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Design and expression of FGF23 inhibitor in Pichia pastoris
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Abstract: Hypophosphatemia is a common metabolism disease in humans. Fibroblast growth factor 23
(FGF23) inhibits phosphate reabsorption by targeting on the renal tubules. FGF23°*! contains 73 amino acids from
C-terminus of FGF23, serves as an inhibitor of FGF23, and can increase phosphate reabsorption. Therefore,
FGF23%*! js an important drug for hypophosphatemia. In this paper, we constructed a fusion protein of FGF23¢!
with HSA, and investigated the expression of the fusion protein in the Pichia pastoris system. The recombinant
gene was constructed by fusion PCR. A high-yield strain was selected by G418 resistance and fermentation yield,
and the expression yield was 43.7 mg - L in flask. In 5 L fermenters, the highest expression yield could reach
265.6 mg - L. FGF23%%-HSA could be used as an inhibitor for FGF23, and could significantly increase blood
phosphorus levels in rats. The procedures for care and use of animals were approved by the Ethics Committee of
YiChun University. This paper provided a basis research for further studying physiological activity of FGF23¢!-
HSA.
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Table 1 List of primers for amplification target gene
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Ji FGF23¢il-Fc 1] DL 2 Hb 91 i) FGF23 [ 25 4 % %
PEB, NS 2 (human serum albumin, HSA) #&
NG ) F R A, FHS NRRAE P T
JEPEAR R A ) Z WA, aEAmE
W5 B 40 90 AR TF IR &4 TR 22 A 5%,
1 H FTA 1k, HSA Rl G 8 1 364 10 Fl A T 1 R T R A
FLlL, R FGF23C (K A i, iR WA 5 HSA fil
A HIRIE . A S YOk FGF23% 4! 53 fA & 1 (HSA)
I o PN R ) T BOM R S B 1 FGF23CRI-HSA,
I AE B 5 B BE B AR Th B3R AT RO . A% Al B W
FGF23C - HSA il & & [ I A Wl 25 11 1) 28 9 50 1k,
NG A R — P I R AN S B4 E Rl

MR57EE
BRAS®E# e IJRE B (Pichia pastoris) B

GS115. K AT B DH5a 5K H A S48 5 AR AT, 3R 1K i kL
PPICIK FH VL A K 27 4 W SIS = 15 o

A FGF23Cwl LR | 5| &4t Bilg A AW T
FEA IR A7 A . FGF23.FGF23¢l ty /) 1 A=W 2 2
WE =50 o 43 7 2 P 4 A 1R 77 EcoR 1 AT Not 1
DNA marker. protein marker. T4 ligase 5 lJ H Thermo
Scientific /A 7] . PCR F= 4 4l 4k 357 &« JF kL /s & il 32
TR & 7 B: 5 (K 4 DNA i #2075 & - DNA B [H] 1038
FIEBE R R (GAL18) A [ iR B BEBy 25 771 3+
FWRAETAM TERARAR . RE A& AR
ST Bilg 44 AR A IR AR . S50 BT ik
6 5 Abcam A A o AR B AL S R SRR T F i 24
R F A RAF .

BHEEFRMEALARNNEE ZH LA TAY
PR 4 A R FGF23%a! By By 41, HSA JE K Ry
A S0 = AR AE I pPICIK / HSA. fih & PCR # 2
FGF23C@l-HSA 2 JL K ¥ 71, 5147 %1 W3 1, f8
pfu DNA G HeH WAL v By #& 038 2 1) e Lt 72
HEATH 58 . DNA RIS 751 5 [ Wiz 25t 2nd fy i ) v B

Number Describe Primer sequence Site
F5p FGF5'primer 5'-CCGGAATTCCGGAGCGCCGAGGACGACTCGGA EcoR |
fF3p Fusion FGF3'primer 5-ACCTCACTCTTGTGTGCATCGATGAATTTGGCGAAGGGGC -
fH5p Fusion HSA5'primer 5'-GCCCCTTCGCCAAATTCATCGATGCACACAAGAGTGAGGT -
H3p HSA3'primer 5'-ATAAGAATGCGGCCGCTTATTATAAGCCTAAGGCA Not |

Table 2 Conditions and primer sets for fusion PCR

Number PCR fragment Primer PCR condition
1st FGF23C-tail F5p\fF3p 95 °C 3 min, 95 C 30,55 ‘C 305, 72 'C 1 min, 30 cycles, 72 °C 10 min
2nd HSA fH5p\H3p 95 C 3min, 95 C 305,55 C 305, 72 ‘C 2 min, 30 cycles, 72 °C 10 min
3rd Fusion PCR - 95 C 3 min, 95 C 305,55 C 305, 72 ‘C 4 min, 10 cycles, 72 °C 10 min

4th Fusion gene F5p\H3p

95 ‘C 3 min, 95 C 30,55 'C 30, 72 'C 3 min, 30 cycles, 72 'C 10 min
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&, 7 3% 3R A5 1 B 1 S5 R 22 PCR 56 1IE A1 57 596 IF 1
Ja T TP rsEs.
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IEHA A BRI ZE Sal | 2k AR V) 5, 5 GS115 /832 A4
MR & BT (1.5 KV, 40 uF, 180 Q) ¥4k . EE ol % £}
GS115 [ /352 75 41 ML 28 b 1k 5 2 ) 2% 3R 4509, /£ MD
SRR (20 g- L1 & BE .10 g LABR R %% . 3.4 g- LTI
YNB.15 g- L 5 i5K) 5595 4 K. £5 F 4 B AR P
¥ J5 P 30 MR BH % v FE PR 22 7% 2 mg - mLt G418 Hi 4
(1 YPD ~F- i Hh 4b S35 7 P R . Pk 10 #k B v& BH 2 19
FH P 5 B Pk 22 BMGY YR RS R R85 92 2 K, B3 R
oy BMMY 1 77 2 I B8 R AN 2% 1 FH B3 22 35 5%
3RUA, WS IS R e AR R k) A
IR FGR23C#I-HSA [1) 2 (1 & &, IR kit m Kk
(1) 50 B B bk o AR 1 0 B8 ] 2 3 Invitrogen A F 11
PPICOK K I&F-Hiff

BRKBISEIE T RE I IR 4 B 7] S 4 4
PRI FE R4 DNA. BLFE RN ZH A, B F5p\H3p A 5
PRI H bR EE R . 1) 45 4 12% 1) SDS-PAGE g™, &
OB K % B35 W, 150 V.80 min 25 (i 70 B, JF#E
LB RS IR 4F 4k 2 B b . & W, 9 20 i A BRUUR
FGF23 Z Hi M HSA ZHi 428, HEH R ZHiiF g,
P ECL & (0 5 0

BRI AR EERI R RIE  RIFHEE N BiERMK
5L RBERE, VITARE B N3 L. WIghkE 9% [20g-LT
FEM 10 g- L B RERY (100 g- L AR E% .3.4 g- L1
KL R EUUE L 100 mmol - Lt (pH 6.0) 2 12 41 22 i ik
20 mL- Lt H ). #£30 'C.pH 6.0.400 r-mint & 5
3% . BId 35% MR AT 2 mol - L S A AL BT E Bh 5
fil pH. F5 & W H MR B 2 e, WEE S,
2 S 5 30% I, PR R BRI 42 25 C IR ikl i &
%600 r-minte kb H EE, BB RN N OE FE 5 A
(30%) 2 i BRAH I, PL 12 mL - h b i 57 B fig 3 5% 4
(100 g- L A AR50 g- LU ERENY) o F 4 h BURERG I 4
T EWRE (g- LY FIHEHFEE, JFHRMEAEA
o IR 7 & A I R B R R FGR23CWI-HSA ) & [
.

EHEEEMSMN KB Z 8000 r-mint &L
12 min Ja Y& B3, B 0.45 pm (DR L g, 14 g

IR A5 1015 o IRGERFERE 505 )5, FRRIRYE 2 IR AR R
Blue k5622 1 1 (20 mmol - L™ i B2 44 2% b W, pH 7.0,
0.1 mol - L™ NaCl)~F- 1 & K < 4ii B R it A, k35~ i
J&i LA 45% 113 (20 mmol - L™ % /R 84 2% ph i, pH 7.0,
2 mol - L NaCl) F1100% I 56 & Pe it . i 4E 100% 11
AT Phenyl A, 28 ik 3% ~F 47 J5 BL 100% Y 1T K
(20 mmol - L % B2 84 2% #h %, 50 mmol - L* NaCl, pH
7.0) BB . Wi £E Phenyl A 1) e B v R T Q A, itkBk
V15 J5 A 40% f4 IV i (1 mol - L't NaCl pH 7.0) 1l
100% F IV VP i« WS 4E 40% 1 IV IR ED v H br &
AT

BEEEMEMEN WE B
PR ] ¥ Sprague-Dawley K B AE N SL 5304, 21 3)
VS EA B R B A I R S LRI R S
RS R, WEXIRA FGF23 &K E AN (B HHEN
0.2 pg - kg'). FGF23%al (45 24 5§ & 4 0.2 ng - kg™) Al
FGF23C@-HSA fil & 8 (12 (5 2577184 0.2 ng-kg?)»
B K S 45 24, R REZEL Y S R AR R ) AR B AR K . TESR
2T A4 2 3 h JE R R S B v IS AR I £ 1 mL,
L9 5% [ J ACHEE I35, ot 37 o L g R P LB Ik P
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ZY W BAMOEER TS B ENRE % PCR
PN EE R, AT A = IR MRl A PCR, FEY 153k 15
fil & 5L A (FGF23C9i-HSA) [ 41| (2K ILIE 1A) . fil
L R 4 UG V) J5 B pPICOK iUk b, B2 7= W e
162 DH5a H . K45 F B 41 5 RE 28 PCR 4 5 A3 (R 1
J7 % 8 5 TN A SR (K] 1B) — 3.
2 EEJREREE YA AY IR R 30 IE
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Z: WU B T A GS115 /2% 32 A5 4y, = 41 i ki £ Sal |
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[ GS115 ¥ 51345 2 MD “F- B, 45 4 K85 9% 5 % ik
K120 N THE 7% o B AL Pk 30 AN B v 4k 2 /£ YPD
PR (752 mg - mL* (1) G418) 4k 4L R 7R K .
PR R ) N AR H 1L s B AR, IER H AR B 4E
T, FFATESIRNIESRE. KEAEAR
g Be B A T A e AN AR R VR B B A B R
K 8 FE A 20~200 mg - L. 4 H FGF23c-wl-
HSAH H 8 F TR M, Ak B A B 3 ik
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Figure 1  Construction of the recombinant plasmid. A: Fusion gene FGF23%%!-HSA constructed by fusion of PCR. B: Schematic of the

recombinant plasmid

Figure 2 Construction and screening of recombinant P. pastoris strains
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Ve WA . USCER 1) Blue ¥t It K T £ Phenyl Sepharose
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Figure 3 The process in 5 L-fermentation. Cell density, protein

concentration, and rate of glucose consumption were measured

every 4 h

100% F9 N B3 %6l . Phenyl Sepharose A3: f 6 i ik
FAK SR W, v B AT Q Sepharose A4 3 17 4fifk,,
33 FH 40% F1100% 19 IV {5 3E AT B i . 40% 19 IV ¥
VBN SEAL I B R TR . R RER R BB W
AL AR R L K B (B 4) SR, fEiE =D
alifl J5, Al FEAS 2 B A5 F . S0 ORI R WL H bR
HEAMRIE (B 4). B UM A0 RE 5y 0.92
g- L%, S [EICR l 24.5%, #EIR 2010 11 2 500 L3k 3.
alifk J5 [ FE i 48 SEC-HPLC A& Il Fl SDS-PAGE 46l 46
[ 9 95.3% (I&15), 7T FH T J5 22 1 A= W vk e A 0
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Figure 4 Protein purity assessed by SDS-PAGE. M: Protein
molecular weight marker; Lanes 1: Supernatant after fermentation
by P. pastoris/pPICOK-FGF23°®l-HSA; Line 2: Supernatant after
fermentation by P. pastoris/pPIC9K (empty plasmid); Lanes 3:
Samples after blue sepharose purification; Lanes 4: Samples after
phenyl sepharose purification; Lanes 5: Samples after Q sepharose

purification

Table 3  Purification process for the fusion protein FGF23¢i-
HSA produced by P. pastoris

Purification step Volume FGF23¢-il- Step Total
/mL HSA/mg recovery/% recovery/%
Culture supernatant 380 100.9 100.0 100.0
Ultrafiltration 39 94.1 93.3 93.3
Blue sepharose 36 45.0 47.8 44.5
Phenyl sepharose 32 38.6 85.8 38.1
Q sepharose 27 24.8 64.3 24.5
Apam 1 B
116.0 015 I
662 e w— f
45,0 - = G.10 \
35.0 = < 008 ‘lll
250 - 0.00 ” | &g
150 = 0.00 5..00 10.00 15.00 20700 2500

Figure 5 Protein purity assessed by HPLC and 12% SDS-PAGE.
A: SDS-PAGE of final purified protein; M: Protein molecular
weight marker; Lanes 1: Samples of final purified protein. B:
HPLC of final purified protein. The purity was 95.3%

5 EHEEBEMEMERN

R I FGF23CI-HSA [ A= ) 1% 1, LA Sprague-
Dawley K R E NS s . & BN B FGF23 4 K
A2 L FGF23C4 21 FIl FGF23C 9 HSA it & 25 19 41,
TR 5 NIk 2. 3 A AE 45 2510 A1 45 245 5 3 h L
FERT I 3 P B R . SRR, A% 3h)E,
FGF23 S 46 4 (¥ I 8% %< P A 0.644 mg - L[4 1% %
0.518 mg - L, FGF23 1] LA % & #h B4 A1 ifi % 11 7K > .
FGF23C@l-HSA S 56 21 (1 1f 4 9% 5 M 0.632 mg - Lt |
FH#0.764 mg- LY, 169 FE 2 25 M A &, B S BE X
HRZH (FGF23ca) [y 38 — 5. 7% [ RZH (1) K B v
U TR PR AR A B R OK, I A B LR A (K16).
FGF23Ci iy FGF23 M il 57, A #ii FGF23 1) Tl

Bl T B v I TR O, AR 9 Ot T Bl A R G
FGF23Cil-HSA th E A5 #I FGF23 1M $2 5 M i 1) K 4
AEDIEE .
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Figure 6  Bioactivity of fusion protein in rat. FGF23 or

FGF23¢4@l-HSA were injected i. v. into Sprague-Dawley rats.
Serum parameters were measured and calculated before and 3 h
after injection
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B C R A NRB ALY LR N 2 5y, e =
R A5 51 S ARSI R B T S I AR A Ay
T A A IR R BT 5] A i e
B2 2L E BT BN 2 LA W R LT
A5 TE IR B IR ARES8, FGF23 E 1k Py I Bl 1 15 i
LA FGF23 1E 25 W I 0T R I B3 1 745 245 400 1l Ay ok
22 (1) 22 BE SR 7 1)

5 [ B2 B B 41 1 BIF 5% 43 2% B, {) B FGF23
(1) C 3 (1) 73 NS L R 1) v B 1) FGF23C @ Jy 45 it 57
ik FGF23 I AE P 2 T g, T BEAIR FGF23 % 8 35 1
AL B35 15 TR, TR Bl A 5 1K A T B A B
W 7242 A0 B2 FH BT 5% . FGF23Cl [y 25 ) T 7%, 5 il /&
K2 W (0 T R R A F R WA B . B AT, B W
i) A L FGF23C- K A i it (1 SC kAR, [ Al HUA
Tty 2> @) bf FGF23@ b5 Fe i 44 Jr B il & HEAT K 20K
i, it 5 FGF23C@l-Fe 1] LA 2 ¥ # il FGF23 15
S F0, AR OK FGF23C49! 5 HSA fili &, 2R 7 He
IR BE RIS R G £ Kk, 45 LK B FGF23C#1-HSA
FAT IR (A W35 1, S FGF23C@ (it K Ak tigids AT RE
FH PR LA o

fill & PCR Y FGF23Cail 5 HSA J& [ 4 12 Jy il & 5
FGF23Ctl-HSA, i#f — P 1) # 3 ik it ki pPICIK/
FGF23Cl-HSA, ik Fpy % B R p, &0 %
TR R e 7 30 R 20k B 3G, SR AS — R v I HE R T
BERIB MR . 75 P AS I FGF23Cw1-HSA [ 77 & I,
I F Rl A B A N IS A AR R S R R, R
HSA o 1277 65 0 5 & I HSA 1) 75 85K e B
48R (111 FGF23C0-HSA 25 &, 6 I 1 45 JL s S 1
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AISEVESR . SRR R RIA, BRI EEAE NS
7 FAMNREER A MRS . (H R BN IR IR, 72
TEVIGE I H I FEsE & E IINEERE A S PR A . DRk
7E5 LR B, w28 h A FH H e 8 C I, 2 J5FIH
HEEE N CIRB G R ARIE . FERHINEE S5 A
BSAFAR 5, AT LA AR DR AR ok R 3 v 3 007 5o T
MEEREIE . REER76 hist, A& B A MR L ERE,
fig 1k 3| 265.6 mg - Lt. 4l fk 3K £3 1 4l i FGF23¢il-
HSA )44 P S5 & 7R, FGF23C@-HSA B 45 FGF23 41
1] 77 ) T e, FGF23C@i-HSA iz 46 26 f I B M 0.632
mg- Lt EFH3]0.764 mg- L7, #8525 b B v O R L 1
Ko AR SOH FGF23%9 5 HSA il & I 7F He ol % B
HEAT R IA, B FGF23C@l-HSA 1] DL 3 & M 42 &

B P I 7K O, 3K D FGF23C @i HS A A 38 2437 7 11
RN FE AT FGF23 $ 177 ¥ 25 M T K B Al
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