus dNTP(2 mmol/L)
2.5 uL,KOD Plus 0.3 uL (1 U/L). iF 7 5| #)
(10 pmol/L) 1 pL. Z [ 3% (10 pmol/L) 1 pL,
ddH,0 17.5 pL,

S HEff PCR (overlap PCR) 1Y )71k S % L
BRL14 ] 5 55k KAPA Hifi DNA 54 il 43 1 47 3
S5 BT Py, phaP LK DL KN & BRI AF Hbi21 4
XTI ) DNA JF 30 hbi21,3 A~ Fr B P38 I P 46 55 4
it PCR S5 7E—E o 2 —%8 PCR N : Py, 5
hor21 Jr B Rl A SOV AR R (25 L) AR 2 Py, 5
hbi21 1 PCR #3474 1 pl.5 x KAPA HiFi High
GC buffer 5 WL dNTP (10 mmol/L)0. 75 wL.1E A 5]
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(10 pmol/L) 0.75 pL.x M 5|4 (10 wmol/L)
0.75 L .KAPA Hifi DNA ¥ & 0.5 pL(1U/L) .
ddH,0 15.25 pL; KB A2 5 W F :95°C 2 min; 98°C
20 5,68°C 15 5,72°C 30 5,30 MEFF;72°C 5 min, X
NSERUE UG5 Fsl Fi 5 phaP #4755 % PCR
J R

PCR & SRR ik BE S % CHk[15] . % &
| pIP( ~9.1 kb) A& K, PCR 4 #4 B:f w] B 51 A BT
(5278 AL DA () 244 pTIP( ~ 3.9 kb) it , 43
TG N182AF/R (SI83AF/R, X Mifk & 5 ik
HHAAE PCR S B AH R, S F2 7 R :95°C 5 ming
95°C 30 s,54°C 30 s,68°C 4 min,30 G ;68C 8
min, PCR JZ N J&, H¥EE R AR R m A 1 pL
Dpnl, 3% F 37CKEM P EEVIHIL 1 -2 h,JLS5 pL
A= 5 4L E. coli IM109 , 333 7% 15 35 J5 4% ) 48
KL, Y 3 IE R A IR R AR
1.4 FRAFEAEBEETERERIE

& JTRAGTE E. coli IM109 st sg i, b T 42
AL SR BT A R R R & E AR E. coli
IM110 J5 ', P i 8 2 — W (PEG) /v S 10 55 4L )7
S AN FTE £ H. mediterranei AphaP W i 33
pyrF SEFERRICIH 2k 5% 4k 1, PCR 36 3F % 1k 7 & &
B A IE B S A R
1.5 FH PhaP iR ZEHRMAEAMKRIZUK PHA
MM B S

WA 1 Bk HUIE ) 19 5% 46 7, # & 10 mL AS-
168SY 53R 3L i 35 4 -5 d, RE B MR K 2 RoE
Ja LA 1210 el i Hz 1 Wk, i AR 2R K 2 800 (24
2 -3 d) LA 1210 B % 45 2= 200 mL & e 3% 57 AR
MGN (35 5= F 43 WL b 3C) B G 5%, b2k 78 v 787 44
TFUR K AL PHA UK Jf 223k PhaP @& . 18
W R b A K 4 -5 d 5, B0 IE IR, B
JHI 36 B R LR TBSW 22 i ( NaCl 60 g/L, MgSO, -
7H,0 2 g/L, KCl 8 g/L, Tris-HCl 40 mmol/L, pH
7.0) BT B RS IR B G, BIE RO
A PHA F5UKE f 240 it RH 2 o

PHA UK (1 43 85 32 2 2 2% SClk [ 3], R FH G B
R R 0 B T % TRV S T RAT A A AR E Rl A
A P R B B R ] TBSW 2% o i A% B /K IR
WA AT HC ], B RN (O TR R R e 2 R
B fige , LA 20 BB 0 AE 4°C HEAT) « FHAS W HE IR X 3
mL 41 MR T 12,5 mIL K/ 9 88 325 04 b,

WAREE S 0y AR TR O B IR AR K I A 2 mL
1.0 mol/L,1.3 mol/L, 1.6 mol/L ) ¥ B 5 W% ( FH
TBSW it i) , #3250 (165000 x g,2.5 h,4°C) J5,
FHEE 55 25 /80 W BUBURL 2 % Eppendorf 5.0 %, H
TBSW #i Bt )5, 55.00 (16000 x g,1 h,4C) , 5 15, &
O B A TTTEY RIS PHA AL
1.6 SDS-PAGE.ZARNEY K FRiLEE
1 x SDS-PAGE |4 22 vl ¥ & 7% PHA kL,
B0 E BIE R BURLEE H . SDS-PAGE £ill] PhaP i
GEAM RSB LG, SDS-PAGE (12% ¥ 45
&, 5% 43 85 W) B LK 45 A4 O 100 V, 2.5 h, SDS-
PAGE fig 1175 5 i 52 Wi g 8, 32, 68 3 b, ABER |-
WK YIF H bR %, FBRAE A B B V) )5, 3547 MALDI
TOF/TOF i3s3t . WM EEVIL R fE E 2 S %
BR8], Jot ik 4 43 B it 48 &R 51 % 25 MASCOT
2. 0( Matrix Science , London, U. K. ) , F¢ 51| H %f Bir i /1
Y ESC 4 P2 Swiss-Prot B4k P K AR b BUHE 7

2 %X

2.1 K PhaP{EAZE B N EHRENRIEHME
I

VI H. mediterranei }t 21 R B AR, 4 9 UL
phaPF/R ,PaF/R k5|9, PCR ¥ 1915 5| phaP L H %
WEHASE 377511 DNA | Bt Py, (phaP JE
R e 3 1, K 188 bp) o S TS H By HE A
Mma RE S FL L, NT & E w6 A
(MCS) K &4 phaP FHH L ILFH R BT, ;
[FIEE, R TR AN PhaP 8 (047 &, 76 B
1A 5 x GS-linker J¥ 41|, Jf 78 2 52 B 0 44 2Z J5 U
6 x His-tag, ¥4 i | Bt insl, % insl 7 Be WY& i b
VA 158 B, 8 3k Xbal F1 HindIIL [ V) 07 45 % A
pUCS7 , 15 2 5 4 ioki pUCSTM, i 2 Jii # 28 Xbal |
Neol LY, U452 ins F Bt ; phaP FE K 24 Kpnl,
Xbal SLFGY] , Py, 4 Kpnl BamHI J§Y1,3 A~ F B4
Kpnl 1 Ncol Big U)o s 3% A AR pWL502, 15 2| & 41
FIREAR pPM (B 1-A) o 7 K il D) 25 51 (14 1-B)
FUZEARC A
2.2 PhaP iREREEHNRIES AL

N T BUE PhaP AE Sy Rl G AR 28 T 40 B Al 4k 2R
FIRATAT M DL R 3R 3K 2K pPM o 22 5 6 37 ol 1Y 52
FIPE, LAGIY) gvpEF, gvpER 37 15 75 2] 08 ik i v <
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(A) BamHI

Hindlll

PWLS502
~7.9kb

EcoRV Hindlll

Xba | BamHINel 1| Not 1 Neol

GS linker 6 X His-tag Tsyn

. L
. S
Kpnl BamHl ~ BamHI Xba | \\ Xba 1 Neo 1 ,o/
™
Pszwu phaP ins
l ] ] |
l Ligation
EcoRV

B 1. PhaP EAE B N mFRMREHREZBEHEZERIE

Figure 1. Construction and restriction digests of the expression vector (pPM) with PhaP as an N-terminal fusion tag. A: Construction of pPM. B:

pPM digested by Ncol (lane 1), Notl (lane 2), EcoRV (lane 3), Ndel (lane 4), Xbal (lane 5), repectively; lane 6, untreated pPM as the

control; M; 1 kb DNA ladder.

WA B R 42 3L K gupE , 28 Ndel \EcoRV XU Y] 3% A
pPM 15 2| 8 2l i k7 pPE. GvpE-PhaP @l & & A4 5%
k)G It PhaP bR2845 & F PHA JBRL b, R0 %5
FERRFE RSO A5 R R, PHA JUURL 22 75 HE B 5 W vh 522
MM — K, BEENT 1.0 - 1.3 mol/L FEHE
FpEEZ ] (8] 2-A) . SDS-PAGE %5 L & W], PhaP
FEN PHA BURLZS & & E R Rl Rk br %, o]
DI 845 A PHA Ok, T A5 H AR 8 A5 55
Haifb (K 2-B) .,
2.3 NEMMEHSERFEISH

YT PhaP /R B Al A RIAR 2, ©UE R
UF SAL RO, T R AT 08 A R0 I 446 1) B bR 2R A
1 J5BR PhaP 4525, FRATTLAE 3R 35 UK T 5] A g

HIRBTHERY N & IRX — R RS ook, 458 W
K ECHE 2 InBase DA M H. mediterranei % [R 2H %%
P, A L 8o A K B, e R TN & KR/ O 180
— 642 NEILTR A, r i T DNA B4 M LA
R A 5l LA K 40 B o 2L I A B 21 (CDC21 5
MCM) S5 [, 723X 26 0] 8 /Y 0 #h 3l ) & Ik
A1, Hsp-NRC1 CDC21 ( DA F & #k v Hbt21) K /MY
H 182 AN EELIR & T B A Ik H N C o o B
A5 I (splicing domain) , & A 4 DRSFHYEEFF
WA Block A, B,F,G, Wi~ 5§ 45 45 14 B 2 8] UL 52
PEX I ( Linker) 3% 42 (1 3-A) . N & K9 7 41 1L
XoF 4 SR AT A s v R TR N A I Hb2 1 5 A
DL S T R S IR — AR S A 4 AR T R BT A
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(A)
1
p
1.0 mol/L :
<— PHA granules
1.3 mol/L 4 |
| i
»7;3
1.6 mol/L t

i
&

1 2
kDa &
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I_—-ﬂ_
-
94—
62—
»  <—PhaP-GvpE
— .
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2. 8 PhaP REMBM AT B S E 4L X SDS-PAGE 2 iff

Figure 2. Purification and SDS-PAGE analysis of the expressed PhaP-tagged protein. A : Sucrose gradient centrifugation of cell lysates of H. mediterranei

AphaP haboring plasmid pWLP or pPM, arrow indicates the layer of PHA granules. B: SDS-PAGE analysis of PHA-granule associated proteins. Lane 1-

2, PHA-granule associated proteins of H. mediterranei AphaP haboring plasmid pWLP and pPM, respectively. M, Marker.

AUCE 3-B) N g G 2 B 8 0 F &2 (C) |, C iy
KA IR 53 0 R A 2R (H) B RA B (N)
C i /b S K EE — 7 B FE R N 2 &R (S) , W /R & Vg
TR AT e E A T A TR Bl I At T B A (R B AE R
() 5 B2 AL o
2.4 ETFTRHER-PhaP HRIZHFENHUE
K4 overlap PCR 59T IE I, 43 5l 3151 4

PbF, PbR, I 7€ B 1] 51 9 v U o 22 o B 7 0 (A 4
Ndel Notl Sacl ,EcoRV U~ BR i ¥4 4 Y17 55) L LA
H. mediterranei 3K 2 8 M 47 35 45 2] )5 3h + B
Py (phaP JERESR )G 80 F 60 & Z s &0, K
JE4 99 bp) o TN & KA B B M E R AR R

2 BN FE B 52w, PRk 4 B AR B T Hbi21 4
K i 4 AR (CTGK) K HF il 5 A& AR
(SQMIS) , ¥y il i Bt hbi21, Py, 5 hbt21 A Bi il i
overlap PCR 977 35 il & 75 — S, g B R BL Fsl, hy
TAE T SE 0 AR Al KRR e A AR S
[] I5F 4521 PhaP £ 85 1 C s 58 FIAR 2 0 T A7 18, B
F B Fsl s F phaP JEPI N S # A B Fs2, 7
2 BamHI1 DL M Kpnl [R5 P4 B VI 7 45 3% A pWL502,
F LR IR Bk pIP (& 4) 36 A 5 BR8] Fs2 40 )7
B F A IE

2.5 NEREZEEENBIERNRATERREH
HHRER
FIR AR pIP g £R 7 B R N K Hb21 (18] 5
g AR 1) 1 N i S KOl 2 SO RE 7 ki MCS i B
JRCRIFR 9 M), C 35 4 2 K PhaP (TRIFR 4 P) o A
TR UEIR N S IRTEANR AR 1 b e TS B e Ak B
FEHE IR, N PHA KL b g 2Rl & A e, R
SDS-PAGE Jy ¥ k47 /1 , 45 5 35 B . Hbt21-PhaP
il H R IB A YR/ 24 kDa, 5 PhaP K/h
AR, B W% A & KA 53 U A 23 B (MIP) & A
TR H BT R N, W) g MP (18] 5B, Ykl
2), lAE MCS i it ik i 85 4= 7 PhaP H (8 5-B,
i 1) WK
TN &K Hb21 /9 C o 5 52 35 1R AL A5
I BELWT G C g B9 BT 35 BN, 4 3% KRR 2 i 4 T
PhaP #548 b (7] J T R HE A & K-S PhaP 45 %558
RN S ) R P BT U B AR B BR) L 230
B B IK C o AR 37 K R K A Tt M 5% A8 B TN TR
(N182A) , C it A1 2 JIK 5F — 17 % J& R 22 % TR 2K 7% I

N (SI83A) . SDS-PAGE 45 3R KW, fRF 1 K&
WERG A 2 R T, N IR GIL 2R 17 A 31k, A

T3 BELUBT 1 P9 35 Ik C S DB 588 S B, 2 ik 2 7= ) g MIP
(K5-B, kil 3) . {HAF—R19Z, K 5-B f MIP Jif
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(A)

N-extein Hsp-NRC1 CDC21 intein C-extein
A & £ ¢
y N
> T T11
41 181182 183
® Block A
Mth j=CyE T SGG————————————— PRTVAE-——————————— LEGKPFTALI-————- 30
Mxe [SANT GRALMAL PEGES ————VRIADIPGARPN-———————————— SDNAIDLEVL-————- 39
Ssp SEE LM LASTGK- - —-RVSIKDILDEKDE ———————————— EINWAINEQTM-————— 39
Mtu K@ ECIRIE DPVT GT - - - - THRIEDJVDGRK-————————————— PIHWVAAAR-————- 3
Hbt21. : K& RGHETHALADGSE----REIRDLIYEANLDDPRPVDDGVHDGYDVAYESLAAD-————— 51
Hma N{SF HPjsii R Y EDENDDWE Y GTTEE LE SRLDDPQEDDF GTLYQELDGDLTWE S L-————— 55
Tfu Diii EfTIRRNGR--IEFVPIEKWFERVDHRVGEKEY CVLG-GVEALTLDNR-————- : 52
Mja GAMAY|)E Py LSDGNIIN- IGEFVDKFFKKYRKNSIKKEDNGEGHIDIGNENIYIKSFNKLE : 60
*
Mth ! RGSGYPCPSG-FFRTCERDGYDIFRTRE E- HCIR LHERIRIAF VDG~ — === = ————————— : 73
Mxe : DRHGNPVLADRLEHSGEHPGY TRTVE E- LRYT CaANI PIHC LV DY - —— === ————————— 1 B4
Ssp : KLES--AKVERVFCTGKELGYIIMKTRLE-RTHKAMANEIRE T IDGH - —————————————— ;B2
Mtu : DGTLHARPVVEWEDQGTRDGIGIRTAGE-ATHHANDERIKITEY Gl - —————————————— ;B2
Hbt21 GRLVQRRATKVWEREAPETUYRIRT AAE - HRIMT VI E S EIMF VAGSHGPD-—————————— A : 100
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Tfu 3 GRLVWKKVPYVMRHKTDKREYR GYLNTSKVEPGKPLEERLVE : 112
Mja : LIIEDKERILRVWRKKY SGKIIKMT TKNR-REMT LHERI Py I SKTG-—————————————— : 105
Mth e RGAGRQD—— | MqEUATHY GAS-——AFTANEF c @ 136
Mxe : AQATADELTDGREYYAKNASWTDAGVOE- -4 DTADH--AFITH T : 200
Ssp : QSPEIEKLEQSDIYWDSHVEMTET GVEE - -l Tl PG P- - - NEVANDI S : 431
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Hbt21 : --———--—- DAET VAN SAIE ST EVE PDEEW | pOFENE GT):-—- S¥LTD g : 184
Hma e e AADTDT{EAREYVE S DVDH RO THADTSi- - - RVAVEETYHGOC : 182
Tfu : GHTNKERAYKYDFDLVY PREMEEITYDG-Y| #40iE]E GT/si-— - REF AN T : 391
Mja et NNTINLDENIKHETVDYNG— Hipgos TiE DNEITY T ACKNE c : 170
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Figure 3. Sequence analysis of the haloarchaeal-type intein Hbt21. A . splicing motifs of Hbt21. The N-, C-terminal splicing domains ( gray

boxes) , the linker domain ( dark box) of the intein, and the four splicing motifs consisting of block A, B, F, G are showed; the N-extein and

C-extein are shown in striped boxes; the arrows and numbers below indicate the amino acid positions. B: alignment of Hbt21 and ( partial)

intein sequences from other archaea and bacteria ( containing -1 and + 1 extein residues). Asterisks indicate the four conserved splice junction

residues. The sequences corresponding to the four conserved motifs of block A, B, F, G in figure A are shown. Abbreviations: Mth, Mth

RIR1 intein; Mxe, Mxe GyrA intein; Ssp, Ssp DnaB intein; Mtu, Mtu-H37Rv RecA intein; Hbt21, Hsp-NRCI CDC21; Hma, Hma Pol-

Il intein; Tfu, Tfu Pol-2 intein; Mja, Mja KIbA intein.
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Figure 4. Construction of the expression vector (pIP) containing intein and phaP.

BV 5 % A BOkL pN182A | 44 i 5 2H i ki pBIP,
BkiBB-Hbi21-PhaP(BIP) fil & & 1 & £ A 4 fb )=,
SDS-PAGE 25 R B I L T 3 550 B B
MR A (SR 1,2,3) P 4% 1 F &R, R
/N5 E BR-PhaP filG 8 H 3R IA 9 (IP) AT, 2928
35 kDa; 7 W 55 2K [ 454 = BE A, 7 SDS-PAGE Jig
AT 62 kDa 194 kDa Z [8] (& 5-C) ., 43 51 A #E
B EYIN X 3 ABmEA NS, 4T MALDI
TOF/TOF 5tk %2 73 M o WY1 K B 14 ) 4] DG fic 45

FW, 5545 1 Hbi21-PhaP @G 25 H (IP) 4547 2
3S/UEH N BIP A GHEM (£ 3), DL ETmE R
VB, I 2 2R 3R G2 T DL 2 S B H AR R -
JIK-PhaP gt 5 2 [ 89 2235 5 404k, o 9 75 K -PhaP 4145
GANATREH G HEAREEE T HM., AhTF
B IR A i N i W 284 1) Bl 2 I, (45 R 43 H A
EAB) Bt SEANC ZER(WEERT
IP) 52 H bR 8 (A LIRCR . ROk I8 7 i — 25
FEIZN B R N sty BT 24 0 T P AL, DL S BN H bR R
[1-P4 7 IK-PhaP filiA 8 11 ml s i 3R A5 HAR & o

3 itk

PTG R T B A 1 E A LR R 0 B Al R X
A — L B = — ANt kg i S B 4 P 2R A 4l Ak
Z, AT 7 — B BE L B 1w o A 4
HE AR R BE TS . pWL102" " 45 % 9 g £k 7y
T - B FE T SR MR A A, L Py 3% 2 o ) i 2 ke U
TR 11 5L A 1Y Mev' S B ARIT , 5 T 5 4t 1k
DNA % A& [ U 260 20, 45 97 1 1F 8 6% A6 T it AR
BB PR, R K M T T M R, pWLS02 2 LU
pWLI02 Sy 3 A B L5 3% 48 1 19 3 P B3 10 Mev”
Beife ok pyrF S i B, pWLS02 A A AE B A B
PEBE 7 0 B A R I S A RN B T pyrFAF
W ERVERRIC , A BOR S T pWLI102 kA 1 Mev'
B R p i L ARG L pWLS02 fE g 4 1A
AFYIEE W R AR i PHA B0k 25 # 2K 14
PhaP fF 2 11 3 3K b5 25, TR I I 0 22 9 B 37 43 L
T (Poyyo B Poyoy, ) AL IE T 55 005, 43 59 1 D ) 222



1006

Jinhua Wu et al. /Acta Microbiologica Sinica(2014)54(9)

(A) N-extein Hbt21 C-extein
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Figure 5. SDS-PAGE analysis of the expressed intein-PhaP-tagged proteins. A: Schematic diagram of the chimeric XIP fusion protein

consisting of target protein (X ), the Hbt21 intein-containing fragment (1), and the phasin protein PhaP (P). B: SDS-PAGE analysis of

PHA-granule associated proteins of H. mediterranei AphaP haboring plasmid pIP or its mutant derivatives. Lane 1, pWLP; lane 2, pIP; lane

3, pN182A; lane 4, pS183A. The predicted unspliced precursor and various spliced intermediates and products are shown on the right as

follows: MIP, unspliced products; MP, spliced products; P, the wild type PhaP or product of cleavage at C-terminal junction of MIP. C.

SDS-PAGE analysis of PHA-granule associated proteins of H. mediterranei AphaP harboring plasmid pBIP. The predicted unspliced precursor

and spliced products are shown on the right as follows: BIP" , branched intermediate; BIP, unspliced precursor; IP, product of cleavage at

N-terminal junction of BIP. M, marker.
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Table 3. Mass spectrum analysis of protein bands 1-3 in Figure 5-C

band MASCOT

numl)er score

matched
. Coverage/ %
proteins

matched
peptides

PhaP 28

1 608

[ RSIEQSOQR ]

[ SMHQGI EFQK ]

[ GTDFARTAVK |

[ SYFEMMDSSVPGDNR |

Hbt21 22

[ GDTTVALADGSER |
[ EAPETMYR ]
[ LTVTPSHPLFVAGSHGPDAVR ]

BkiBB 82

[ TLEAGKCPNGHVSYPTHPR ]

[ VVTWTHSTATPPGVR ]

[ QPNTMAIVEFEVDGQAVR ]

[ ALGQVTTDDIETGDVVEPVYV ][ EELRDPEVGIK ]
[ APESQSWDGYR ]

PhaP 21

[ RSIEQSOQR ]
[ SMHQGI EFQK
[ SYFEMMDSSVPGDNR ]

Hbt21 13

[ GTGK ]
[ LTVTPSHPLFVAGSHGPDAVR ]

BkiBp 82

[ TLEAGKCPNGHVSYPTHPR ]

[ VVTWTHSTATPPGVR] [ QPNTMAIVEFEVDGQAVR ]
[ ALGQVTTDDIETGDVVEPVYV ] [ EELRDPEVGIK ]

[ APESQSWDGYR ]

3 706 PhaP 21

[ RSIEQSQR ]
[ SMHQGI EFQK |
[ SYFEMMDSSVPGDNR ]

Hbt21 24

[ GTGK ]

[ GDTTVALADGSER ]

[ EAPETMYR]

[ LTVTPSHPLFVAGSHGPDAVR ]
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Development of PhaP-tagged protein expression and
purification systems for extremely halophilic archaea

Jinhua Wu'*?, Shuangfeng Cai'*, Hailong Liu', Jing Hou'?, Jing Han', Jian Zhou',
Hua Xiang'

' State Key Laboratory of Microbial Resources, Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101,
China
? University of Chinese Academy of Sciences, Beijing 100049, China

Abstract:[ Objective ]| To establish a convenient halophilic protein expression and purification system based on the
haloarchaeal-type PhaP and polyhydroxyalkanoate (PHA) granule. [ Methods] We cloned a strong haloarchaeal promoter
and the phaP-tag into the haloarchaea- Escherichia coli shuttle vector pWL502, and then used the constructed vector to
express the PhaP-tagged haloarchaeal proteins in the phaP-deleted strain Haloferax mediterranei AphaP. We purified the
PhaP-fusion proteins, which were associated with PHA granules, by sucrose density gradient centrifugation. We also
inserted a haloarchaeal intein-containing fragment between phaP and multiple cloning sites, and modulated the intein
splicing activity by site-directed mutagenesis. [ Results] We successfully constructed two expression vectors, pPM and
pIP, in which PhaP was used as N-terminal and C-terminal fusion tag, respectively. The haloarchaeal proteins were
effectively expressed by both vectors. The PhaP-tagged proteins were easily purified through the strategy of PHA granule-
mediated protein purification. In addition, we found that the intein-containing fragment Hbt21 from Halobacterium sp.
NRC-1 had maintained splicing activity in H. mediterranei, and its C-terminal cleavage could be blocked or attenuated by
mutating the conserved asparagine ( N182) or serine ( S183), respectively. [ Conclusion ] We have established a
convenient and economical halophilic protein expression and purification system. We have also identified the splicing
active sites of a haloarchaeal intein, which showed potential for removing the PhaP-tag from the purified proteins.
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