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Design and construction of hydrophobic ELP genes library

LI Jun-Ming® ZHANG Li-Chao® GE Gao-Shun?

XU Chong-Bo?>”  HU Xue-Jun®

LIN Heng'?

(1. College of Life Science and Technology, Dalian University, Dalian, Liaoning 116622, China)
(2. Medical College, Dalian University, Dalian, Liaoning 116622, China)

Abstract: [Objective] To design and synthesis encoding hydrophobic ELP genes and construct
ELP genes library. [Methods] The highest hydrophobic Ile(l) amino acid (hydrophobic pa-
rameters: 4.5) was chosen to replace the guest residues X of ELP pentapeptide repeat serial
units building block (VPGXG);o and the encoding block fragment was synthesized, flanking
with a Dra III and Bgl I sites at upstream and downstream respectively. The Dra III and Bgl
I were designed as a pair of isocaudamer for recursive directional clone to construct the ELP
genes library. To confirm that the ELP library was constructed properly, the ELP[I]so gene was
randomly chosen to be expressed. The T; of purified ELP[I]so was detected via turbidity
changing at ODgzso. [Results] The ELP genes library containing the ELP[I], (n=10, 20, 30, 40,
50, 60, 70, 80, 90, 100, 110, 120) was successfully constructed. The library was confirmed by
expression of ELP[l]so gene, protein purification by inverse transition cycling. The T; of
ELP[l]so was 24.3 °C. [Conclusion] In order to increase the number of hydrophobic amino
acids in ELP, the lle(l) was chosen as a guest amino acid, the foundation for further screening
ELP tag was builded up to get proper recombinant tag with smaller molecular weight, high
levels expression, and low phase transition temperature.

Keywords: Elastin-like protein, lle, Isocaudarner, Recursive directional ligation

i 1 (Elastin-like polypeptide, ELP)J2
1 LK & 7 51 BT (VPGXG) A T A B i 41
Z K, Hh & R X 0] LU BRIf i LIS MO AT
MR SR o U ELP &b Tk B e, —
fietE 20-330 Z AN, ATRGEE AR, AT
B BAFHE BE R ELP SE08 A BEP, (A5
77 ¥k 2 58 ] 72 [ (Recursive directional ligation,
RDL)E ™,

ELP H AR S nl A A B, JF H
ELP A2 AR AT X FvRRpER, M
fICT T, ELP DABEHLAY AL 08 TR -

G T Ty, ELP 2RERIF MUK T,
AR R SE T, TS IR AR B T, LA
T, ELP XA dHiE e 10, k] WM AR R
(Inverse transition cycling, ITC)Z )5, Wirl LM
FHR AW s o 2 ELP Bl & o X
ek aifb A E Ak, BAHORER
AEEE . AR 5T R

WA ELP pr%aF iR, T @5 °C
i), BIAREHEA SR E I, &
WFFEARIE ELP Rt FE—E JE N K P 5L R
SR, TN, ELP 8 KA, TR, 40Hr
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T 20 FhE DLEFLRRIMETK S8, SR T Bk
SR A He(DEUR X, sl ELP g K 2 5L
MR i, B Teo RE M 5ERE ELP[I], (n=10. 20,
30. 40, 50, 60, 70. 80, 90, 100, 110, 120)
B, g7 ELP FERHE, AifiERA RS . T,
K. 43 THE/NY ELP AREE2EE RLfl

1 MEEHE
1.1 EHRFRHL
S5 T R TR R ORI 1,
1.2 EEZKFIFLEE
R N VIS Xba 1 . BamH T | Bgl I |

XhoT . Ncol . T4 DNA ##%f. T4 DNA B4
fitf . B BEAREE(BAP) . DL2000 DNA Marker &
IPTG, TaKaRa 2> wl; FRAPEANUIEE Dra Il 1 kb
DNA Ladder, PageRuler™ Prestained Protein
Ladder, Fermentas /A F]; DNA KB Ladder, Gen-
Script 23 #]; AxyPrep Jfiki DNA /NI .
AxyPrep DNA EEfZ [R5, Axygen Biosci-
ences /A rl; Taq DNA H4&E. Tryptone, Yeast
Extract, SfL#N. BUIEK . HER . R RIRE
2, B TAYTR(EE)ARA, DYY-6C #H
UKAX. DYCP-31E BRI IKAY, Jbntiizs—IUas)
TC-512 #1 PCR A%, LtHERHE (FeE)A R Al

F= 1 EPRFORRRL

Table 1 Bacterial strains and plasmids

BB HITTR 44 i FEfE Kl
Strains and plasmids Characteristic Source
E. coli IM109 Host of plasmids TaKaRa
E. coli BLR(DES3) Host of plasmids Novagen
pAK400 Cloning vector, Cm' IERAE Plueckthun A 045 B
pPICZB Carrying a cloned segment of required, Zeocin' Invitrogen
pET28(+) Expression vector, Kan' Novagen
pUCS7/ELP[1]10 Cloning and sequencing vector, carrying ELP[I];0, Amp"  GenScript
pAK400/406 Cloning vector, Cm’ This study
pAK400LH Cloning vector, Cm’ This study
pAK400LH/ELP[1]19 Cloning and sequencing vector, carrying ELP[I];o, Cm"  This study
pPAK400LH/ELP[1]2 Cloning and sequencing vector, carrying ELP[I],, Cm"  This study
pAK400LH/ELP[1]39 Cloning and sequencing vector, carrying ELP[I]z, Cm"  This study
PAK400LH/ELP[1]49 Cloning and sequencing vector, carrying ELP[I]s, Cm"  This study
pAK400LH/ELP[1]s0 Cloning and sequencing vector, carrying ELP[I]sop, Cm"  This study
pAK400LH/ELP[1]eo Cloning and sequencing vector, carrying ELP[I]eo, Cm"  This study
pAK400LH/ELP[1]7o Cloning and sequencing vector, carrying ELP[I],o, Cm"  This study
pPAK400LH/ELP[1]go Cloning and sequencing vector, carrying ELP[I]g, Cm"  This study
pAK400LH/ELP[1]gg Cloning and sequencing vector, carrying ELP[I]op, Cm"  This study
pAK400LH/ELP[I]109 Cloning and sequencing vector, carrying ELP[I]100, Cm"  This study
pAKA400LH/ELP[I]110 Cloning and sequencing vector, carrying ELP[I]150, Cm"  This study
pAKA400LH/ELP[I]129 Cloning and sequencing vector, carrying ELP[I]120, Cm"  This study
pET28(+)/ELP[I]s50 Cloning and sequencing vector, carrying ELP[I]so, Kan"  This study
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FR-110 BUSAMrpre s, HigE HRHCARA
F]; UVP GDS-8000 %4hEE & R4, K
UVP /A #]; Gel Doc™ EZ imager BEi% 15 24t
Bio-Rad /A #); Multiskan GO i #5{%, Thermo 2y

Al GIZFCAE LAY TR (R A BR A W AL,

HAP 4lifk
1.3 SRR pAK400LH RYFIE

i T3k pAK400 I #4 #> Dra TP
M, H—AMFAET Xba 1 filBamH [ Z[f], A&
sk TAE; 55 —/MF7ET Xba 1 F1 BamH I 4k
], 2xsgmasifE TAE, ARSCERH A Bog#e 5 a1
AR IR, IMBREAAR pAK400 I-1Y Dra IIHED]
B, BT TS B2 0] e b T A
1.31 KB E#R: Xbal/BamH [ XU VI 45 1k
PAK400 5 Jfkr pPICZB., XY Fk: pPICZB 5
FK/NH 406 bp (9 H A9 - BL, 7F T4 DNA 4
YER T B 5L 53k i B4z, 8 Wi
fEA E. coli IM109 J&3z A 40, i LB/ICm
(34 mg/L) - Hx 0 o PH M 50 B, A5 3 T 4L ORL
PAK400/406 , X} 5 41 Jit B pAK400/406 i 17
Xba I /BamH T XRG4 2 ; L BHME bk 2
At 4 g A R A FR A w A T P 250
1.32 ST Dra 1158 U] 745 3 £ 11k
pAK400/406, %1 3-sse th iRl A i, FIH T4
DNA B4 3'—5 DNA SIS R S ]
-, flidet: DNA R BoR i -1k 7E T4 DNA i%
EME T AT A B, EETYRA

Nco 1 (8)

E.coli JM109 &7 2 40 ML, 15 %) 5 4 Jit ki
PAK400LH . X 8 40 Jfiki pAK40OLH #£47 Dra III
AT S T R 2
1.4 ELP BHRiItSEREEK

SERTT 20 P WA SR M BK S5k, ST
BRI He(l) (/K SE 4.5) 0% ELP Fik
HEFHIHIC(VPCXG) I & HEFR L X, gy
i ELP rhmiK MR &, FEIK T ZEH0RS
malmAEMPEARA A G N - BE
(VPGIG),o 7 ELP PTG, #47EA pUCE?
=, Bl pUCS7/ELP[I]y, F%%1LA E. coli TOP10 /&
ZAHNL . o ELP BT & B DI S UL 1,
1.5 ELP EFFERIHIE
151 pAKA400LH/ELP[I], H95EFE: Xba I /BamH I
XU 5ORE pUCST/ELP[1]10-5 SEREZA pAKAOOLH,
1F T4 DNA ZEHE A T 6 B N 5 84k 7 Bt
WATIESE, ERET YL E. coli IM109 J&3Z 2
YA, WS HIrERY LB/ICm (34 mg/L) AR i H
PEvopE, 152 &4 Tkl pAK400LH/ELP[1]100
1.5.2 pAK400LH/ELP[l], #52F£: Dra I11/Bgl |
XU Y] pAKAOOLH/ELP[I], 75 %) H fY 3
ELP[1]:0; Bgl T i) 15 2] 4 P fk pAK400LH/
ELP[I]10, B 1261 DNA A B3 L, FImEws
R (BAP) LR A DNA F B 5/- R IR i
TF T4 DNA ZEHE T 6 B N 5 8k 7 Bt
B, TR A CE. coli IM109 B2 2541,
5.3 8 24 ok pAK400LH/ELP[1]0. 7F Tag DNA

Xho 1 (241)

Bgl 1 (195) BamH | (247)

ELP'f.7C ELP block

251 bp

1 XeMER®ST
Fig.1 ELP block
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REBEHT, FIHS14 pAK4AOOLH-F (5'-CTC
GTATGTTGTGTGGAATTG-3") Hl pAK400LH-R
(5-CGCTTAATGCGCCGCTACAG-3') i 17 1 7%
PCR %5, Wik iR L+

1.5.3 pAK400LH/ELP[I], (n=30. 40. 50. 60.
70. 80. 90. 100. 110. 120)B95=B&: FIfH 1.5.2

779453 W 5E 8 ELP[1]10 1] pAK4OOLH/ELP[1]20
vi R, 1% 3 HE 4 BT B pAKAOOLH/ELP[I]5;
ELP[1]20 1] pPAK400LH/ELP[1]5 5 k5, 7551 820 Ji
%I pAK400LH/ELP[1]s; ELP[l]30 [l pAK400LH/
ELP[1]o0 vk, 1530 R pAK400LH/ELP[1]s0;
ELP[1]ao ] pAKA0OLH/ELP[I]o0 FEfE, 1532 HLLH 5
ki pAK400LH/ELP[1]eo; ELP[1]40 [l pAK400LH/
ELP[I]5 5k, 155 EL i pAKA0OLH/ELP[1]70;
ELP[1]s0 [1] pPAKA0OLH/ELP[1]5 5, 75331 2H it
ki pAK400LH/ELP[I]go; ELP[l]50 7] pAK400LH/

ELP[I]4 ek, 153IE L5k, pAKA0OLH/ELP[1]g;
ELP[1]eo [7] pPAKAOOLH/ELP[1]4 5e i, 1531 H 2H i
#i pAK400LH/ELP[1]100; ELP[l]s0 1] pAK400LH/
ELP[1]eo o K&, 75 %I & 41 i ki pAK400LH/
ELP[1]uo0; ELP[l]eo M pAKA400LH/ELP[I]go HeF%,
A3 F4H Tkl pAKA0OLH/ELP[1]120; X R £H i
ST PCR IfivE . B4 A7 4508 .
E ] e PN B EILIE 2,

1.6 EEEBHMHEEE

1.6.1 FHFRIEFRKL pET28(+)/ELP[I]s0 BIFEE:
TS s RS Y A IR A . SRR SRR L W]
DLVIE W Rk, BEALIEHCZE H ELP[I]s 2 K 76
Nco I /Xho T 13 s v [ 31| S ih 2 & pET28(+) |,
9.3 8 2 ok pET28(+)/ELP[1]s00

1.6.2 FHEFRKETE: LI EIHEN R TR
23 AF N A BIR T P D ) By 25

Xbal  Dralll Bgll  BamH 1 Xba |
| | BamH 1
(VPGIG),, pAK400LH|
BT < Xba 1/BamH 1 |
Ligatcl{ Yba 1
Dralll

Dralll (=) BglI(-)
Dra lll/Bgl |

(VPGIG),

(VPGIG),

pAK400LH/
ELP[1],,

BamH |

Xba |
Dra1ll
Bgl1(-)
BamH |

2 ELPEAEmE=ETREE
Fig. 2 Schematic of cloning of ELP genes via RDL

T = BAHXS I A,
Note: —: The corresponding cleavage.
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1.6.3 ELP[llsFRiES5 41k K pET28(+)/ELP[1]s0
#4k A E. coli BLR (DE3)EZ 441/, 7£ LB/Kan
(50 mg/L) VAR HRHUCA T P 2R 21 5 mL LB 35575k
W1, 37 °C. 220 r/min #EHEFRISR . RIGHE 1%
FER RSS2 250 mL iRy LB Bigadkrh, X4
ODgoo # 0.6-0.8 Hf, A IPTG AWK K
0.1 mmol/L, 25 °C #7553 h,3 600 r/min Z5.> 6 min
WAER R, TS H) PBS MREA—IK, FEET
PBS 1, B kil mnkie, M ITC HoR4ifk
HH, BT SDS-PAGE 70HT o

164 ELP[l]so EBEES5HETEEMNE: HT
PRFRE R E R MR . TN ODaso I K{HM—F
I BT AR RE DA W 16 °C—32 °C ELP[I]so
YR E R 25 pmol/L 1Y PBS AT 7E I K 7 350 nm
SRS, FHEH S 1 °C/10 min,

2 GR59H

2.1 TEFEHIK pAK40OLH RYFIE

ASLEK Dra M1/Bgl 1 3tk — %t w2 i,
#EAT ELP F By msefE, BRI Xbal/
BamH [ ¥ (VPGIG)o W re R sk A, i T#k
& pAK400 &4 Wi Dra TIEEUIN &5, SH—A4>
FEAET Xoba I F1 BamH I BIANEEVIN S22 0], A
SIS B AT T IR s A
M, sz ™ —L 5 TAE. Dra HIEREGFIZE
& pAK400, 155 K/NH 285 bp A BL, BT %
FREE A Dra TSI 55, A% 5256 XF J 48 44
PAK400 HATEME, P T efEzk Ak pAK400LH,
AT A BUE s, A Xba T AlBamH T, BE#E
ki pPICZB, X134k pAKA400 FEFT4H— B4,
FEERES —A> Dra 1B YA £1, 153 540 Bk:
PAK400/406 (&l 3); *FHZH ik pAK400/406 |-
A M—A Dra 1IEFYIA 478, Dra T
fifi) pAK400/406 ffi H4 Ak, FIH T4 DNA ¥
A 3'—5 DNA SMIIEEG M, ¥ 3-umse i

R A iy 1S, TS T vE PR AR pAK400LH
(K 4).
22 ELP BRIt 5SEEEK

A B 28 & BRI ELP rhigik M2 R me &
i R ARFFRRERE T ORRIVRE R
T RO, MSAFRE NI ELP 19
Tio ALK ELP B /K2R & & L FRAIR T
Ve FH B K s 14 Ne()HUC ELP ik & & 751
HIT(VPGXG) Iy & sk &L X, &It T —B

bp Ml 1 2 3 M2 bp

5000
3000
2000
1000
750
500

250

3 pAKA400/406 T2 i iAE
Fig. 3 Construction of the vector of pAK400/406
7E: M1: DL2000 DNA marker; 1: Xba I /BamH I XfifF 1]

PAK400; 2: Xba I /BamH 1 X pPICZB; 3: Xba I /BamH |
XU pAKA400/406; M2: 1 kb DNA ladder.

Note: M1: DL2000 DNA marker; 1: Xba [ /BamH I double
digested pAK400; 2: Xba [ /BamH I double digested
pPICZB; 3: Xba I /BamH I double digested pAK400/406;
M2: 1 kb DNA ladder.

bp Ml 1 2 3 M2 bp

5000

3000

2000 2000
500
250

4 pAKA400LH 7€ =) 7z b £ i+ 12

Fig. 4 The construction of RDL cloning vector
pAK400LH

E: M1: DL2000 DNA marker; 1: Dra I/ pAK400; 2:
Dra II#AE] pAK400/406; 3: Dra LA pAKAOOLH;
M2: 1 kb DNA ladder.

Note: M1: DL2000 DNA marker; 1: The Dra III single
digested pAK400; 2: The Dra III single digested pAK400/406;
3: The Dra III single digested pAK400LH; M2: 1 kb DNA
ladder.
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(VPGIG)y, J¥5I1) ELP PG, ELP BATC IS
Xba I #1 Dra IIMAEEINL, FUFS Bgl T A0
BamH T Pi-MEGDIA 15, o AR 4% Dra T Bgl T 7] LA
H ERIHag e, R —xf R R, 6Ok
JE ]y ELP BT, BARPUNN S P WA 5,
2.3 ELP EFFErIE

FIFH Dra IR Bgl T #E47 ELP[I], 22 7 5
HEYEEK FH Dra 111/Bgl I AUEHISE], ik B
F Bl 1 BAEEDII FH BB R I (BAP) LBk 5K
VR LIS 3 . 7F T4 DNA S RFHEH ;K H Y
SN 53 R BO T4 . 24 Dra ITEFYIES 1Y
Ktk v 5 Bol T g U)EE ARG A it 14 422 15
P T PN BEDT 7 5 0 BSOS R, AT LA

Dra lll recognition sites

5'..CACNNNGTG..3' Designedas 5'..CACGGCGTG..3'
37.GTGNNNCAC..5' —  *3".GTGCCGCAC..5'

Bgl [ recognition sites

5 .GCCNNNNNGGC...5'Designed as 5"...GCCGGGCGGGC...3'
3"..CGGNNNNNCCG..3"— *3..CGGCCCGCCCG.. 5"

E5 REMLSTEE

Fig. 5 Demonstration of isocaudarner enzyme sites
Recognition sites

HN: AT

Note: N: Any base.

bp MI 1 2 3 4 5 6

2000

1000
750

500

250
100

7 & 9 10 11

T 5 WB T SIASRE R P IR o B i Y B 20
ok R4 —A Dra HHRBI7 4, —4~ Bgl 11
FIL s, dREL TPk R TR — DRI
ELP[1], (30<sn<120)/& &, W] LALEFHMMIKHS
DUELP K i Z R &Ik G 1 T ek fiF,
TR, FATERE T RS R0 B A3 R Rk
1K, IR 153 RRgsaHS Tk,
T f i B R R EE T ELP JER %, ELP JEH %
Xba I /BamH T W] % 45 58 ULIE 6,

24 BEFEEBYMHETE

2.4.1 EHRFIEFHR pET28(+)/ELP[1]s BIFIE:
Nco I /Xho T )48 5E pET28(+)/ELP[1]s0 (1 7),
SEEMFEER, RUFARMWEIER . H T
2 35 PR A TR AR A, I B S 2 35 PR e A
MR

2.4.2 ELP[l]so &ik. G RETERE: £ 31
ITC 4fifk 1. SDS-PAGE ZMr2M14 3 % ITC
afifb15 %] T ELP[l]s £l H; Gel Doc™ EZ
imager #ERBUR R G TR, SR IL 95%
(Kl 8). ULEH ELP[I]so ZEFIERA L, HHFRIEM
AR BURL . 2805E, ELP[1]s 7E 25 pumol/L
I Tk 24.3 °C (181 9).

12 M2 bp

4000
3000
2000

1 000
500

6 ELP EREF Xba I /BamH I WEGHI%E
Fig. 6 Xba I /BamH I double digestion verify ELP[1],
E: M1: DL2000 DNA marker; M2: DNA KB marker; 1-12: Xba I /BamH I 3] pAK400LH/ELP[I], (n=10, 20, 30, 40. 50,

60, 70, 80, 90. 100, 110, 120).

Note: M1: DL2000 DNA marker; M2: DNA KB marker; 1-12: Xba I /BamH I double digested pAK400LH/ELPII], (n=10, 20, 30,

40, 50, 60, 70, 80, 90, 100, 110, 120).
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bp M 1

6 000 st

1 000
750

7 Nco [ /Xho I SEGHIYEE pET28(+)/ELP[I]5
Fig. 7 Nco I /Xho I  double digestion verify
PET28(+)/ELP[I]s0

@ M: 1 kb DNA ladder; 1:
PET28(+)/ELP[I]so.

Note: M: 1 kb DNA ladder; 1: Nco I /Xho I double digested
PET28(+)/ELP[I]so.

kb M 1 2 3

Nco [ /Xho T XX fif§ 4]

-

8 ELP[I]s B9FRIZES 41k

Fig. 8 Expression and purification of the ELP[I]s,

1 M: Prestained protein ladder; 1: FHSRiMEN:; 2: BSE
SR 30 4 35 ITC 1351 ELP[1]so 2185 1.

Note: M: Prestained protein ladder; 1: Total proteins before

induction; 2: Total proteins after induction; 3: The purified
ELP[l]s, after three rounds ITC.

1.0

e
o
T

e
N
T

N
~

Relatively turbidity (4ss)

<
o

15 20 25 30 35
Temperature (°C)

0.0

-

9 & 25 pmol/L B9 ELP[I]s PBS iA&GRERE S
BEXR

Fig. 9 Turbidity profiles for 25 pmol/L ELP[l]s, con-
centration in PBS

3 ik

ELP 15 An4% B 2 iCh 5 20 2 11 53 15 Sl A A
FEHGEIEM . A 1) ELP R TR KR (E D
n=60, A fEMHASHM TP, T 8E@45 °C £
), BooRMEARE, BFEHE—X ELP
FRAEITIAL, $2m ELP ARESHYE TG, vE#e
IERY ELP FREZXT H 8 H 5 B ik A sl
R LHEE, HIRATME T ELP[I], (n=10. 20,
30, 40, 50, 60, 70. 80. 90, 100, 110, 120)
2R FE R

I FEHLE R ELP[1]so 3R Feik 45 3
W, Fria ) ELP SEP R LA L R A . S
SERE . AT DLERGRIR, Friga i T LUH T
i —H ik ELP AR,

AMHFEIERE Ne()VE R % FE AR FE LR . %%
IR ELP gk M2 5 & i, R T 38
it ELP[I]so B A TMEMFIE R, FE5r T A0
IO T, BATEGTHAY ELP[I3E R r ik ELP
B TR EL, PRV, ELP BlGHE A5A
TR RN, AT T ERAE A B ik, A
FE AL ELP[I], (=10, 20, 30, 40. 50, 60,
70, 80, 90, 100, 110, 120), Mflfk ELP #3%%
BEESLA

2 % X W
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