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Preparation and Crystallographic Studies of Recombinant
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Abstract: Human serum albumin (HSA),the most abundant protein in plasma,with functions of
regulating blood protein,fatty acids,hormones,drugs,and representing the main determinant of
plasma oncotic pressure,providing a depot and carrier for many endogenous and exogenous
compounds. The engineering pichia pastorios GSIS/pPICIK —rHSA was fermented by 50 L
fermentor. Highly purified rHSA was separated from fermentation supernatant by ultra filter, Blue
sepharose affinity chromatography , Phenyl sepharose hydrophobic chromatography and SP sepharose

ion exchange chromatography purification.Eventually the purity of rHSA can reach more than

W B 2014-01-03

ESWA . HRX A KRR ARSI H (81273437),

*BEEE: & R1960—), B VLI, B BOR MW A 0, AR AR A T 25 5 e £ 2 1 245 LR 75
B WF5E . E-mail :jinjian31@126.com

LHSEHRASIL 2015 FE 4 EE 2



RESEARCH ARTICLE

CHEN Yun,et al: Preparation and Crystallographic Studies of Recombinant

Human Serum Albumin in Pichia pastoris

99.9%. Through screening crystallization conditions of rHSA ,five conditions with precipitant of PEG
1500,PEG 3350,PEG 6000,MPEG 2000 and MPEG 5000 were obtained. The ecrystallization
condition was hydrophobic and without strong reductant like DTT. Crystals of tHSA and pHSA with

precipitant of MPEG 2000 were best for X ray diffraction , respectively the resolution were 3.4 A and
3.1 A. Crystal structure of rHSA and pHSA were the same as a whole that obtained through

molecular displacement method. The results provided reliable basis and foundation for the clinical

application of rTHSA and crystal structure study of HSA fusion proteins.

Keywords: human serum albumin, purification, crystallization , crystal structure ,fusion protein
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3K, HAETH LA HSA F 2RI T ALK (plasma
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1.1 #

111 XA BRI H GE A F);BCA AW
B 38 65 . W [ Thermo Fisher 23wl ; [ RE ¥y (R
F PR JC & SE R B B AU (YNB) Wl [ b ¥ A= TR
Y TR R MR 55 A BRA W) 5 85 5T 45 24 0 22 1k
7 & . H Hampton Fl Emerald Biosystems 23 A ;
b iR A K IR W [ Sigma 24 A

1.1.2 B 50 LARERE . iR M4AY) RS TR
A PR 7 i s Himae CR22G 11 3 A %R 85 0 AL . H
A Hitachi ( H 57.) 28 ®] 7* fit ; Akta FPLC F 4t . 52 [
GE;Biorad MUk %4t : 92 EA 2k ; HPLC M Al &R 4t
GHE 1100 251 ; Leica DFC295 Y2 ik B

1.1.3 @ A B SR B T E Pichia pastoris
GSII5/pPICOK—THSA : H1 VTR K 2% 24 2% 5t 43 ¥ 24 3L
U A ALRAE

1.2 7k

121 FTH@EAELE K-80 CHIEA Pichia
pastoris GSII5/pPICOK —rHSA 7E YPD “F 4% I % £k |
30 CHE 3% 48 h, PRI TR V& 4 M T3 A 100 mL
YPD i) 500 mL =i ,30 °C .200 r/min 5537 24 h
KA NER— R B — DR TR FR I L 5% 4
PR FUy B3 A0 T 1 L BMGY 5537 35,30 °C .200
r/min ¥i 3% 24 h 7247 AR ZRAN T R B
FEW LA 5% 1 45 A R B B2 F0 T 20 L BMGY H5
FHA 50 L K MEEE |30 °C 600 r/min 1 vvm 3 S,
it pH 6.0 K EEREF7, ¥ U S S TE S R L B
I3 s R ARG T 1% 00 W B 5 3808 A S
T N 28 °C,i155 60 h,

122 #iER%  KBEEWZ S 8 000 r/min,30 min
BB LRE LB, LERE 0.22 pm fFLIE
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o, % BAMHARAARRGEAALE O R GGHE BT K FE S

5, ff H Millipore 8 A, #K% B4 AH X 70+ it i
10 000 fE4 ¥k 45 20 £% .

1.2.3 Blue Sepharose 6 Fast Flow 47 ~FH# A .
100 mmol/L. NaCl,25 mmol/L. KPB,pH 7.2; ¥t i #
B:2 mol/L NaCl,25 mmol/L. KPB,pH 7.2, 15 &
AL pH, A WO AT IS AR IR IS 2301
30% B,60% B #190% B #BEVEM, YHEAE 280 nm
DEAS TN

1.2.4 Phenyl Sepharose 6 Fast Flow &# V-
A:1 mol/L(NH,),S0,,25 mmol/L. NaAC,pH 4.6; /i
W B:25 mmol/L NaAC,pH 4.6, _FiR#E 5 JH L S
pH 1, A WA Ja EAE R Ue A s, 730 LL 40% B
F1100% B A% BEUEE , W HE £ 280 nm 2 1 B IL
e

1.2.5 SP Sepharose 6 Fast Flow E#7 i A.
100 mmol/L, NaCl,50 mmol/L. NaAC,pH 4.6 ; ¥t Jiit &
B:1 mol/L. NaCl,50 mmol/L. NaAC,pH 4.6, [ iR i
P HL A pH, A WP S EAE RVES A S 43 LA
15% B 1 30% B H Ve, W1 280 nm T H
JoE R A U

1.2.6 #iE# % H millipore 50 mL A %4> F i
i 10 000 148 8 B0 8,4 000 r/min HUEVR S, 5
B MR, R 2 rHSA FE SR AFTE 150 mmol/L
NaCl,25 mmol/L. Tris pH 7.2 B 3% b 2% vh i, 59
AT =80 C,

127 ZGREFHEALESH  RH BCA iKF
SN B A, H HPLC 43 AT kil rHSA 9 46
B R H Agilent 1100 ARG GE R85, ik 50k @4
7% 4% 4 DELTA PAK 5F C18 300 A (3.9 mmx150
ram) , it 81 AR SN 17K/ =5 2.1 (80/20/0.05 ) , 1
Wt 0.8 mL/min,SPD-10 AV 24N &5, 5 A
Wk hy 220 nm,, X35 E TS A W R AT AR B
H o A 0 TR B TET R ) bl BRI OR RE A
rHSA B2

1.2.8 rHSA # &8 2 447 rHSA B T % i
B — A, J5 480 m DTT 1A jm DTT # 47 SDS-
PAGE,

1.2.9 rHSA % & % ah &40 h ik | PEAL RAT ST 2R
MCAE AR R A O R SR JBCAR T SR T 1 |
JH Hampton 2 # 4= 7 Y Crystal Screen ,Crystal
Screen 2 Index Screen Crystal Screen Cryo ,Crystal
Screen Lite MembFac Natrix SaltRx SaltRx 2 . PEG/

Ion Screen PEG/lon Screen 2 Quik Screen Grid
Screen Ammonium Sulfate \Grid Screen MPD Grid
Screen Chloride .Grid ~ Screen
Malonate .Grid Screen PEG 6000 #1 Grid Screen
PEG/LiCl i 7] & } Emerald Biosystems 2% 7] 4= 7 [

WizardTM I matrix macromolecule screen ,WizardTM

Sodium Sodium

II matrix macromolecule screen . .WizardTM III matrix
macromolecule screen ,WizardTM IV matrix macro —
molecule screen CryoTM 1 matrix macromolecule
screen J CryoTM 1II matrix macromolecule screen iz
A g3 1036 4~ 51T %, >R H] Hampton 23 v
A2 24 FLARTR S5 Al AR, T 300 WL, £ S
WLy 121, T 22 “CAR L IF @ 2 57 @, B 48 /i
WLEE— U TEWI T 07 126 0 1 2% R A b i o i
TUVE R W BE 52 v ik B 2% P pHL R 1 Ik B O
254 PEG kit & Additive 50 & 247040, SR ATE
B BT R 20 8 G b O AT x B AT S B B
W A2 Ak B

RELER

2.1 Blue Sepharose 6 Fast Flow ZE

Blue Sepharose 6 Fast Flow J&— fj YLt} 2% Fil 2
Praveh, TS AEABA 2 RMEET If
HIEAFAE—E W8 7 2SR fE 0, NTDRE 2% 8 1 o 5
HA&E A B4 5 . 100 mmol/L NaCl,25 mmol/L
KPB pH 7.2 V-5 Z¢ th V- 5, B REAR 4 19
fffF Blue Sepharose 6 FF I, WiZFI& 1 ¥ A B
v AR H bR E B, 30%B Yk LA
P H A& A B (E 1 (a) R IE 2) ,60% B Al 90%
B RS BN A 0 (] 1 (a) P RYIE 3 71 4),
2.2 Phenyl Sepharose 6 Fast Flow = #7

M Blue Sepharose affinity chromatography I £
BRWAES, TSARGKENE, £ Phenyl
Sepharose hydrophobic chromatography AJ DA ik ] B
R, DL & SP Sepharose ion —exchange
chromatography 1y # — 2 4l & . 55 4b  Blue
Sepharose affinity chromatography W £ 15 21| (1) #£
58K & AR o A 3R WO 2 A & O TR 3 {4 Phenyl
Sepharose hydrophobic chromatography T L4 ik ] B
ORI, 40% B YELIE (&1 2 (a) i 08 2) Wi 5
SV WY B IR B 5, ,100% B YR R4S 2 H Y R
FgE (K 2(a) FAYIE 2)
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peak 3;5:90% B VR LEMEUE (A :peak 4)
B 1 rHSA # Blue ZFEN AL R EE
Fig. 1 Purification of rHSA by Blue sepharose dye affinity chromatography and identification
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M ;A A X 20 J5T ot 2K 5T 5 1: Blue YeRESE FZHT 30%B 008 W6 T 5 2 « 2K L5 7K 2 0T - 85 2% vl g vk e 0 5 3 . 2K 3£ i /K JZ AT 40%
B W VeV (A cpeak 1) ,4: R FEBR K EHT 100%B WP BLIE (A :peak 2)
& 2 rHSA # Phenyl Bi7/kK EHH R EE

Fig. 2 Purification of rHSA by Phenyl Sepharose hydrophobic chromatography and identification

100

2.3 SP Sepharose 6 Fast Flow /= #T
M\ Phenyl Sepharose hydrophobic chromatography

2.4 rHSA ZiE 5
AR R AL 26 SR H SDS-PAGE #1 HPLC

W15 B R RE A A AR S A DR 2R B BT, 48 SP
Sepharose ion—exchange chromatography RJ DA% 41 Hfi
Bz B A, A B = 4l B 1) rHSA . 15% B YR
2N A R (18] 3 (a) R AYIE 1),30% B BELTT
B H B HE A BT (E 3(a) T 2)

o —uv
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40 Peak 1
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20F
101

0

—— Cond

mAU

WA 7 B A SDS-PAGE 4 46 4k J5 /9 rHSA Hy
— 45 (I 3b) ,HPLC M AA —A~i, n] LLijd B
rHSA A94R8 T3k 99.9% LA I, WLIEl 4, FEW &
H i) THSA SR B3R 43 25 Uy vk AT i AL WS 1 AR
FRARAY 43 B ROR AP G i — P 45 2K

3

M 1 2

Peak 2 116 000

66 200
45 000
35000

25 000

18 400
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BEBLAR/mL
()

14 400

(b)

M bR vfE S T U 5 1 K S5 K2 M 100%B eI ;2 :SP B 738 8 JZ M 30% B PB4 (A :peak 2);3.SP B T35 e 2 4

15% B W& PEMiE (A . peak 1)

B3 rHSA K SP BFXiAHREE
Fig. 3 Purification of rHSA by SP Sepharose ion—exchange chromatography and identification
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Fig. 4 Purity identification of rHSA by HPLC
2.5 rHSA HRBREMESH

D] Ay R 1 DT 45 i 0 R ELRE o 1 2R R A
LT 2 — 5 R, T UG R ORE S i R e
—E M EOR, tHSA A — M iFE nE IR, BT
P, MU T L R A

M SDS-PAGE (ULIEl 5)%1,vHSA 5 J¥ it — %
W BR, A DTT J& nl i 2 BIL A A9 rHSA
AN BARIE RS, ERFR S A rHSA B 28 M i A
10 mmol/L. DTT 435 H A AT

M 1 2

116 000

66 200

45000

M AR AR 6 23 5 Bt i 2 11 BT 12 R DTT A9 rHSA #E 52
JiDTT B9 rHSA B &
B 5 & DTT #ME DTT £4 T rHSA # SDS-PAGE

Fig. 5 SDS-PAGE of rHSA with/without DTT
2.6 rHSA %&£ ik

2P JEULEE 1 036 4> S ¥ A 3 H A iR AR
K, BA— w4, R I ] A & K DOTE 251
W2 B 34 Ul LB S8 OTTE , 128 40 A,
SR TTVE I 5 R AT RE Sy R R A DTT,
2.6.1 BJE SIS PR IR R
ez PR R 22 5G], S BUR R 22 80K TR
JEAEAL T RE 2 DA UTTE . R - Jh 37 226 25 ]
T R T A ] R O R G AR . P IR [A) 0
AR A | A AR AR UITE I S A s 19

T A 2 T AR A 5 R 1

262 & & EEOREERERBERIAN 7B REA
R, MALE T35 a0 tHSA FRHE R 100 mg/ml.
1 TR S I -5 R G N7t of 3 N 1A S
TE

1) CM Sepharose Fast Flow JZ #T B {0 % .
rHSA T Z 456 a5, i BB 7 (2 5 rHSA 45
G282 PuiE ORI AR SR/, ok
[4] #i2 3B ,HSA 7 pH % F 2.7 B}, & extended
conformation;pH 4 T 2.7~4.3 i} 5 /4= # 4 F4H L,
REHA a-helix; 7€ pH Ky 4.3~8.0 B}, 54 # 5 1F
AH A 5 76 pH & T 8.0 B, 2k 25 T #84 a—helix, JZ 1
B — SRR 45 G ) BRanE s R 2 5 HSA
SEEY AT LI AR (HSA A ORI pH 451,
MR R S5 HE G AR L AR,

F 2 rHSA 23 5] # F pH 2.5 A1 pH 3.6 928
MWD JE i CM A AR PEAS [R] pH PR, e AR
A6 pH 7.2 IR 0P 4 Cit B, W4 &
100 mg/mL, He Z B L Z R 2 T A — L%
(0 rHSA 5 9] BT pH 2.5 Al pH 3.6 (428 mh 7
2SN B HOR 4G b SRR A3 3R A

25 JE I Ta) W% AT 8R T B 1 R AR AE K DETE
MG EATUE AL W OE B R R R g R
GO

2) AR CBEDIVEE R (3R [ 2010 b [ 24
MY TE S I3 SR PR ) HSA 9 2F 77 i B KR 2 BT
VE MR e A, WA R 24 UIKR 2 B
DOUE , AR 10 28 B A ML, R A RUAH 4 /) Jit 34 T
REBR 2 Z ., M pH 5.0, 53511 FH 30% 1 50% (1% i
LTEYLYE . A 100 mg/mL W}, 50% & %+ & G
o, ¥EFH 50% & B DT VE R i 0 285 @ A5 1k o 2
] 5, AT SR I AT AR 1 AR A K, DT vE B4 A B
Rl A A OE A R R T R,

2.6.3 DTT DTT b—Fif 5], 5 rHSA #9245 i
SAF B ARy LB AR IMAT 10 mmol/L DTT,
M rHSA A 5A 17 4~ s, Z& KRR DTT 1y m
AR T rHSA 40 F 09 e, iF — 2 530 rHSA 19

M Native PAGE (& 6) %1 ,DTT & 52 #% 38 /9
rHSA 43 F 1 Z i s, S BOLM 2 AR 4k, 45 .
DIVEM G DTT 52/, B DTT M AREIR T
rHSA 70 F 1) Za g, DA 22 85 5 22 00 B 1 bk
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SR, T —hisE 5 1Y (HSA 4 T4 B Al
T B R AR 2 RAK i — 2D I8 W TTTE

7 4 rHSA 7£ KPB Buffer /1t Tris Buffer H1£&
€, rHSA 7E Tris Buffer 12 E il /b i — K, BT LA
4 rHSA R i Jir &k 1) 2 o i 07 2 45 i Ok A, B
20 ) vHSA 45 S 2 LR 1,

1: A& DTT # rHSA Tris 28 0P & # ;2.0 DTT #4) rHSA Tris
L2 WP ;3 RN DTT 19 rHSA 5 9% #0 2% vh ¥ ¢ ;4. n DTT
19 rHSA B R 1 2% vh i W
6 A DTT #1k& DTT £ 4 T rHSA 7 Tris 1 KPB £ 4
% # B9 Native PAGE

Fig. 6 Native PAGE of rHSA in tris buffer and KPB

buffer with/without DTT

#1 rHSA W&EREH
Table 1 Crystallization condition of rHSA

Crystal o, K
Sry %M 4330 ¢/dL PEG 1500 1R, B A 24d
creen ﬁﬁ)a
1|

Index % 1 45:0.1 mol/L. Tris pH %%ﬁg e

85,25 ¢/dL PEG 3350 i

' R I —

Index 41 46:0.1 mol/LL Bis—Tris A%, =ff 54

pH 6.5,20 g/dL. MPEG 5000 A iR

A 47:0.1 mol/L Bis—Tris . ., ...,
Index 65,28 g/dl, MPEG 2000 T FEIR - 3-5d

Grid Screen 4% /4 B6:0.1 mol/L. BICINE

BR A ~5d
PEG 6000 pH 9.0,10 g/dL PEG 6000 & 33

27 HREFGRURLTHEERE

271 AR rHSA WSS AL A SR LA 7,
2772 ArAHEGERE UUVERN PEG 6000 414k
e TR BN, TCkEAT X ray f7 8. DITER A
PEG 1500 Z 00 A5 21 i) 5 S A ME 55 , Jo i 355 Lo
A DLEERI N MPEG 5000 45 1414k 45 31 (1) 2.
M PERIR 2 KT 8.0 A, ULIEHI N PEG 3350 &
RIS B0 SR B 22 KT 4.0 AL UT3Es
i MPEG 2000 2% 14 T 1 {6 15 21 () 5 5 55 B 58—

MR 3.4 AL WTERH MPEG 2000 45144 F 14k 15
F| pHSA B 5330453 70 3R 3.1 A iU,

A:0.1 mol/L Tris pH 8.0,12 g/dL. PEG 6000;B:0.1 mol/L Tris
pH 8.0,26 g/dL. PEG 1500;C:0.1 mol/L. Bis—Tris pH 6.5,17.5
g/dl. MPEG 5000;D:50 mmol/l. KPB pH 7.5,30 g/dL. PEG
3350;E:50 mmol/L. KPB pH 7.5,29.5 g/dL. MPEG 2000
B 7 AEEHET rHSA R EHRERS

Fig. 7 Optimized crystals of rHSA from different condition
2.8 RIKEHIRN

rHSA F1 pHSA #BJ2& o W2EF il 1) — R 1A,
b A = A SR B2 R O TR S 5 SRR
TE Y — B, T8 A S50 LR A TS R R — 2

rHSA-%¢ (%, pHSA- 1 (4,
A:rHSA £549 ;B pHSA 45 # ;C.rHSA 5 pHSA 11454 Hexd
B 8 rHSA 70 pHSA i & s 2544 & 4543 bt 3
Fig. 8 Crystal structure and structure alignment of rHSA
and pHSA

R

W BRI RE R G AR IR  RAT EAL LTE AR
H AU GE o 8 B8 W 46 |, Blue 2% FZHT , Phenyl i 7K
JEHTRN SP 5 122 #e )2 AT 45 21 = 40 B 1) vHSA il i
5 A IR Ve ST G A5 Y rHSA 35 i i AL £ A5 A A
B2 A7 2l DTT A9 a8 S50, EL O 2 HH 17 3 700 43 i)
4 PEG 1500,PEG 3350,PEG 6000, MPEG 5000 7l
MPEG 2000 TR 45 & 4605, DOvE R 3 A L)
15 rHSA (945 f R B s K 5% . T HSA fillG &
P SRS R (8 1, BT L HSA filA 88 11 1 25 L 35
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VE# M oh 35458 7 rHSA (B8 5y, TEVLTER K
MPEG 2000 Y 44 F 3K 45 170 ¥R A 3.4 A (%L
W, SYAMEZAEDITEFR A MPEG 2000 4 414 F IR

PR BN AR, J5 I — T AT RE A O R 5 B AN
2, A7 Al fig T HSA MIXE TR ROR,
1M HSA F R0 A AR, 1 A HSA bR P98 43 1
HEREEAS B B 38 2o 4y o 4 3 A5 3 cHSA R
pHSA [ AR L5 AL, 28 FE G0 8 1) S5 4 SE A AL
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