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Secretory expression of human proteins in Pichia pastoris: Production of midkine,

pleiotrophin, and bile salt-stimulated lipase in controlled fermentor

Akira Murasugi (Technical Department, Production Division, Meiji Co., Ltd., 1-2-10 Shin-suna,
Koto-ku, Tokyo 136-8908) Seibutsu-kogaku 89: 570-583, 2011.

The recombinat protein expression system of methylotrophic yeast, Pichia pastoris, is now widely used
in order to express various heterologous proteins. Densely cultured recombinant Pichia cell which can
secrete a target protein, may efficiently produce a large amount of the target protein into the culture
medium. The secreted proteins may be captured using expanded bed adsorption. We tried to express three
human proteins, two cytokines (or growth factors), midkine (MK) and pleiotrophin (PTN), and breast milk
bile salt-stimulated lipase (BSSL) in high cell density fermentor cultures of recombinant P. pastoris to
obtain a great deal of the active and intact proteins. When MK secretion signal was used for MK protein
expression, a half of secreted MK received yeast specific mannosylations. Thus, yeast a-mating factor
(a-MF) secretion signal was used. MK secreted in the medium received no mannosylation, and the
accumulated amount was about 640 mg//. However, about 70% of the product was truncated. Therefore,
P. pastoris host cell deficient for vacuolar proteinase A was used, and MK was expressed at 20°C and at pH
3. During one week induction, about 360 mg// of non-modified authentic MK was accumulated. For the
PTN expression, a-MF secretion signal and the host GS115 were used. PTN was expressed using a fermen-
tor in the same manner for the final MK expression, except that the induction of PTN was conducted at pH
5. At fourth day after induction, about 260 mg// of non-modified authentic PTN was obtained. PTN in the
culture could be captured by expanded bed adsorption with efficiency of 96 %. In order to make the final
recombinant Pichia cell for the expression of thBSSL, secretion signal, C-terminal repeat number in hB-
SSL ¢cDNA, copy number of expression cassette in a transformant, and host cell were determined on the
basis of their efficiency for the expression in flask culture. When the BSSL expression was induced by
methanol at low cell density in a fermentor, almost no enzyme was accumulated in the medium. Therefore,
the time of induction, and then the cell growth condition were studied and optimized. Finally, about 1000
mg// BSSL was accumulated in the medium. The heterologous protein expression system of P. pastoris
may be powerful for productions of certain therapeutic proteins. As described above, three human proteins
were successfully expressed in their suitable conditions, respectively. For the industrial productions of
recombinant proteins, optimization of the fermentor production is indispensable and might be laborious
work. Optimization processes described here will be helpful for fermentor expressions of other proteins.

[Key words: midkine, pleiotrophin, cytokine, growth factor, bile salt-stimulated lipase, Pichia pastoris,

fermentor, expanded bed adsorption]
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Y 7EEE (Pichia pastoris) 2Fi5 v 37 B3H%
DRELEEMIE, 27/ —NVIZEoTHEINDL TV
I — VBB IE T (A0XD) Y 7 O 1 T 1 E—
F—EFHLTWEIE, BIXUxY ) —VERFERL
TAHEME 2 L7208 E oS B R A L
TWpZETha™.

Phillips Petroleum Company (Bartlesville, Oklahoma)
1970448, A 7 b 'Y ¥ 87 DL R
Z#z HiFL C, YF TR EW114720 130g0
VRN E RS B R R E ML L2, L L,
Y& 7EABHIKE FDA (Food and Drug Administration)
12X %5 GRAS (Generally Recognized as Safe) DF8E
EHONTY, B -wAMY a v (19734) b
U270, Bl2koorayc s bzERL -
1980 44t 12 1% Salk Institute Biotechnology Industrial
Associates (SIBIA) (La Jolla, California) 7% & ®O7F%E
HENREFTRHBOME -7 ¥ —REWIEL TS,
YR 7EEREE, 2O T VI — VER{LEE R E s T
(AOX1 B L A0X2) %FON, TDH HLA0XI DI
BWENTHE., CORJRTIE, ¥/ —VIlLoT
M RBAFEENL T VI - VLR EE T
(AOXI) OwhH7aE—7—%ffFHL TS, ¥
T RO AOXTEIZTIZOWT, A% 7 —=VIZ X YRk
RoOFHFEZITH) L, AOX1 ¥ Y37 BiE, ©X7
WebE G5 N M D30% M LB e EbNG . o
IVOCHENLGFHEMA - EXF TRBHARZMEL
T, KW LacZ ¥ > 737 H, HBHUE, BLUe ML
BEH & €% 7 REEEMIENICEBL S w727, 5y
B A VNV y —EB XU MIET VT I VR
HS WA BL S & 722111 AT 1987 4F A & 1992 4R 12 >
V> CHfs S 7z, Phillips Petroleum Company 75 Hi L
72, COYFTERMY 287 HIEBUROKERRF
X 19894E 1T L7z 2 LT, ZDEDHD S 44
T, Glaxo-Wellcomett % & 204t &, Z OHEAOff
R eZb LTS, T/, WgeH* Y FoWlGED B
R L 72, 19934FE121E, Invitrogen Corporation (Carlsbad,
California) 22 OFIBROMGEHE L 5% L, Research
Corporation Technologies (Tucson, Arizona) |ZH§7FHE
RHWELY. ZOME, HRKHTI ORBRIIL
BHEINDEHICRY, 19BFEFTTHTTIILLD
g 8y BEBOWEDER L T

COFEBLREGWHEBZ T T, MRNEBICL A
HThb. HHLDOIT-EHERTL, Ly Fy Y
ThY, RERG s HY v hHB, BE
(Ganoderma lucidum) @ Ling Zhi-8 (LZ-8) % ¥ /37 %
DFEBUI BT, EBIMROGR 21T o 72K, SEER
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REMAEDED L, 1 g EOREE RiAE S L2
TELCGRER). ZOF U RIEORE, brdEy
TFINRTF FEFFLrVWbOTHY, MBNEIL
R L TH B E R bzd, MlRNTORBITIE,
— eI, AR A ORE BN S VX7 oY
T A —=T A Y TR DZ NIRED S ORI &0
BAEDBLE L ), FRICEEEBBAR & { %o 7254,
IVEOFMERMAZLEE TS, 20X BN,
5, TXAZEbHMY vy B %R 2R EINC
DWIEDLTELEER L. JWEBOBIE LTEEMNE
MILE7 VT I YA SNE Y. B MLET VT3
YR A, —BORGRPB 7T LERDLIZD,
23 A PSS WIICEHVWEBEFLETH -
7o 26T, EEEME MITET VT I VL, EIREICH
53N 70T RES WHTH 72, Zhid
FHIN—FVORECEEZFITHS. H (BR) I FY
TEE ZoTuv s bEREBLIE, L0008 SRR
(Saccharomyces cerevisiae) ZigF & LT L Twiz
N, RICEF TRBORBURENIIRT L. 25/ —
VI & B FHES 2RI T 228 LC10 g/l EosH
BEERL TV, Cofiiftze MiET VLTI v
WZDWTIE, (BF) A 7 7 S8BT, L =28
(bR 2%, BIETHBRZANME T VT I V8H [ AR
7 A{FE] £ LT, 20084 BT L7

CITIE, AR W2 RBIBIE LT, e o
% OHERICWAET 2L EZOND Iy Fag 22,
Fl—=0y N8 773)—IIRTHT LA+ a7+
Y, BIORCHAEBEROBREIZE o THREFWICEL
EEZEZbN b bEEFUHIRRIG LY 78—+ (human
bile salt-stimulated lipase, hBSSL) *¥ ®FsHI2oWC,
T2 D ka7 RBloR L EOW REERE X O R
WZOWTHRZZV. INSDFERDE 1L, 20084 F
£y D=2y N7 TR S 3R R, 2
world Conference on Magic Bullets (Ehrlich I) 2381}
% Invited Presentation DI THE L 72b D TH 5>,

EXTERBEEY > NVEREAR

BB L O 72BN & — L IE LD EINT

W52%, 22 TIEBBIZHEIGNAMER Lo~ s
=l ERMH L2RBLRICOWTHRRS, FIHAEE
R ¥ —O— &L Fig. 1WIRLA. 2 2ITR
ENAH5AOX1IZIX, HWY VX7 DX ) — ik
EERBUCLETH B AOX] BIZFOTOE— 5 —h3E
IN5. HIS4BIZTE, COBETFE2RBLELR
SRR L7t MR AR E BRI B0~ — 7 —#(E
Tenb.
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Fig. 1. A general structure of expression vectors. Secretion
signals (S) are not used for intra-cellular expression. For
obtaining properly processed amino-terminals of target proteins
in secretory expression, DNAs coding signal sequences should
be directly linked to 5 ends of DNA coding mature proteins.
The multi-cloning site (MCS) cannot be used in this
construction. There are expression vectors that do not contain
3’A0X1 regions. HIS4 shows the histidinol dehydrogenese
gene from P. pastoris. Amp shows the ampicillin resistance
gene. Ori shows the Escherichia coli origin of replication.
5’A0X] region contains the promoter from P. pastoris AOXI
gene. This figure is reproduced from Ref. 30 with permission
of Bentham Science Publishers.

REM LN ¥ —LIEEE X TEPE% Table 15
L UTable 2R L72Y. chEcRBTuE—%—L
LTHHLTEZ2AY ) —VIC k> TRERICHIBE S D
AOXI 70 E—% —DIIHIZ, BRI T 5 GAP
THE—FY -G ERHCIEBNR ¥ - bR I T
b, F72, BICHERD X)IGERY— =@z L LT
kan (hF~A4 ¥ VIFHERLT), T2dble (7L A=
1Y ViEEET) 250 RHARNI F -2 b LI
$oT, BETUE—F—HIolEE Y —I 4L —F¥—FT
EECIEIAAEy M 22 a¥—-GLMR AL R
WTDLZENTEL. HEIZOVTIE, KD I A
NTEZMEEGSIISDIENICYH, TuFr 7 — ¥Rk
SMDI116823HITX 5.

B s > 37 B cDNADWEHXRZ ¥ — 0@ Y) A
WCIEASNATHB TS A3 F] %2, mEMBARRAT
HOICEBERELERA 7 0TI A MNERFHT 5.
ZORBATIE, BHTIAI FAETELEMIKDNAL
HASNhLZ L, FB3EETOE—Y —DOIE Y —
IA—F—FTORHI LY N EEZLDNARKRA 2, 18
FYMADNAD L EREINL I LIZLD, ZZ
NGERDNADO—# L LTl sSh, ZE LAY ~
NI2BEORBREZFERLTWDY. BHTT A I FOYAn
KDNANDIFAD SN O—6l % 73§ X % Fig. 2
L7z,

Hiy% > %27 % cDNA O FEFH| I Sacl, F 721
Sall DFFREHNDAFAE L Wisr, A7 % —I1ZHW
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Table 1. Expression vectors for secretion.

Name Selectable marker Feature
pHIL-S1 HIS4 AOXI promoter
PHOI secretion signal
pPIC9K HIS4 kan AOXTI promoter
o-MF* secretion signal
pPICZa ble AOXTI promoter
o-MF secretion signal
pGAPZa. ble GAP promoter

a-MF secretion signal

*o-mating factor
This table is reproduced from Ref. 30 with permission of Bentham
Science Publishers.

Table 2. Host strains.

Strain Genotype Phenotype
X-33 Wild-type
GS115 his4 Mut" His"
KM71 aox1A4::ScARG4 his4 arg4 Mut® His~
SMD1168 his4 pep4A::URA3 ura3 Mut* His~
Proteinase-A
deficient

This table is reproduced from Ref. 30 with permission of
Bentham Science Publishers.

5 7B cDNAZIRA LM T I A3 % Sacl,
FFSallic X VY4 2 &, 1 7 Frdsil & T
fbsh (Fig. 1), ThZNREHEDNADAOX] £ 721
HIS4BIZT~NOHANPELCR T W, —F, B »38
2 % cDNA OXiFERLH 2 Bglll, % 7213 Notl 78k AL
P L 2 W, BT A3 FoBglll, 721
NotliZ X 2 Y9Il Tix, %3ty b2 5L DNAKH O
gy Larbi (Fig. 1), REIAEDNA D AOX] #ix
T OEEHAE TR TV

BHA Ly ML EICHAAT N, FBHEIBEMNT 2
IS N DA X R REFICHE D 720121, <A
VIR TR T VA~ A Y ViR ST 2
BEICIHFASNARBINY & =% L, LY EwdiEmy
itk 2 R TR AR EBIRT 5. 7oL 2 Eh P~ v
it B A% 1 % $50 pPICIK 72 & % i L C RS L 72 446
AEIZOWT, ¥ U HERBERNTH S G418 (Bl
LY AT AT Y) WK BERNE LG, GAI8IRE
0.5 mg/mlTit, 1~23¥—, BLUP4mg/mlTIE7~
Ra¥—oRJHLy bBHF<A T VidEEET &
W) L CHIR A RICHIAAT TV L RS 5 s™.

R 7 REREIRAE 5 o8 7 MBS BULROBEE R, AR 2 K
DEFIZOWTITEFHE, B¥, WX HB X Plnvitrogen
Corporation D<= 2. 7 b 7z EIZFE L Wit #insd 5 2472
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Fig. 2. Integration of an expression plasmid into P. pastoris genome. The schema shows the single cross-over integrations of an
expression plasmid at the 5’40X] gene of P. pastoris genome. TT shows transcription terminator. When an expression plasmid is
digested with a restriction enzyme, e.g. Bgl I or Sac I, the cross-over event will be driven mainly at a digested site in the 5’ 40X/
region. The schema also shows the result of the 2™ integration made at the same site with the 1* one.

NSRRI AT 5558 ORENRIEEE

YE 7RO REERESELIE BEIC19704 12
Phillips Petroleum Company (2 & - THEV. ST w57,
Ry 28y AREBRNOHHEIZ OV T4 D
F FCB & Unvitrogen Corporation D~ = 2 7 V72
ICRBEESN T MY a2, FECH
EINTERFMTHL., HWY V7 HOFIRITE L
THRBRGEHEEZMB 7201213, Hr O5M4%2FTAHIET
LM LETH B, FHEN MR RO,
WA, BATE, RBUNCSU SRS, &KEELT
pH#% 5-6, HBfFMEFHEE (DO) %20-30% 2D, A
MR OB D 720 D FEF E LT ) u—)
ZHEHAL, AOXI#ET7uE—y—2HWSY v 37
DFEBUH W56, TOFEIIRAY ) —VIZE AT,
W, ORI EENLE ) ke -V EHEET S
FC, BAGBABRIBRELR- THEET S, BITHT
&, AOXI#IET7uE—% —OMloz0, kER
TH b7 ta— )L OMHGHEE %2 3 5. 8B,
DO % 20-30% \ZHEFE L 2SI FEWE LTRA Y J — )L
DAHEEWRMT 5. TOLEFEEHBORAY ) —VikE
i, TENZ01%BEF TICMZ 5. Mut' (methanol
utilization plus) DY ¥ 7HkIX, 40X1 B L U A0X2 #1%
TEBIFLTBY, 2% — )V EilEm)RETE 55
Mut® (methanol utilization slow) #l#t 2 K T2 A0X2 &
ETORERIEFELTVEDOT, 2% 7 — VARHREIZIK
V. L7Z2Ao T, SO ORTHRIGERICLELE S
BRAY ) —VDUINEENE % 5.
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Gy NG EORYTE !
HERBERENKA MY — LS4 >

MM SNz X7 EoEED12& LT
PEERWAETEENR (expanded-bed adsorption) 2% %. &
DFEH% Fig. 31R L7z, ZOHBETIE, WAz LR
SHIRET, BRAREZEOMMLUEERTE, 77
LTSI L, HiY 7 v B2 BIRICHRE S8 5.
Werh 2, VeI HRR M CRIBRICBAA R Z TEE L, €0k,
WAERZ LRSS T, RBIENTRERZ S T 5 15
PO LTHWN Y YN e miB &g 5.

CCITHHLAZDIEA MY =454 »C-50 (GE
Healthcare Life Sciences) (#F 24 :5 cm x 100 cm,
R A M) =554 SP, LRy FER 300
ml, ## 250 cm/h) TH 5.

COFEL, FEEETH HEEOEOR D HFEH
RN EMIUERT Z0ICEATHY, T/, A
TF=NT7 v THRBRNESITZ 5. TIUIFERE 2
b MIGET VT I YRR SR Tw 5,
Mz e MIE7 VT I O TEMBRICEL T, B
B/ ¥ (0.4 cm X 90 cm) 12 X AT AGRER T,
A MY —2AF 4 ~SPEIRIZ 1000 R O#E D & LW,
R, EERK 70% 226237 <, FEH T
ABEEZONEY. F72, ZOHER TENEEC
BRHTHILICE ST, EREEIET S L, ARERH
B LTI 50% 1A 1 L, MRz e Mg 7 v
TIVOPFEIZEH L THRH30%METEE W,

573



T
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Fig. 3. Expanded-bed adsorption. Equilibration of the
adsorbent resin by a buffer solution is conducted with upward
flow after the resin was packed. Proper size-distribution of the
resin is formed in a column through this process. Diluted
culture broth containing high concentration of cells can be
directly applied to the column with upward flow. After enough
washing by a buffer solution with upward flow, the resin is
packed to the bottom of the column, and target protein can be
eluted by an elution buffer, e.g. a buffer containing salt, with
downward flow. The concentrated solution of the target protein
can be obtained. This figure is reproduced from Ref. 30 with
permission of Bentham Science Publishers.

EFIYFRA2ELT
ENTLAF AT 4 > DFRFHKR

Iy RHA 0, BB T A~8) VAT
BERTOIETHY, £ OEEEFOY V37 HT
HH2Y 39 FHA v MBORE, BfE BIO
B &% OEYFWICHEELFL 2 HET HHTT
HbH. DL RERRIE DA, E, BCOKE, R,
MROBE, BEPLHOHEBICHEL TV EEZ LN
223 MR L, 19884F, vy & IRk I I e %
LF A4 VTS A LIk > THESNLBIET
FEMELT, IvFHIAcDNARZFIDTZO—=
L7 BaTHIESIE, B DI v KA 4 v cDNA
Erua—=yr LY eIy FAA4 vy R T B,
RIEOT I 7B 5H5, 5124 13,200 053k
YN ETHY, MOBHD 2T T By o8
PETHHEEZZLNT VS, ZDF U7 EIFZ2DO0
FAAL DB ->TW5E, ZLT, TNEFNDORNRASL ¥
I3 oFomi X B-v— bAEEh, FREN3 »
HIBLU257FHIOYVANVT 4 FREAICLIDVEIZESIRTY
%39_41).

BUE, MDA F 52 71 Y —4%k Cellmid Ltd. 13,
IV RAA v oRED, wEllEd £ oMHHER
FICHT AR TS OBFERBEL TV EVnH P kS
&, TR ADME T ICHAET 5 T MEN I v F
NAvEWNET LI ENTELELISAFY Yy P2 B L
7z, BARHE OIS I v FAh A4 ¥ OFEH &
ms3s0<T, ZOWEFy PE2EATEILICLST,
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BARHEE RONYIZBWIASTE LR H . F72,
s BXOBEHLY X, Iy FAL vy 8y
B OB T 2B FEERT, HHREL LTORR
ZBIELTEBY, Cellmid Ltd. 13, ZOMEICET S
FRERZEIH L CTWA E V). S50, Mg LT
LREPWRHEENTVD., Iy FhA viE, b %<
DOEELHELTBY, HikzEZDT, Iy FA(4VD
W HEST2WE L, A, RIEERE BXOAHC
SRPEHIE LI B LTI s hp 2,

—J, TUAF ba 74 A, eI AR
DEERFE LTRSS 2 ETHY, I v F
HAVERMUT77 IV =BT HEENE0H ¢}
TUAFba 74 2, B6EOT IV BIALKAL ST =
¥15300 D3RO HAL Y VXV ThDLEEZ DN
Lo FLAFra 74 233y Fh4 73 BES
WL THRS50% ORISR H D, 2005 %
BIZEPL L 224 AE 2 RO L EZ BN TV S,

Iy R4 YoRBIZOWTIE, KIBER 2 Hw 724
WRBOMED D HH, FORBEIZ, BEKE TS5
mg/l & I D 7 PRSI R M L 72
REIZBWTYH, ¥ U7 HICX o TELEICHIAIC
ERLEAPMONTWEOTY, AD-o ¥ F 7
N TOI v R U4 VB E2RAL B LY b,
4~5a2¥—=HARTEN-EFTEE (GSI15) OF
BB AT o 7248, FHEIE300 mg/IBETH -
729 RIS S, BOMAEL TV AWV vy N
A K64 mg/lBAER L7 LaL, 2 THRBMIC
ERULZHN Y v AE RS 5 7-0121%, fileon
Wy Uy DY) T F — VT A v T E O
ThHY, MWEHTEVY. COREOEHETIEIH I VA
MPRweEz, Rz HEETI L L L.

v MILET7T VT I URBAOLEICE, ENE S D5
PTFNVEMHLCRSORHEBEI LN TS DT,
FTIVFAA VAGPROGWY SV R L7
Iy A4 URBMBZAREERL, ComBER%E
fTo722%, BHEIZ100 mg/[FRETHD, LrdREHA
L7223y FAA 221E, %L OfdsEa LTuwi Y,
Fig. 4Al2, 2D 3 v N4 4 ¥ ®OMALDI-TOF MS I &
LONERERT. ZORT, KEDOI v Fh A D5y
T ®TdH 513,240 Dan b &5 &M, 51 =162
Da$28Nd 5, FMMICASND ZA34 7 938O iE
ELEIVIRHIA VDY TFLTHA.

Iy KA A Vo EwEERRLE LTI,
CHO ML 7% & o B AR TG PE R i 2 Fl v 72, Rk o
HIBNZEHI v FAAL VI2onWTh 2Ol ETHEEZ R
HLTWA, ZOIy RH AL UGy 7 FVEMEHLT
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Fig. 4. Mass spectrometry of purified recombinant human
midkine. Mass spectrograms of the purified recombinant
human midkine (rh-midkine) expressed using its own secretion
signal (A), and that expressed using the a-meting factor prepro
sequence (B) are shown. Average masses of the components in
the purified rh-midkine were measured. Mass per charge is
indicated by m/z. Average masses of the spikes having
abundant signals are indicated. These figures are reproduced
from Ref. 50 with permission of Japanese Society for
Bioscience, Biotechnology, and Agrochemistry.

B SEI v N4 oY (2O IR % 4
HLTWRWI Yy FAA4 V) &, MRNEIBRI Y K
HA XY ECIIEEE R L2,
CCTHELNIHELI v FAA v OBREGERMX, H
WARF Y VERIBINAFIET 2 3MEDIFED A L+ = V%
KTHorZ ey holz. 2T, INLDODALF =V
eIk & BT LM T 7 = VRRIBICEIEL, 203y
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FAA VEDWMBEHEET. COLERRI Y VA4 0D,
CHO i s e A£G M oWl % T, Rk, ZRLT
W, G L TR, gENzIy KA v
LRBEOEEHE LY. LrLeds, 0¥
UNTEFFEERASNTRHEDIRETELT, its s
RN E o7z b &, FRESENE LT S
NHWRMErHH L 2EE LT, TEHHY, B
nNTwiwn, ey R 7EZF0bDE LTHEL
EEDLNHMTERDLZ EITLT.

RIE, DM TFNELT, NUBEHo-BARTO
YTFNERMH LY. Cos, MR AORBA £ Y
¥ B, HpWBHEICEE LS 2 W EAER
ENDT, LaV¥—3Blhty b EELHIRZADE
P T b Ao 7z, IR % WV CRBURO W% E
FBRETG, AY = VTRHZFEL LR BB
3H640 mg/lIZbELZ. L TAD, FHI v FAA
VAT ORT0%E, T I KELSBEOT I WA
RELTVWEY. 203 v F# 4~ DOMALDI-TOF
MS 507 D58 % Fig. 4BITR L7z & ORI Id AR
DIV FHIA T UNRZEOT I KM, HIBREEER
PRIEREETNICHET 547 2 VBERSICHAELTWS
DT, THEZT TRy A4 yontiid,
13,779 DaT®» 5. 73/ KW»ro57 I /B, 77 3
JEE, BXOIR2T I VEBEBRINLHB S Y HD
ST, FREN13,112 Da, 12,856 Da, B X O°
12,257 DaTh b. ZOWH, BHEM»EEHED S
YR BEGRBRICLI VM INTwE EEZ LN
A, AREOT I ) KmEREOI v AL VRS
HWIT AT T AI NEMEL, 7ur 7 —ERIELE
BRSMD1168 % v THBIM & 1Ek L TR %% 175
72, Hlif 2 RN O pH I, %3k o thBSSL D %6811
X boT4E L, BIUKOpHIX, 1 ¥ 2y VR
BT-1 (IGF-1) OFBIBI 122 5\, BBED O
R s L vy 3L Lz, 5612, BHKFORRE
1320°C TI7 5 72.

FORRE, BlbEZIITwiRw, BIEI Yy K[ V%
> 287 HR360 mg/l DFB &R L 72 (Fig. 5). 2o
B EE»S Iy FAA4 U 2KEL, SDS-RY T2V
7 3 ROVESKENE T L 745 % Fig. 6127R L7z,

F7-, KHI v FA 4~ ®MALDI-TOF MS 54 O
Rz Fig. 7WR L7z, ZOMIIRINT 3 13,241.2
i, M+HI'AF YOl TETHY, 5T
1344771, IV FAALVICY M) v 2 AT THD Y
FEVBPMENTGTOFE T TETHS.

O L) ITERMEMIZIE, MoBHid SN TWARWEIE
IV NAIA T E ORI EREICEHR IS L L2
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Fig. 5. High cell-density fermentation of a candidate clone
expressing rh-midkine. Closed squares show concentration of
rh-midkine in medium. Closed triangles show dry-cell weight
of cells in one liter of culture broth. Concentration of rh-
midkine in medium was determined with a HiTrap heparin
column attached to an AKTAexplorer 10S (GE Healthcare Life
Sciences). This figure is reproduced from Ref. 55 with
permission of Elsevier.
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Fig. 6. SDS-PAGE of purified th-midkine. Purified rh-midkine
was analyzed using chemically synthesized midkine as the
standard. Lane 1, molecular mass markers; lane 2, 1 pg standard;
lane 3, 1 pg purified rh-midkine; lane 4, 2 pg purified rh-
midkine. This figure is reproduced from Ref. 55 with permission
of Elsevier.

L7z, 1o/ RREFBTORBARERICIVESNL
vy FAAL vEBL, BAEI Y 7T 2 OR BTz
Y RHAL VERGHAZENTEL LI IR oT.

TULAF a7 4 YOREOBEAICIE, FREHS DS
WY T FVRBEHLESA, BHEIRB IR, 3v
FAA Y7 FVOBHTIE, HIY V82 EDEE
BEINTLE -7z NI, o-HEAENT 050
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Fig. 7. Mass spectrometry of purified rh-midkine. Mass
spectrogram of purified rh-midkine expressed using a-meting
factor pre-pro sequence is shown. Average mass of the purified
rh-midkine was determined. Mass per charge is indicated by
use of m/z. Average masses of spikes are indicated. This figure
is reproduced from Ref. 55 with permission of Elsevier.
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Table 3. Purification of recombinant human pleiotrophin (thPTN) from fermentation broth?.

Fraction Volume (ml) rhPTN (mg)° Purity (%)° Recovery (%)
Expanded bed adsorption 200 950 63 96
Sulfated cellulofine? 195 840 70 85
Gel filtration® 200 828 74 84
PolySULFOETHYLc 80 713 90 72

2Recombinant hTPN was purified from 4.9 liters of fermentor broth.

® Amounts of thPTN were determined by HPLC analysis.
¢ Purity was measured on the basis of the absorbance at 280 nm.

4 Sulfated cellulofine was obtained from Seikagaku Corp. Tokyo, Japan.
¢ A Superdex 75 prep grade (GE Healthcare Life Sciences) column was used.
This table is reproduced from Ref. 56 with permission of Japanese Society for Bioscience, Biotechnology, and Agrochemistry.
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Fig. 8. Circular dichroism measurement of purified rh-
pleiotrophin. Circular dichroism (CD) of the purified rh-PTN,
0.203 mg/ml in saline, was measured from 200 to 250 nm
using J-500A CD spectropolarimeter (JASCO Corp., Tokyo,
Japan). It is deduced from the spectrum that rh-PTN has
disulphide bond(s)*” and B-structure(s)’® in the molecule. This
figure is reproduced from Ref. 56 with permission of Japanese
Society for Bioscience, Biotechnology, and Agrochemistry.
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Fig. 9. Effect of C-terminal repeat number and expression
cassette copy number on expression of BSSL. Relative thBSSL
expression to standard is plotted against C-terminal repeat
number in the ThBSSL (A). The standard is the expression of a
recombinant P. pastoris that is fransformed with the expression
plasmid constructed with ¢cDNA coding 16 C-terminal repeat
BSSL. Relative thBSSL expression to standard is plotted against
copy number of the expression cassette in a transformant (B).
The standard is the expression of a transformant that is integrated
with one copy of the expression cassette. Recombinant hBSSL
was expressed using shaking flask culture of the recombinant
Pichia cell. Amount of thBSSL in the medium was determined
from esterase activity.
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TER L 7- €% TR BRSOV T, /NEUES 34 % i
HL-EEEREL X ORI Z K A7 (Fig. 10).
(Murasugi, A.: Optimized production of recombinant
human proteins in fermentor cultures of the yeast, Pichia
pastoris, Current Topics in Biotechnology, Volume 4,
103 (2008)*® %5, Research Trends D FF 1] % £ Tk .
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(Fig. 10, la).
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134200 mg/l & 7 - 72 (Fig. 10, 2b). Z O5EHIH
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Fig. 10. Schematic representation of rhBSSL expression in
fermentor with various conditions. a and b in the figure, time of
induction with methanol; a in line designation shows short
period glycerol feeding, and b in line designation shows long
period glycerol feeding to obtain high cell density; line 1la,
methanol induction is started at low cell density; line 2b,
glycerol feeding is continued to high cell density, and then,
methanol is added for induction; line 3b, the same condition
with line 2b except that glycerol is fed at pH 3 or 4 at growth
phase; line 4b, the same condition with line 3b except that
glycerol is fed at unlimited rate at growth phase. This figure is
reproduced from Ref. 68 with permission of Research Trends.
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(Murasugi, A.: Optimized production of recombinant
human proteins in fermentor cultures of the yeast, Pichia
pastoris, Current Topics in Biotechnology, Volume 4,
104 (2008) ¥ 7%, Research Trends @& 1] % 4 Tl #k)
WL 7.
T, NUREMICB T 2 RBIHEAHROE X T

12 3 4 5 6 7

D AEN A o C A SN

kDa

117.3 \ |
755 — 4
rEizss<
48.0 — i :
- J : ]

28.2 — - !

o

ey —

B

o i

194 — e

15.8 — - o

Fig. 11. Expression of rhBSSL in the fermentor culture.
Result of SDS-polyacrylamide gel (5-20%) electrophoresis is
shown. 10 pl of culture medium was applied. Proteins were
stained with Coomassie blue. The arrowhead on the right
shows the position of thBSSL migration. Lane 1, molecular
weight markers; lane 2, 2 days after induction; lane 3, 5 days
after induction; lane 4, 9 days after induction; lane 5, 12 days
after induction; lane 6, 16 days after induction; lane 7, 19 days
after induction. This figure is reproduced from Ref. 68 with
permission of Research Trends.
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Secretion vesicle

e e
SRR

Fig. 12. Recombinant hBSSL synthesis in P. pastoris. Nascent thBSSL enters into endoplasmic reticulum, goes through it, and gets
into Golgi. It is transported from Golgi to a secretion vesicle and finally secreted from cell into medium. [Panel A (left)] A
photograph of whole cell is shown. The photograph shows that a great numbers of BSSL-specific immuno-gold particles are
concentrated in the secretion vesicle in which a high concentration of synthesized rhBSSL molecules are packed. The secretion
vesicles are concentrated at a small part of the cell near cell wall. The region in “Box B” contains a great number of the BSSL-
specific immuno-gold particles. The region in “Box C” contains a few immuno-gold particles. Arrow and arrow-head show secretion
vesicle and immune-gold particle in secretion vesicle, respectively. [Panel B (Center)] The region in “Box B” in Panel A is enlarged.
[Panel C (Right)] The region in “Box C” in Panel A is enlarged. This figure is reproduced from Ref. 30 with permission of Bentham

Science Publishers.
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Fig. 13. Capture of rhBSSL from high cell-density
fermentation broth. High cell-density culture broth was diluted
with the same volume of distilled water, and rhBSSL in the
broth was collected by expanded bed adsorption using
Streamline SP resin (GE Healthcare Life Sciences). Streamline
SP was equilibrated with 50 mM sodium phosphate, pH 6.0.
After application of the fermentor broth, the bed was washed
with the same buffer. Recombinant hBSSL was then eluted
with 0.4 M NaCl, 50 mM sodium phosphate pH 6.6. Samples
(10 pl each) from the media and the eluate were submitted to
SDS-PAGE, and proteins were stained with Coomassie blue.
Lane 1, molecular mass markers; lane 2, medium of the diluted
culture broth; lane 3, medium of the diluted culture broth that
flowed through the column; lane 4, salt eluted rhBSSL. Arrow,
the position of thBSSL. This procedure was conducted at room
temperature. This figure is reproduced from Ref. 53 with
permission of Elsevier.

AT H89%



1996 4R ([Z B RF I 2 BIG L 727177, & 512, RBEY
300 mg/l DFERZ T, 19984E LML TWwa ™.

z %®

KL D—oDF—<iF, IV ALY, BIO
Y NT LA T b7 ORI X BN
Thb. ZORBEROMREL LTH LN KEOHIE
A UL, HEEERE X O EROM I T — %
OBREZRIZLTCVwBEEEZ TS, T2, 39 —D20D
7 —~ T % rthBSSL O/NUEE 34 2 F 72 58 BIEE 38 C
i, Won®, ThFEFTHXaLICRBREN TR
BB ENHEEINTBY), ZOHTHEEID S
LEZTWD, INFTHRIATONTI b o Rz
FEO—oIL, ¥ 7RI 2 ARSI, ) tu—
IRIEEE ZHIBR L 20722 & Th D, TOFR, ¥
BB KIBICERE SN2 $72, ZHICZDO 23T
0% & LTW/zmThsb, £y 7 HOBBIZEW
T, FHYOZER, M ZAMBORREIC X > T,
ENENOGETHFMEOBIRPLETHAH. I HIT,
CE TIOR3 — 2% LCh, S
WD W &b~ OFEBRTHR L 2. 2,
MOMREZICL > TOHRSNA™., ZhETl~RT
X723FD Y v BORBUCHET AR R, oy v
NI CORBPARATHRRSIELI LTI, Mo5Hho
vy hNeRBESD.

BbHY N7 HERFER L TUWIEBLIT 2 R8BIk &
T25720121F, HHTL25WY 7T VORI, EASh
BNy YOIV Er R R REICT LN
Wb, NHUREFRERE L2 EEZTIBIE, Th
ZNOBIT, WE pH BXUDO, A%/ —
WICLDFEEDI A I TR E, HIY v 32 oMY
RENFETIIHONTVLIEREZ D LITHD, S 5I1Hk
BTLZENLETHS.

Y TRERLRRE & LN HBBLREMGH L OB E
72thBSSLIZ#E L 72O R &I DWW T, Trimble 5
DFENC AT L2, JeARmMIZIE, 1RO N-TURESE, 3
ANZH BN L 72 ManwGlcAc:, B & O D O- BIMESK
PAAET . O-BUNESH O &, MRS 2 B Z 2 A1
RV —ATHY, 1 » PO 2MH OBEG T DR
L IR b 2w, Zok &) VIBTBRi S O-
HIFESH S M SN T\ 5. [AEIC, Mechref 5, BL O
Que 5%, b MEFLOBSSLIZAEES L7 BSOS % 7
MM L2277 26 53 1 ARON-BURE & #E D
O-TIBESHEN B S LE 2 bt s, N-BIFESH L, 241
BarnL-fEs LTBY, N-TE2F U7 as 3
VIR Y ) = ARIEDIE NN, T =A%

20114F 25107

G, EHIIN-TEFN /A4 53 VBEERP7I—2R
BIEZECHELDHDH. ZOX ) IIN-BRE D4k
KREZEWFZICKRELENIZVWH OO, HEHOBIN
DH:TF R T HHEORFE IR > T b, O-
RS OB T, HFLOBSSLTIE, MrEdT X b #
T, BT ML LTN-TEFUAF VI I VRIS
T aA—AREEEATHS, FRCHIRICRG 35 b M
YN HERMEE R TR TEEL LY & T
L4, ZOX) RHEFBEOENIREZBEE 25
259,

B, fEE Y 7 BRI 2 BT TmICZE LT
v MRS LY X B ERBLS 5 DS,
HOLBEITAD LI T hoTERET. HARMICIE,
BEEXF TR, ¥ 87 BITHEAT O 4K,
BLUZoOMELR EIZHEGT 5 ¥ X 7RG IR E
f2F BlzIF48ET) ZWOBRE, b MEHOER,
BLUOZOWEHRD Y V8 H~OHEE T SRR
BIZFHE (PIZIE148(5T) 2EFEF TEIHIGEA
FTHIETHAD., TOLIIYUEEINAGTEE F 7 HEHE
AL T Mesh/7-fgEz e Lze oy 87
BEBMESELTENTE, Lrd, EXFTEHENMES
YR AFBMAOR R TATEHTE 2 L) I ud
M THE., ZOLHITRBLIHESY VN7 HD, b
W LTHIE E LTER L2 TR, CosdiRiE, K
HMELTOL MY YNV HEEET D, SHICEER
FEERS.

B #

A5 )= VEALERE, X 7R (Pichia pastoris)
DR 7 BHEIRIL, BIETEIVWAWAE LY V8
JEOFEBRIILMHAIN TS, HIWY Y X7 %5
WTHTENTE LR R 7RO S BER%E
&0, KEOHWNS V87 HO, R~ o) %
A ERTELWEEESH L. FEHEOIE, ZOVAT
ARAVT, M2 X TRIOEBEERERIZID, 3
FEoe by 28, A4 b4 Y (FR3EERT)
THbHIV AL vETLAF a7 4y, BLUOHA
JRAHERIE AL Y S — B D F8 & il 7.

Iy FHIAL VOB TER, FTREGOGWY S VvE
L7z &, L3y FAA Y OREERERRC
Y= v ) VbR 2T Cwiz, £2TRIS, a-#
GHEFOGWT T FVEMH L. Tk X, i
BWLT2Iy A Vid~vy 7 UvfbeZir T 6§
HHEIIF 640 mg/I TH-72. LaL, BHRWOHT0%
X, 73RN S WL 0D T I JEIRELTW.
CORREIPBKI, TuFT —EARBKRERFIEE LT

581



AL, 8%, 20°C, pH3DE&M T -7z, 1K
DAY ) —=VIZXBFER TR, Bish TR VEIE
Sy A U360 mg/lfEoiiz, LAt ba7 4
YO, o-BEERTOHFW Y 7FIV, BXOHEE
ELTCGSISAMAL T REZERL, I v
AV ORMEERFEMCRIRGEETo72. 72720, 3B
. pHS5Tiro7z. A% ) —VIC X B5BFHEAHBT
#1260 mg/lOBHIi SN TVWARVWEIETS LA+ ha 7 1
AR E NIz, WIRWAETRBIRA M) — AT 4 O
WEoT, ¥BEHRBTOTLAF b7 4 ¥ %96%DIL
HACHILL 7.
JHAIEEAL Y S — B DRBTIE, S UYBEROAL R
WE =By SRV EM L, AN R 7
BB RIZB W TIL, HIERIEYEL ) 28— ¥ D58,
VMBI TA Y ) —VICk s THFEEN- L X, 5
BUEWXIZE A EEHPICER Lo/, 22T, A
5 7 —IVIZ X % iFE o I ] R0 1 R R 5 5t 0] o 55 22 510
HAME L, IS EREILL Az REBIIER
1000 mg/l DR EEIGTEAL ) /S —E %, B &R &
EOND IR

Yk 7R S X BEBLRIL, BEICRED Y ~
N BEEEGDEFED D DB N e TEEE o TV 5.
Eigo ko, 3foe by U7 HIZonT, 44D
AATEE AR ORGR, W) A R AAER, B X O 5
EFT, TS OEEERBEZTY, MRk LTK
BHOL MR Z 7 AR NT. Mz 5 %y
B TEMNEFET 5 720020, BY) 7 fil e 2 AR /EHL,
B LR BELEMFORELSVLHETHD, LrdIh
LIEREE O AW5ETHSH. 2Ttk EN-Ihb
O#FEL, Dy ¥ 3T EORBERD 72O BRI
DA,

X [

1) Couderc, R. and Baratti, J.: Agric. Biol. Chem., 44,
2279-2289 (1980).

2) Cregg, J. M., Madden, K. R., Barringer, K. J., Thill, G. P.,
and Stillman, C. A.: Mol. Cell. Biol., 9, 1316-1323
(1989).

3) Wegner, E. H.: United States Patent, US4414329 (1983).

4) Wegner, G. H.: FEMS Microbiol. Rev.,7,279-283 (1990).

5) Sreekrishna, K.: Encyclopedia of Industrial Biotechnology:
Bioprocess, Bioseparation, and Cell Technology,
(Flickinger, M.C.), John Wiley and Sons, Inc. (2010).

6) Higgins, D. R. and Cregg, J. M.: Pichia protocols
(Higgins, D. R. and Cregg, J. M.), p.1-15, Humana
press (1998).

7) Tschopp, J. F.,, Brust, P. F.,, Cregg, J. M., Stillman, C. A.,
and Gingeras, T. R.: Nucleic Acids Res., 15, 38593876
(1987).

582

8)

9)

10)
11)

12)

13)
14)

15)
16)

17)

18)

19)
20)
21)
22)

23)
24)

25)

26)

27)

28)

29)

30)

31)

32)
33)

Cregg, J. M., Tschopp, J. F., Stillman, C., Siegel, R.,
Akong, M., Craig, W. S., Buckholz, R. G., Madden, K.
R., Kellaris, P. A., Davis, G. R., Smiley, B. L., Cruze, J.,
Torregrossa, R., Velicelebi, G., and Thill, G. P.: Bio/
Technology, 5, 479-485 (1987).

Sreekrishna, K., Nelles, L., Potenz, R., Cruse, J.,
Mazzaferro, P., Fish, W., Fuke, M., Holden, K., Phelps,
D., Wood, P., and Parker, K.: Biochemistry, 28, 4117—
4125 (1989).

Tschopp, J. F., Sverlow, G., Kosson, R., Craig, W., and
Grinna, L.: Bio/Technology, 5, 1305-1308 (1987).

Barr, K. A., Hopkins, S. A., and Sreekrishna, K.: Pharm.
Eng., 12,48-51 (1992).

Stroman, D. W., Brust, P. F., Ellis, S. B., Gingeras, T. R.,
Harpold, M. M., and Tschopp, J. T.: United States
Patent, US4855231 (1989).

Pichia protocols (Higgins, D. R., and Cregg, J. M.),
p. 249-261, Humana press (1998).

WA — © CACS FORUM, 10, 7-21 (1990).

Fe SRS © B RBRIEHE, 37, 1525-1529 (1992).
Kino, K., Yamashita, A., Yamaoka, K., Watanabe, J.,
Tanaka, S., Ko, K., Shimizu, K., and Tsunoo, H.: J. Biol.
Chem., 264, 472-478 (1989).

Tanaka, S., Ko, K., Kino, K., Tsuchiya, K., Yamashita,
A., Murasugi, A., Sakuma, S., and Tsunoo, H.: J. Biol.
Chem., 264, 16372—-16377 (1989).

Murasugi, A., Tanaka, S., Komiyama, N., Iwata, N.,
Kino, K., Tsunoo, H., and Sakuma, S.: J. Biol. Chem.:
266, 24862493 (1991).
http://di.mt-pharma.co.jp/mdw/code/

Sumi, A., Okuyama, K., Kobayashi, K., Ohtani, W.,
Ohmura, T., and Yokoyama, K.: Bioseparation, 8, 195—
200 (1999).

BRIFSR, BOLF= A 3 R B KHFER
HARPDA =i GMP &3 77— 3 >, 2, 28-33 (2000).
Muramatsu, T.: Proc. Jpn. Acad. Ser. B, 86, 410425
(2010).

Muramatsu, T.: Curr. Pharm. Des., 17,410-423 (2011).
Hernell, O. and Blackberg, L.: J. Pediatr., 125 (5 Pt 2),
S56-61 (1994).

Murasugi, A.: Ehrlich 1I-2nd World Conference on
Magic Bullets, Niirnberg, Germany, Abstract book
A-223 (2008).
http://tools.invitrogen.com/content/sfs/manuals/pich-
multi_man.pdf

Romanos, M., Scorer, C., Sreekrishna, K., and Clare, J.:
Pichia protocols (Higgins, D. R., and Cregg, J. M.),
p. 55-72, Humana press (1998).

Lin-Cereghino, J. and Lin-Cereghino, G. P.: Pichia
protocols 2nd Ed. (Cregg, J.M.), p.11-26, Humana press
(2007).

i B RAMNY =TV A ¥ URTEFERE2 (K
BB, SR —, BRI, N &), p. 55-62
HEALZAF A (2002).

Murasugi, A.: Recent Pat. Biotechnol., 4, 153-66 (2010).
http://tools.invitrogen.com/content/sfs/manuals/pich
man.pdf

BIE—IE - BMEERMFRT— A4 7, 1,e018 (2008).
Stratton, J., Chiruvolu, V., and Meagher, M.: Pichia

AT H89%



34)
35)

36)
37)

38)

39)

40)
41)
42)

43)

44)

45)

46)

47)

48)

49)
50)
51)
52)
53)
54)
55)
56)

57)

58)

protocols (Higgins, D. R., and Cregg, J. M.), p. 107—
120, Humana press (1998).
http://www.biotechlab.net/UserFiles/File/787348 Ref
Invitrogen2002.pdf

Lin-Cereghino, G. P., Lin-Cereghino, J., Ilgen, C., and
Cregg, J. M.: Curr: Opin. Biotechnol., 13, 329-332 (2002).
Muramatsu, T.: J. Biochem., 132, 359-371 (2002).
Kadomatsu, K., Tomomura, M., and Muramatsu, T.:
Biochem. Biophys. Res. Commun., 151, 1312—1318 (1988).
Tsutsui, J., Uehara, K., Kadomatsu, K., Matsubara, S.,
and Muramatsu, T.: Biochem. Biophys. Res. Commun.,
176, 792-797 (1991).

Iwasaki, W., Nagata, K., Hatanaka, H., Inui, T., Kimura,
T., Muramatsu, T., Yoshida, K., Tasumi, M., and Inagaki,
F.: EMBO J., 16, 69366946 (1997).
http://www.rcsb.org/pdb/explore.do?structureld=1MKN
http://www.rcsb.org/pdb/explore.do?structureld=1 MKC
http://www.cellmid.com.au/content_common/pg-key-
patents.seo

Takenaka, H., Horiba, M., Ishiguro, H., Sumida, A.,
Hojo, M., Usui, A., Akita, T., Sakuma, S., Ueda, Y.,
Kodama, 1., and Kadomatsu, K.: Am. J. Physiol. Heart
Circ. Physiol., 296, H462-469 (2009).

Sumida, A., Horiba, M., Ishiguro, H., Takenaka, H.,
Ueda, N., Ooboshi, H., Opthof, T., Kadomatsu, K., and
Kodama, I.: Cardiovasc. Res., 86, 113—-121 (2010).
Rauvala, H. and Pihlaskari, R.: J. Biol. Chem., 262,
16625-16635 (1987).

Li, Y. S., Milner, P. G., Chauhan, A. K., Watson, M. A.,
Hoffman, R. M., Kodner, C. M., Milbrandt, J., and
Deuel, T. F.: Science, 250, 1690—1694 (1990).

Maruta, H., Bartlett, P. F., Nurcombe, V., Nur-E-Kamal,
M. S., Chomienne, C., Muramatsu, T., Muramatsu, H.,
Fabri, L., and Burgess, A. W.: Growth Factors, 8, 119—
134 (1993).

Seddon, A. P., Hulmes, J. D., Decker, M. M., Kovesdi, 1.,
Fairhurst, J. L., Backer, J., Dougher-Vermazen, M., and
Bohlen, P.: Protein Expr. Purif., 5, 14-21 (1994).
Murasugi, A., Aiba, Y., and Asami, Y. J. Biosci.
Bioeng., 90, 395-399 (2000).

Murasugi, A. and Aiba, Y.: Biosci. Biotechnol. Biochem.,
66, 1295-1300 (2002).

Asami, Y., Nagano, H., Ikematsu, S., and Murasugi, A.:
J. Biochem., 128, 823-826 (2000).

Murasugi, A. and Aiba, Y.: Biosci. Biotechnol. Biochem.,
65, 2291-2293 (2001).

Murasugi, A., Asami, Y., and Kikuchi, Y.: Protein Expr.
Purif, 23,282-288 (2001).

Brierley, R. A.: Pichia protocols (Higgins, D. R., and
Cregg, J. M.), p.149-177, Humana press (1998).
Murasugi, A. and Aiba, Y.: Protein Expr. Purif., 27,
244-252 (2003).

Murasugi, A., Kido, 1., Kumai, H., and Asami, Y.:
Biosci. Biotechnol. Biochem., 67,2288-2290 (2003).
Kilpeléinen, I., Kaksonen, M., Kinnunen, T., Avikainen,
H., Fath, M., Linhardt, R. J., Raulo, E., and Rauvala, H.:
J. Biol. Chem., 275, 1356413570 (2000).

Chen, Y. H.,, Yang, J. T, and Martinez, H. M.:
Biochemistry, 11, 41204131 (1972).

20114F 25107

59)

60)

61)
62)

63)

64)
65)
66)
67)
68)
69)
70)
71)
72)

73)

74)

75)

76)

77)

78)

79)

80)

Murasugi, A., Asami, Y., Kido, I., and Kumai, H.:
United States Patent, US6867037 (2005).

Hansson, L., Blackberg, L., Edlund, M., Lundberg, L.,
Stromqvist, M., and Hernell, O.: J. Biol. Chem.: 268,
26692-26698 (1993).

Bléckberg, L., Hernell, O., Olivecrona, T., Domelldf, L.,
and Malinov, R.: FEBS Lett., 112, 51-54 (1980).

Swan, J. S., Hoffman, M. M., Lord, M. K., and
Poechmann, J. L. P.: Biochem. J., 283, 119-122 (1992).
Hamosh, M.: Textbook of gastroenterology and nutrition
in infancy (Lebenthal, E.), p.121-134, Raven press
(1989).

Andersson, Y., Sdvman, K., Blackberg, L., and Hernell,
O.: Acta Paediatr., 96, 1445-1449 (2007).
http://www.sobi.com/Product-Pipeline/Development-
pipeline/Kiobrina-/
http://www.sobi.com/PageFiles/356/Study020 eaps
abstract FINAL.pdf

Baba, T., Downs, D., Jackson, K. W., Tang, J., and
Wang, C. S.: Biochemistry, 30, 500-510 (1991).
Murasugi, A.: Curr. Topics Biotechnol., 4, 101-108
(2008).

Trimble, R. B., Lubowski, C., Hauer III, C. R., Stack, R.,
McNaughton, L., Gemmill, T. R., and Kumar, S. A.:
Glycobiology, 14, 265-274 (2004).

WA =, AR R 5-245079 (1993).

Das, G.: WIPO Patent Application, WO/1996/037622
(1996).

Das, G.: United States Patent Application, US2003/0040040
(2003).

Sahasrabudhe, A. V., Solapure, S. M., Khurana, R.,
Suryanarayan, V., Ravishankar, S., deSousa, S. M., and
Das, G.: Protein Expr, Purif., 14, 425-433 (1998).
Hang, H., Ye, X., Guo, M., Chu, J., Zhuang, Y., Zhang,
M., and Zhang, S.: Enzyme Microbial Technol., 44,
185-188 (2009).

Mechref, Y., Chen, P., and Novotny, M. V.: Glycobiology,
9, 227-234 (1999).

Que, A. H., Mechref, Y., Huang, Y., Taraszka, J. A.,
Clemmer, D. E., and Novotny, M. V.: Anal. Chem., 75,
1684-1690 (2003).

Hamilton, S. R., Bobrowicz, P., Bobrowicz, B.,
Davidson, R. C., Li, H., Mitchell, T., Nett, J. H., Rausch,
S., Stadheim, T. A., Wischnewski, H., Wildt, S., and
Gerngross, T.U.: Science, 301, 1244—-1246 (2003).
Bobrowicz, P., Davidson, R.C., Li, H., Potgieter, T. L.,
Nett, J. H., Hamilton, S. R., Stadheim, T. A., Miele, R.
G., Bobrowicz, B., Mitchell, T., Rausch, S., Renfer, E.,
and Wildt, S.: Glycobiology, 14, 757-766 (2004).
Vervecken, W., Kaigorodov, V., Callewaert, N., Geysens,
S., De Vusser, K., and Contreras, R.: Appl. Environ.
Microbiol., 70, 2639-2646 (2004).

Hamilton, S. R., Davidson, R. C., Sethuraman, N., Nett,
J H., Jiang, Y., Rios, S., Bobrowicz, P., Stadheim, T. A.,
Li, H., Choi, B. K., Hopkins, D., Wischnewski, H.,
Roser, J., Mitchell, T., Strawbridge, R. R., Hoopes, J.,
Wildt, S., and Gerngross, T. U.: Science, 313, 1441—
1443 (2006).

583



