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Enhanced porcine interferon-a production by Pichia
pastoris by methanol/sorbitol co-feeding and energy
metabolism shift
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Abstract: Porcine interferon-o (pIFN-a) fermentative production by recombinant Pichia pastoris was carried out in a 10-L
bioreactor to study its metabolism changes and effects on fermentation under different inducing strategies, by analyzing the
change patterns of the corresponding metabolism and energy regeneration. The results show that the specific activities of
alcohol oxidase (AOX), formaldehyde dehydrogenase (FLD) and formate dehydrogenase (FDH) largely increased when
reducing temperature from 30 °C to 20 °C under pure methanol induction, leading significant enhancements in methanol
metabolism, formaldehyde dissimilatory energy metabolism and plFN-a antiviral activity. The highest pIFN-a antiviral
activity reached 1.4x10° lU/mL, which was about 10-folds of that obtained under 30 °C induction. Using methanol/sorbitol
co-feeding strategy at 30 °C, the major energy metabolism energizing plFN-o synthesis shifted from formaldehyde
dissimilatory energy metabolism pathway to TCA cycle, formaldehyde dissimilatory pathway was weakened and accumulation
of toxic intermediate metabolite-formaldehyde was relieved, and methanol flux distribution towards to pIFN-a synthesis was
enhanced. Under this condition, the highest pIFN-q antiviral activity reached 1.8x10” 1U/mL which was about 100-folds of that
obtained under pure methanol induction at 30 °C. More important, enhanced pIFN-a production with methanol/sorbitol
co-feeding strategy could be implemented under mild conditions, which greatly reduced the fermentation costs and improved
the entire fermentation performance.

Keywords: Pichia pastoris, metabolic analysis, methanol, sorbitol, temperature, induction, porcine interferon-a
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Fig. 1 Total protein concentrations and pIFN-a antiviral activities under different induction strategies. Open symbols:
pure methanol induction at 30 °C (o) and 20 °C (A); filled symbols: methanol/sorbitol co-feeding at 30 °C with sorbitol
feeding rate of 0.785 g/(L-h) (e) and 1.437 g/(L-h) (m), respectively.
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Fig. 2 Time course of specific AOX activities under
different induction strategies. Open symbols: pure
methanol induction at 30 °C (o) and 20 °C (A);
filled symbols: methanol/sorbitol co-feeding at
30 °C with sorbitol feeding rate of 0.785 g/(L-h) (e)
and 1.437 g/(L-h) (m), respectively.
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Table 1 Comparison of carbon and energy metabolism, as well as fermentation performance under different

induction strategies

Temperature (°C) &  Theoretical O, consumption Measured OUR at stable

Average sorbitol consumption rate

RUN# " Average DO level (%) rate (mmol/(L-h))* level (mmol/(L-h)) (mmol/(L-h))
1 30, 15~40 64.2 70.0 /
2 30, 15~40 72.2 65.0 /
3 20, 0~5 127.5 120.0 /
4 30, 15~20 95.4 100.0 7.90
5 30,10~20 91.9 90.0 431
Average Methanol Average NADH Carbon flux in pINF-a Maximum pIFN-a
Run # consumption rate production rate synthesis path n (-)* antiviral activities
(mmol/(L:h)) (mmol/(L:h))* (mmol/(L:h))* (1IU/mL)
1 60.00 68.40 25.80 0.38 1.00x10* (64 h)
2 67.50 76.95 29.03 0.38 1.35x10° (64 h)
3 150.0 105.00 97.50 0.93 1.49x10° (74 h)
4 60.00 130.80 42.00 0.32 2.98x10° (86 h)
5 82.50 101.20 57.80 0.57 1.80x107 (54 h)

Note: agitation rate kept at the maximum level of 980 r/min for all the runs. *: calculated parameters or values. Sorbitol
consumption rates of 7.90 mmol/(L-h) and 4.31 mmol/(L-h) are corresponding to rates of 1.437 g/(L-h) and 0.785 g/(L:h),

respectively.
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Fig. 3 Time course of specific FLD and FDH activities under different induction strategies. Open symbols: methanol
induction at 30 °C (o) and 20 °C (A); filled symbols: methanol/sorbitol co-feeding at 30 °C with sorbitol feeding

rate of 0.785 g/(L-h) (e) and 1.437 g/(L-h) (m), respectively.
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Fig. 4 Time course of specific IDE and o-KGDHC activities under different induction strategies. Open symbols:
methanol induction at 30 °C (o) and 20 °C (A); filled symbols: methanol/sorbitol co-feeding at 30 °C with sorbitol
feeding rate of 0.785 g/(L-h) (e) and 1.437 g/(L-h) (m), respectively.
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Fig. 5 Major metabolic pathways and simplified metabolic/energy regeneration model of P. pastoris under different
induction strategies. Numerical values represents the absolute/stable rates of methanol consumption, sorbitol
consumption, carbon flow in protein synthesis route, and NADH production (broken lines), respectively, in mmol/L/h
base. a: pure methanol induction at 30 °C (run #1 in Table 1); b: pure methanol induction at 20 °C (run #3 in Table 1); c:

methanol/sorbotol co-feeding (run #5 in Table 1).
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XL, rnapH Fa - Fveon Fl Fsor 735111838 NADH
ARG dE AR R AR AR A BERICEEE R . H
Pt A R A L B B AR A T Il AL
(0.5 g/L) R EEREE (10 /L) AYMREE A
FesE , AIECE AR R 5 45 H AT 0 E R A
8o nERIHAE A7 BE /R RERE W) it NADH JITfig
T BAR A BN P BER, S5Pr B, Bk
BT A Y RE B AR . iR, BE s A AL

O, HIB THAE M R ] #2 5 5 Sk b4 71148 X
B, WERLftREg (@1 B) PHIFEA L
AW P AOX BERMEILFT O,

CH;3;0H (MeOH) +%Oz — CH,0+H,0

roz = (05 + ﬁ) X rMeOH = OUR {

lo, = (0.5+ &) X Iyeon + 6 x 5o, = OUR

methanol / sorbitol co-feeding

MSH5ZT, SAAMPEE; 5 2 LNE AR
FEBERR AL SO s B rh o AR 1 AN 3 it &
BOCER, T FH S0 Fy R e/ L A P Gl s R A
AR OUR, i/ il X 5 HES M AP/ Ll AL e
IR IN A TR B Wi/ i e, SEMIH
SE R P RE A G . B, MR DGR
SEAEEA A RIR M A T &1 B kIR
Sl te?yh 030, 5 30 CHIEE ST
(B=0.57) HHLL, RN F& AT St fg ik
TR BR L0 e LR B AT A9 50% A4y, Thi A
T H bR B A SR AS Bk  53 BT e I T 2
63% .

f=057 @30°C
B=035 @20°C

pure methanol induction 5)

methanol/sorbitol co- feeding
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Kl 6 WoR TARRNE S AT, FE A
BRI I L AR I I N FR R O . FE AR
W (& 5), FEE B ST A B4 I A A A
& (Peroxisome) v, 7EEEA LA AOX AL
MY 0, BA RN, A (HCHO), iXHf,
— o> HEAE R BL NI 5 AU (DHAS) 194
T A R IE N (DHA) A 3B R H s
(GAP), Ior b3t ALy maASN , T H bRk
I F AR AT o g — 0 43 FF T DU e i 2 ok
SEACYIEEA BN, 7E FLD 1 FDH ()
FEERT , S8 kA B CO,, (RIS i NADH
o BFREE 0GR R AR i, 343 F RERE X 4
L7 A i A o 1 H LD A TR o 45 1
TR AOX TEMEAR, R A /N B

g \/A/

=] 0.03

5

B o /"

£ =

D)

o8 002t / \

T

23 / \

5

g J \
0.01 +

2 P

0.00 . . . L e
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Induction time (h)

El6 ARFSHFETHE. FRYMRSEN EELL

BAA U I FC L, B2 i S b Y i
AR B 230 A3 F R S A ™ e AR i F i D
R BERT FLD A1 FDH &AL, (2 Tik1% B
AR E5 1k (e~0.3), /b i B it AL P A
4 FH MR TE AT LA 8 2 8 A i A AR G
PR RS R YR g e B e AT, ) A ML 1 2 3 0/
MK 20 °C . H BSR40 T, AOX IfiTE
sy, HY AR A A K AR IS FLD 1 FDH
Wtkm, FALHEED “fRdE” seduoe, B
S8 A A B A AL W R ) F S o R, BN
YRR R P 2 ) 0 R e e, P R X 4 e P 25 35 1
Fhe g B 3K AT BB AH L LD AL AR
i, AR P A EME S R pINF-oite 2 15 PEAR
i —ANEE R

0.02

0.01 A \

Formate concentration (g/g DCW)

0.00 -

15 30 45 60 75
Induction time (h)

Fig. 6 Time course of intercellular formaldehyde and formate concentration under different induction strategies. Open
symbols: pure methanol induction at 30 °C (o, run #1) and 20 °C (A, run #3); filled symbol: methanol/ sorbitol
co-feeding at 30 °C with sorbitol feeding rate of 0.785 g/(L-h) (e, run #5).
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K5, &6 fIFE 1AL LISRLLT A
A A A aE R R EEis: 1) 20 C
I P B 5 5 T 0 R I o 3 R 4 e [
feimte A BRGSO, Wil (30 'C) HIEE
NUALFEIR AT, BT AOX 1hPEZHIFR
i, AR R AR A HE R (H TR L
BB 4 IR Ry HE AR R AR IR R, MRR T 40
JOA B RE T, AR A BBl Qi
RN TR P R AT 1.5~2.2 4%, iR BTG
PRI 439%~59% 17K, 2) 5 30 C il HI %
PG SR L, L RS BRI A e
Y5t NADH A iU A4 TR 22 7T 3k 4890~91%
LA 1L Y 3 T st ) R A AR A AR K
$E5 (0.38—0.57), AFT pINF-affFZi R,
3) HIEEE/IL AR o AR, LAY R E A
TCATEI KL E R it NADH, 1 F 54k
HERER NSk (B ERRE 2 50%), DL, H
R AR R A DA R B R0 R R 1 A A 38 o
i, XA pINF-af RELL AR R A T R A1 35
Bi. 4) 5 20 CARMER P EEAMESAR L, B
BUBEIR TN T IS FE O HUR/N . HAHTE Y
70% e A7 o AR B AAA R0 R, mFERER
RGP AR, T A TS
BT, DO HAE KA FIRARIIKE (36 1), TiHh
T AR R R b SR, 2L IR DO XA R
SEIN Y Fah e A S v Ak, HARE R
TERA R IR T B AT B, T S A T
VU5 B 11 WA B A T A 86 1 SR AR 25 129
DALk, 30 e D R T 3 o S s AR A 4R oK
ffi DO IHZARFFAEE B (109%~20%) K-, &
A LA G PR AR BT B 1 1Y) 2R 1 R R AR AR

YA, 5) AR B S mAR AT LR
= pINF-af R R ACEFIPURERE M, H2, B
BAERAS SRR E R AEEIRIRS HIK
A SR AR A, e/ L) A L TR A fin SR s ] 7
L A SRR T BT, SR T R
PEFAALL, KWERUANIR, SR etk e 25 e

3 &%

AN [ T A T Be R R R AR
PINF-oid FE1 AOX FijiE . IS b= REigs A2 K
ST TCA G A SRR 44T L /A7 & 3K, 30 °C .
s L A R s 2 T, FE bR AR i
Pt I 1) R B S AR AR i 0] TCA A,
128 S AL RE R T i Rl s, I8 KB v T A
H bR A R Fe i B B e L] o eE, SR
HURTEEE MEAF] 1.8x107 1U/mML, 2 30 C s
ST fem i Y 100 A5 L

F R/ LA IR A5 F T . 55 30 C HIEE
A AR, NADH A B 2R (4 $2 i B2 ] 3k
48%~91% , H I 1 AL B3 fin i 1 i o 1) K
FEnARKSE S, AFIT pINF-alYHFZ R R
H I AL LR AR g 55 1k, B W™ P %) 26
2B 3ME, K pINF-ofE A2 B a3
T RIS ; BHEFE O HEREAR, HA 20 C
IR P BE S S 55 T 1Y 729%~T5% , fifi K IR
AR R A SRR S5 N kAT, AT
RAS B
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