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Intro duc tion

Onco sta tin M (OSM)1 is a mul ti func tional cyto kine of Mr 

 approx i mately 28,000 that was orig i nally iso lated from con di tioned 

media of phor bol 12-myr is tate 13-ace tate-treated U937 his tio cytic 

leu ke mia cells that had been induced to dif fer en ti ate into mac ro-

phage-like cells [1]. OSM belongs to the IL-6 sub fam ily which com-

prises IL-6, IL-11, LIF, OSM, CNTF, CT-1 and CLC. The main prop erty of 

the fam ily is func tion redun dancy [2,3]. Among the fam ily mem bers, 

OSM is most closely related to LIF struc tur ally, func tion ally and genet-

i cally [4]. OSM has pleio tro pic effects on many dif fer ent cell types. 

OSM can acti vate tar get genes involved in dif fer en ti a tion, sur vival, 

apop to sis and pro lif er a tion [5]. OSM is involved in the reg u la tion of 

the acute-phase response to injury and infec tion. Besides its func tions 

in inflam ma tion [6] and ha e mat o poi e sis [7], OSM also plays a cru cial 

role in liver, embry o nal devel op ment [8], and the immune response 

[9]. Dys reg u la tion of IL-6-type cyto kine sig nal ing con trib utes to the 

onset and main te nance of sev eral dis eases, such as rheu ma toid arthri-

tis, inflam ma tory bowel dis ease, oste o po ro sis, multiple scle ro sis and 

var i ous types of can cer (e.g. multiple myeloma and pros tate can cer).

The level of OSM in human plasma and serum is 24 pg/mL 

through a sen si tive and spe cific enzyme immu no as say. It is almost 

impos si ble to obtain suf  cient OSM from human tis sue due to its 

extremely low quan tity. There fore, it is essen tial to pre pare OSM 

through genetic engi neer ing for large-scale pro duc tion of hOSM for 

basic research and other appli ca tions. In pre vi ous stud ies, rhOSM 

pro duced by Esch e richia coli [10], CHO cells [11] and recombinant 

ade no vi rus vec tor [12] has been reported. How ever, the low yield 

or high cul ture expense lim its the use of these expres sion sys tems. 

Pi chi a pas to ris is a eukary otic expres sion sys tem for high level and 

high ef ciency pro duc tion of recombinant het er ol o gous pro teins 

at rel a tively low cost [13]. We have reported human OSM cDNA 

was cloned and expressed in Pi chi a strain X-33 which phe no type 

is Mut+ (meth a nol uti li za tion plus) in shake-flask scale [14]. Here, 

we attempted to carry out a fed-batch cul ture of rhOSM in an 80 L 

fer men tor, with the aim of allow ing the pro duc tion of the higher 

amount of the inter est ing pro tein. The puri fi ca tion and preliminary 

char ac ter iza tion of rhOSM were also pre sented in this paper.

Mate ri als and meth ods

Mate ri als

Pro tein mark ers were pur chased from Ta ka ra (Dalian, China). 

Phenyl Sepharose, SP Sepharose Fast Flow were from Amersham 

Bio sci ences (Swe den). OSM (sc-129) poly clonal anti body was 
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Onco sta tin M (OSM) is a mul ti func tional cel lu lar reg u la tor that belongs to the IL-6 sub fam ily and can act on a 

wide vari ety of cells, which has potential roles in the reg u la tion of gene acti va tion, cell sur vival, pro lif er a tion 

and dif fer en ti a tion. In order to achieve the higher level yield of recombinant human Onco sta tin M (rhOSM), 

we deter mined the opti mal pH con di tion of rhOSM expressed in the meth y lo troph ic yeast Pi chi a pas to ris 

X-33 and car ried out the fer men ta tion cul ture of rhOSM in 80 L fer men tor in a fed-batch mode. SDS–PAGE 

and Western blot ting assays dem on strated that rhOSM was suc cess fully expressed and secreted into the cul-

ture medium with an appar ent molec u lar weight of 28 kDa. N-ter mi nals were cor rectly pro cessed through 

amino-ter mi nal sequenc ing. The max i mum yield of rhOSM was 280 mg/L. rhOSM was puri fied by phenyl 

Sepharose hydro pho bic inter ac tion chro ma tog ra phy and SP Sepharose Fast Flow cat ion exchange chro ma tog-

ra phy, which resulted in a final yield of puri fied rhOSM of 6.94 g with a recov ery of 62% and a purity of 95%. 

The puri fied rhOSM had a spe cific growth inhi bi tion activ ity of 6.26 £ 104 RU/lg, which was com men su rate 

with typ i cal val ues (6.2 £ 104 RU/lg) obtained with stan dard hOSM.
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obtained from Santa Cruz Bio tech nol ogy (USA). The stan dard 

human onco sta tin M (295-OM) was pur chased from R&D Sys tems 

(USA).

Human mel a noma A375 cells were pro vided by the Shang hai 

Insti tute of Bio chem is try and Cell Biol ogy, Chi nese Acad emy of 

 Sci ence.

Yeast cul ture media

Pi chi a pas to ris was grown in YPD (1% yeast extract, 2% pep tone, 

and 2% dex trose) or BMGY (0.1 M potas sium phos phate, 1% yeast 

extract, 2% pep tone, 1.34% YNB, and 1% glyc erol, pH 6.0). BMMY 

was used for pro tein induc tion (0.5% meth a nol is added in the 

place of glyc erol, pH 6.0). YPD–Zeo cin plates (1% yeast extract, 2% 

pep tone, 2% dex trose, 2% agar and 0.1–0.2 mg/mL Zeo cin) were 

used for select ing mul ti copy trans for mants.

Opti mum pH for expres sion of rhOSM

In order to achieve the higher yield of rhOSM,  exper i men ta tion 

with pH val ues var ied from 3.0 to 6.5 with 0.5 pH unit inter-

vals between tubes was tested to deter mine the opti mal pH for 

rhOSM. We have selected the high-level expres sion P. pas to-

ris strains of rhOSM under the con di tion of pH 6.0 before [14]. 

The inoc u lum seed of a sin gle P. pas to ris col ony of the selected 

strains was  ini tially  inoc u lated into a 500 mL shake flask con-

tain ing 100 mL BMGY medium at 30 °C and 250 rpm. Until opti-

cal den sity at 600 nm (OD600) reached 2.0–6.0 (spec tro pho tom-

e ter Ul tro spec 3000, Amersham bio sci ence, Frei burg, Ger many), 

the cul ture medium was divided into 10 por tions and the cells 

were har vested by cen tri fu ga tion and resus pended by 10 ml 

BMMY medium of dif fer ent pH val ues in 50 ml con i cal tubes to 

induce expres sion. The cells were allowed to grow for 72 h at 

30 °C, and meth a nol was added every 24 h to a final con cen tra-

tion of 0.5% (v/v) for induced expres sion of the tar get pro tein. For 

recombinant pro tein detec tion, 0.2 mL cell ali quots were with-

drawn and the super na tant sam ples were run on a 12% (w/v) 

poly acryl amide gel and stained with Coomassie bril liant blue 

R250. Gel den si tom e try was used to quan tify the pro por tion of 

rhOSM among the total pro teins secreted by P. pas to ris.

Pilot-scale fer men ta tion cul ture of rhOSM

It is impor tant to mon i tor and con trol the fol low ing param e ters 

through out the fer men ta tion pro cess: tem per a ture; DO; pH; agi ta-

tion; aer a tion; anti foam; car bon source. Fer men ta tion pro cess was 

divided into three phases des ig nated glyc erol batch phase, glyc-

erol-fed batch phase, and meth a nol-fed batch phase.

A stock cul ture of P. pas to ris was grown to an OD600 = 2.0–6.0 

in a 5 L shake flask con tain ing 2 L YPD. The shake-flask cul ture 

was used to inoc u late an 80 L NBS Bio flo 5000 fer men ter (New 

Bruns wick Sci en tific, USA) con tain ing 40 L of fer men ta tion basal 

salts medium FM21 sup ple mented with PTM1 trace salts (1.1 mL 

of stock solu tion/L, per liter: 6.0 g CuSO4·5H2O, 0.08 g NaI, 3.0 g 

MnSO4·H2O, 0.2 g Na MoO4·2H2O, 0.02 g H3BO3, 0.5 g CoCl2, 20.0 g 

ZnCl2, 65.0 g FeSO4·7H2O, 5.0 mL H2SO4) [15] and bio tin (0.4 mL of 

the stock solu tion/L). The DO level was main tained at 20–30% sat-

u ra tion using 100% oxy gen and a stir ring speed of up to 700 rpm. 

The pH of the medium was main tained 5.0 by auto matic addi tion 

of 5 M NH4OH and 1 M phos pho ric acid and 5% anti foam was deliv-

ered as required. Tem per a ture was con trolled at 28 °C. Cal i brated 

peri stal tic pumps were used to con trol meth a nol feed rate which 

was deter mined by the met a bolic rate of the cul ture and the yield 

of the tar get pro tein and a meth a nol probe and sen sor unit was 

employed to main tain con stant lev els of meth a nol dur ing the 

induc tion phase.

At the end of the first phase, when glyc erol was con sumed, as 

indi cated by a sharp increase in the DO con cen tra tion, the sec ond 

phase was ini ti ated. A 50% glyc erol feed, con tain ing 1.2% (v/v) of 

PTM1 trace salts, was added at 400 mL/h and grad u ally increased 

to 720 mL/h. The glyc erol feed was car ried out until a cell yield of 

180–220 g/L wet weight was achieved. The third phase was ini-

ti ated by start ing a 100% meth a nol feed con tain ing 1.2% (v/v) of 

PTM1 trace salts. Dur ing the meth a nol induc tion phase, pH was 

increased to 5.5. Meth a nol was ini tially added at 144 mL/h for 4 h to 

adapt the cul ture to growth on meth a nol, then grad u ally increased 

to 440 mL/h. Sam pling of the cul ture medium was per formed at 

the end of each phase and at least twice daily and ana lyzed for 

wet cell weight, opti cal den sity at 600 nm and expres sion level of 

rhOSM.

Puri fi ca tion of rhOSM

The fer men ta tion broth was har vested from bio re ac tor at the 

opti mal time points of meth a nol induc tion phase and cen tri-

fuged to sep a rate the super na tant from the cells at 12,000 rpm 

for 15 min. The super na tant was added into ammo nium sul phate 

to reach about 25% (g/L) and adjusted to pH 7.0 with 5 M NH4OH 

and then stored at 4 °C for 5 h. After 5 h, the super na tant was cen-

tri fuged again (4 °C 12,000 rpm for 20 min). 200 mmol/L sodium 

phos phate buffer (pH 7.0) of 1/10 total vol ume was added to 

the super na tant and the super na tant was loaded onto a phenyl 

Sepharose col umn which was equil i brated with 25% ammo nium 

sul phate in 20 mmol/L sodium phos phate buffer (pH 7.0). The 

col umn was washed exten sively with the same buffer. The bound 

pro tein was eluted with a lin ear gra di ent of 25–0% ammo nium 

sul phate (in 20 mmol/L sodium phos phate buffer, pH 7.0). Ali-

quots were col lected from the var i ous frac tions across the major 

peak and ana lyzed by SDS–PAGE, western blot ting and Brad ford 

pro tein assay to iden tify where the prod uct elutes. The elu tion 

frac tions con tain ing rhOSM were pooled and diluted to reach 

suit able ionic strength and loaded onto a SP Sepharose Fast Flow 

col umn equil i brated with 20 mmol/L NaAc–HAc (pH 4.5) buffer 

for the fur ther puri fi ca tion. The col umn was eluted with a lin-

ear salt gra di ent (0–0.5 M NaCl) and the pro tein was mon i tored 

by mea sur ing the UV absor bency at 280 nm. The pooled elu tion 

frac tions con tain ing rhOSM from SP Sepharose Fast Flow col umn 

were dia lyzed and fil trated on 0.22 lm fil ter. The puri fied rhOSM 

was car ried out on a HPLC sys tem (Waters 600E, USA) using a 

C18 reverse phase col umn for purity anal y sis. The final puri fied 

rhOSM solu tion was stored under ster ile con di tions at ¡80 °C for 

detec tion of bio ac tiv i ties.

Pro tein assay

The pro tein con cen tra tions in the sam ples were deter mined 

with Brad ford pro tein assay [16] using bovine serum albu min as 

the con cen tra tion stan dard.

SDS–PAGE and Western blot ting assays

Sam ples dur ing puri fi ca tion were ana lyzed by SDS–PAGE 

 per formed using a 12% gel and stained with Coomassie bril liant 

blue, as described by [17]. For Western blot ting [18], pro teins in 

the gel were trans ferred to a poly vi nyl i dene difluo ride mem brane 

using a semi-dry elec tro blot ting appa ra tus (Bio-Rad) at 15 V for 

30 min in 25 mM Tris–192 mM gly cine. The mem brane was blocked 

by incu bat ing with solu tion con tain ing 5% BSA for 1 h, and then 

incu bated with the rab bit anti-human OSM poly clonal anti body. 

After being washed, the mem brane was incu bated with the goat 

anti-rab bit IgG con ju gated to HRP (Ding guo, China). The bound 

anti body was detected using 3,3’-di am inobenzi dine (DAB).
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