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Abstract

f-glucosidase is an important enzyme produce in most organisms. (-
glucosidase catalyzes the hydrolysis of alkyl- and aryl-B-glucosides, dighicosides and
oligoglucosides. These functions have important applications in industrial production
such as sugar, brewery and feed respectively.  However, high level of protein
production is still not simple. In this research, we expressed plant $-glucosidase in
Pichia pastoris which is an excellent system for recombimamt protein production. 2.
pastoris 18 an excellent host for high level heterologous gene expression.  The
recombinant P. pastoris was engineered by cloning fglucosidase ¢cDNA from
Dalbergia cochinchinensis Pierre (Thai Rosewood) into plasmid pPICzaB thrombin
under the control of AOX7 promoter then integrate to P. pastoris Y-11430 genome.
The highest (3-glucosidase expression clone was used in fed-batch fermentation with
DOT stat control. At the end of the process (150 h), about 5.7 L of culture broth was
recovered with 135 g L' DW, 5,113 U L™ of B-glucosidase and 700 mg L™ of total
protein. About 2,600 g of methanol was used and 29,144 U of B-glucosidase
accumulated. Then, the culture broth was used to study the purification process of -
glucosidase by expanded bed chromatography. At pH 4.0 and conductivity about 5.0
mS em” is an optimum binding condition and at pH 5.0 and conductivity 24.7 mS cm’
is an optimum elution condition of B-glucosidase by Streamline SP resin. Based on
these optimum conditions, the expanded bed process was designed to purify B-
glucosidase from P. pastoris culture broth. About 48% of B-glucosidase was

recovered with 8.8 times concentrated and 2.1 times purified.
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fetuedadnual
AOX Alcohol oxidase enzyme
aox Alcohol oxidase gene
ATCG Nucleotide containing the base adenine, thymine, cytisine and

guanine, respectively

BMGY Buffered glycerol complex medium

BMMY Buffered methanol complex medium

cDNA Complementary DNA

Ceq Protein concentration under equilibrium condition
Co Initial protein concenfration

DOT Dissolved oxygen tension

GBS Glycerol basal salt medium

pPICzaB Expression plasmid which used in this research
Qeq Equilibrium capacity

pm Revolution per minute

SDS-PAGE  Sodiumdodisy! sulphate polyacrylamide gel electrophoresis
Vads Resin volume
Vi Total reaction volume

vvim Volume per volume per minute
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niunedns, 85% HiPO, 26.7 lindtnsaaiag, CaSO, 0.93 niuAeans, K,SO, 18.2 nsy
sodnT, MgS04.7H,0 14.9 niusedas, KOH 4.13 niuaoans, usr PTMI trace salts
4.35 landinsseadas) d iy PTMI trace salts 1u 1 8as tszneudse CuSO, SH,0 6.0
niy, K1 0.08 3, MnSO4H,0 3.0 a5u, Na;Mo0,2H,0 0.2 3y, H:BO; 0.02 nsu,
ZnCly 20.0 ni, FeCls 13.7 n3u, CoCh.6H:0 0.9 niy, H,S04 5.0 fiad@ns uay biotin
0.2 n3u °luﬂ5:mummﬁnﬁquﬁgﬁ, #oy, DOT (MMTaza1we0ndian), dasinsly
0IMA, ANWAY, BATINIINIU HazNITAILNITTRUIDIMIHAarD ﬂ:‘l%ﬁzuumuammu

on uiA Taenszutumavinezuashy 4 491 fs



l. Glycerol batch phase: 1lumsiniwnrad Tnverdunszurumsmiouu
1 q" q’ ¥ ¥ IL ns & 3
Batch nizvaumsluwsfivzFugailafoladldndiesoaumun Funaldanmadiviiu

2019730132994 DOT Jagszldianszua 18-24 $21u4

2. Glycerol fed-batch phase: iflumsdinsuanusad laverdonszuumsnsinuuy
Guasems nssummstusaeiilimadunianson 500 niudadas 75 12 indaasde
fn3 vaa PTMI trace salt asms@uemsszilums@uuuy exponential aszuiums
“lu*ﬁa&f%xéuqmﬁﬂmmﬂu1uﬁwmwmfﬁﬁ1ﬂszmm 40 nsudedas  dmrinaduds

3 1
Yuaeiivgdnantszanm 3.5 #21u4

3. Methanol induction phase: 1HunszUIUNIIRSEAUMIWAR TUTAL TAvenfY
¥ E 4 [
NIZUUMSUINIUY Aumsoms ATEIUMS TUTRLWIRNNTIUEE 99.5% Hil PTMI trace
& Cne [ 1 ar gs  GF [ = ::; LY 1oy ]
salt 12 yononsnoass t‘i"rﬁ;{mnunmﬂamﬂmsmwmmﬂ (lszainu 2 niudodnsae
M ; o, W e A 1
21wy welddaatinm lumsyfudh fusmweadiuesnsgdu uundemivon uaz

= ] s 1 qy ar
Wuunasmasay nszuuns ugioe 1 Fnadszue 3 $9Tua

4. Production phase: Wunszuiumsniugumnan lsdunuuiAnmsemis Teo

BIFYITULAIUANM DAV EIWBaUUD DOT stat LARININITHA 2.

MeOH pump

] Feed
. DOT
Set point_ @;\ Controtler —=° »| Fermenter | »
+3570

¥

oA 2.531mUuMsNNSweauy DOT stat

¥ 1 1
AIZUIUMS Iuduiiss@uusiuea 99.5% A5 PTMI trace salt 12 Jaaaaiaeans

Wgdemindle DOT fidgeant 25% unswgaiduiie DOT widuwiedinn 25%

nizwumImInAuiumIneld gumngll 30, dasimsiionm 6 Gnsrednsaodalua,

w3 N1IMIK 1,000 soudanIi wasfiay 5.0
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DOT (%)
b2

b)

Methanol conc. (mg L'l)
o
3

0 20 40 60 80 100 420 140 160
Cultivation time (h)

ami 3. HAYIMIATURUMTANNTNOauDY DOT stat dawald 2) DOT Juaas

production phase (VI) fifnsfiiiiu 25% (set point) b) ATmduduvouswen

Tuara production phase (VI) “lmfmﬁnaﬂm%ue’imiwmmmu15ﬂ1umﬁm‘51:ﬁ

K = L4
VSUATTINATIEH

2NN 3a fnmdszna 22 $9Twe DOT iuetaadadiuninidains
éuqﬂ Glycerol batch phase oS adiumsninluduaeufiaes (Glycerol fed-
batch phase) TasdhnisiAunfirosoa 500 niudedns Al PTM1 trace salt 12 fiadansds
fns TauSasmafumsornsTusuieTums G exponential siforhminiradings
Audude 40 niusdodns (25.5 FaTua) Seimsdiunssuumsminezidig Methanol
induction phase Tauifums1un 99.5% Afi PTMI trace salt 12 iafansnofng Whgdansn
Awdanmeduianm alszanm 2 nfusedasdeta Ty e ldBadinatlumsiugfeels

Y U o + o ] o 3
mmuﬂmﬂumsmzau, Lﬂuxmmmmau Lmzr‘i‘lmmmwmam amq'lmmnmmm’fmu
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¢ £ o - w P ¥ o
vosns e lurnbsgaiudumandluami 3b  Tnondevniianududuvssssiuea
anns ThinslSunszuaumsnindigszozaaiode production phase nIzuIUMS
1 » ]
lurilszarfuszuuniugums@nmsiueanuy DOT stat thlndal DOT lusasiineh

L 25% (set point) (MW 3a)

::i ] =3 o g 3 = =1 “’:
3R 2. szoznalumsniin, Jsnasaduds, minsmnudngInding, Tusduimua

ez suiamaduus L aaasan

Cultivation Cell p-glacosidase Total protein Methanol
time (h) @L) UL (mg L™ feed (g)
21.9 25.2 0 40.824 -
25.4 42.38 42.088 83.972 0
31.9 50.13 147.306 140.396 110.7
47.2 79.78 662.878 409.240 468.8
56.1 95.64 1157.407 555.022 710
70.1 108.86 2041.245 629.958 1026.8
79.2 116.62 2525.251 631.617 1219.8
95.4 123.62 3535.352 648.213 1551.1
103.1 126.52 3777.355 674.765 1703.3
119.4 129.64 4429.711 678.084 2026.6
125.8 130.36 4555.974 684.722 2152.6
149.7 135.05 5113.634 697.999 2609.5
4500 1 180 T —— 10000 [ 1200
4000 1 160 | o pou — o
= 3500 | <7140 { S Prowcin - sooo = [ 1900
C ) —=— Meth. = E”
3000 { = 120 | 800
= 08 6000 g =
$ 2500 { 100 | k4 =
= =z Sleo G
& 2000 { = 80 4000 = 2
et =] Tt
o 1500 = 60 | S 1400 o
= 1000 | S 40 - 2000 Bt | 0p0 2
5001 20 A =
0 0 - - - 0 0
0 20 40 60 80 100 120 140 160

[] »
Wi 4. srmduiusveimudula, mssdawdinglafdee, Tdsduiome uazilSuams

WUT B

Caltivation time (h)
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A9197 2 woza il 4 wanaliiiiudswaveamsuaniou lediuding Tndwauuuiiy
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WuwABANT LA total protein HMYszinm 700 Hadniudeans lavlSuauusiueaiify

W
W T ludandinnanuaminy 2,600 a5y

108.0 kDa
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H = o a v : o - a 1 =1
MmN 5. msamsed lsauludediniminnszeznaimsnindisg #2095 SDS-PAGE
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uazdouaadlu Coomassie blue
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Tilssaeutinuui ls@uiulSnandesnn Tavvinevessaeuduuuiiudinglafine (88
kDa) ﬁajumimjﬂ:hm?’fmqTﬂﬁmﬁﬁﬁﬁ'ﬂmmné‘ﬂmmﬁqua (66 kDa) (Ketudat- Cairns
et al., 2000) FsfiAatuihineiumavesnszaums over glycosylation Fasinvulaly

a = o = 3
nszuumMsHanIneutuuun llsaulae P. pastoris (Bretthauer and Castellino, 1999)
= d
3.3 mnzruezajlwanminaaes

dl. C:’ - :’ L= N | - =i =

WeduganszuuMIUTIanihminlian)szum 5.7 8as Tasiimsaumsiuen 'l
o @ 4 o = o = Y o
wau 2,600 03y e ldlanandaveusu lsdiudingTnd@ealunszuaumsiivigy
29,144 wiw  TevdedAnilunaldveusu lafiuding Indiaaninmsiuoaseiinnlszing

11.2 wiwdensy  Taswuhmdaniuwizvesmswdaeu laiuding Indnadialszing
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a r 5 -y . ’c:. Ex
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404 equilibrium capacity (Qeq) lavsjudundntwavesfioruaz fAmsvi ifhwes

onnzai

3 . o -y g4 o ot ] '
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o - N 2 oy w o - ¢ w )
Tuars nniudiudiunu 5 afs Suiwesatinandudy 50 Tadluay Tanivilesinly
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] o o ey ot = oo T
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= Purification Vol. Flow Total Total  Specific  Purifica- Recovery  f-glu  Cone.
step {ml) velocity activity proledn  sctivity tion of f-glu cone. factor
{cmh") () (mg) _ (Umgh) factor (%) {U ml'"
Feed 1500 - 2212 145 15.3 (1) {100) 1.5 {1
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Flow-throngh 1500 340 a08 65 - - 7.5 - -
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Elate 80 140 1052 33 318 21 47.6 13.2 8.8
Total - - 92.6 B4.8 - - - - -
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Introduction

osidase (EC 3.2.1.21) catalyze the hydrolysis of P-glucosides to
2 glucose and an aglycone [1]. P. pasforis expression of
binant gene can be induced by methanol by the use of alcohol
el {(A0XI) promoter |2]. The recombinant P.pastoris was
ered by cloning fFglucosidase ¢DNA from Dalbergia
chinensis Pierre [3] into pPICzaB under the control of A0XT
ter, then integrated to P. pastoris Y-11430 genome, The
nol limited fed-batch (MLFB) process was designed to obtain

cell density, improve productivity and aveid methanol
-ation [4].

panded bed adsorption (EBA) is a single step for recovery of
ducts from crude particulate-containing feedstock [5]. The
us types of adsorbents have some disadvantages such as low
y and salt sensitive that make them not suitable for recovery of
binant proteins from P. pastoris culture broth because it has
ell density and high salt concentration. The Streamline Direct

(GE Health care) is a new type of adsorbent with increased
v (1.8 g/1) salt tolerant.

- present work, we integrated the high performance of P.
s fed-batch fermentation for high-level expression of

binant B-glucosidase with the EBA recovery processes using
nline Direct CST1.

Results

Fed-batch fermentation profile of
-glucosidase production by P. pastoris

L]
B0 W s w0

Equilibrium capacity (Qeq) and Dissociation
condition studies

The Q,, was studied by using clarified supernatant at different pH
values with C0 = 2.687 U/ml and conductivity 15.0 ms/cm, and at
different conductivities with C0 = 1.219 U/ml and pH 4.0. The Q.
was high at pH 4.0 and decreased when pH increased. However, the

conductivity in the range of 6.4-47.0 ms/cm at pH 4.0 have no
significant effect (Fig a).

The B-glucosidase did not dissociate well at low pH even at very high
conductivity. However, it is easy to dissociate at pH 7.0. The good

condition for dissociation was pH 7.0 and conductivity below 100
ms/cm (Fig b).

Dynamic binding capacity (Qg)

Qg was studied by using unclarified P. pastoris culture broth with 60.0
g/l of dry weight, 220 ml/l wet cell volume (sedimented bed hight 20.5
cm, flow velocity 600 cm/min, C0 =4.3 U/ml, pH4.0 and conductivity
15.0 ms/cm). The 5% dynamic binding capacity (Qys.,) was estimated
as the amount of P-glucosidase applied to the column when the
concentration at the column outlet was 5% of inlet concentration.
Qps, of the adsorbent for B-glucosidase was 210.0 U/ml, .

Purification of B-glucosidase from P. pastoris
unclarified culture broth

A Co R Purification | Volume | Flow | Total | Total |Specific| Purifica | Yicld of] -glu | Conc.
step {ml) | velocity | activity | protein | activity | -tion | fglu | conc. |fector
final cell density, total protein concentration, p- e L ::sr;o (l'::; (:]:'::’ "::;' 5 ([1::; ‘U;_':" o
sidase activity and conductivity at 124.3 h of induction prepared B
were 135 g/, 698 mg/l, 5114 UA and 15 ms/cm, .o Rl Sl Sl il I “
ctively. Wash 1400 | 600 121 270 . = 0.7 " =
: Elute 200 | 100 | 12383 | 224 | 5538 | 41 | 744 | 619 | 172
(%) Total | - N B N R TY I = = s i
recovery
Reference

T. (1997). Rec. Adv. Phytochem, 11:311-364,
ghing J. and 1M, Cregg. (2000). FEMS Microb. Rev, 24: 45-66.

Cairns J.R., Champattanachai V., Srisomsap C., Wittman-Liebold B,, Thiede B. and Svasti J. (2000). J
B: 999-1008.

Rotticci-Mulder 1.C., Martinelle M., Hult K. and Enfors 5-0. (2002). Bloprocess Biosyst Eng.

A. (1994), Trends Biotechnol. 12: 296-303.

Purification of recombi

t P-glucosid by EBA was performed
using fermentation culture of P. pastoris with 59.3 g/l of dry weight,
246.4 g/l wet weight and 219.0 ml/l wet cell volume. A low amount of

P-glucosidase was lost in the loading step (4.5%). About 74% of p-
glucosidase loaded was eluted from the column.

Conclusion

MLFB fermentation is a process which can be used for production of B-glucosidase in P. pastoris. The
imline Direct CST1 was proven to be a more salt tolerant ligand compared to previous bead type. this
s it a more suitable adsorbent for recombinant protein recovery from P. pastoris fermentation broth

1g relatively high conductivity (15 ms/cm). The process with Streamline Direct CST1 resulted in a good
rery (74%), concentration (2 folds) and purification of B-glucosidase (2 folds).
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Streamline SP for recovery of recombinant B-glucosidase from
Pichia pastoris high cell density culture broth
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Introduction

* Selected operating condition

ed bed adsorption (EBA) is a technique for single step
y of bioproducts from crude particulate-containing feedstock.
fficiency of novel type Streamline Direct CST1 (CSTI)
nt for recovery of P-glucosidase from P. pastoris high cell
and high conductivity culture broth has been examined and
ed to Streamline SP (SP).

Comparison of CST1 and SP properties

Conditions SP CST1

Feed cell dry weight (g L) 24 60

Feed wet cell volume (ml L") 80 217
B-glucosidase (Cy) (U mI") 1.6 43
Conductivity (mS ecm!) 5 15|
pH 4.0 40 |
Liquid velocity (cm h!) 300 600

Bed expansion 38 33

Breakthrough capacity

CST1 SP
Polymer 4% agarosc 6% agarose
Densifier Steel alloy Quartz
ean density 1.8 g/ml 1.2 g/ml
ean particle 140 mm 200 mm

and structure

Initial screening

Binding condition

Equilibrium capacity (Q,,) for
adsorption of B-glucosidase,
a) at various pH with constant

C,=2.687 U ml"! and cond.
15.0 mS cm! and

b) at various cond. values with
constant C; = 1,219 U ml! and
pH 4.0

best binding condition on SP is pH 4.0 and cond. lower than

15 cm! and CSTI is pH 4.0 and cond. in the range of 6.4-47.0
cm!,

Breakthrough curve of

B-glucosidase of SP and
CSTI

| The 5% dynamic binding
capacity (Qgs..) on EBA of
SP was 160 times lower
than that of CSTI.

Recovery processes

Recovery of B-glucosidase by using SP

Vol. | Total | Total |Specific |Purifica-| Yield | Conc. | Conc.
Step (ml) | B-glu | protein | activity | tion | (%) |(U ml?) | factor
U) (mg) [(Umg')| factor

Feed 1500 | 2212 | 145 | 153 (I |0y | 15 | (p

Flow-through | 1500 | 608 65 - | - 275 -

Wash 1200 | 388 25 - - 17.5 - -
Elute 80 | 1052 3 31.8 2.1 47.6 132 8.8
Total - 92.6 | 848 - - - - -

recovery (%)

Recovery of B-glucosidase by using CST1

Vol. | Total | Total |Specific |Purifica-| Yield | Conc. | Conc,
Step (ml) | B-glu | protein | activity | tion (%) | (U ml?) | factor
(U) | (mg) |(Umg')| factor

Feed 4600 [16630] 1236 | 13.5 M |aooy| 36 |

Dissociation condition

Dissociation of [3-
glucosidase from

a) SP at various pH
with constant cond.
0.8 mS cm’!,

b) SP at various cond.
with constant pH 4.0,

c) CST1 at various pH
and cond.

dissociation of B-glucosidase from SP could be done under
5.0 and cond. 24.7 mS cm’!. For CSTI, pH 7.0 and cond.
¥ 100 mS cm! was good dissociation condition. At cond.
e 100 mS cm!, the hydrophobic interaction of aromatic side

1 in CST1 ligand reduced B-glucosidase dissociation from
¥

Flow-through | 4600 | 353 756 - = 4.5 = -
Wash 1400 | 121 270 - - 0.7 - -
Elute 200 (12383 224 553 4.1 744 | 619 172
Total - 773 | 1011 - - - 5 v

recovery (%)

Conclusion

The high-cell-density and high conductivity of P. pastoris culture
broth resulted in limitation in the primary recovery of target protein.
Low process efficiency was first obtained with the SP due to low
bead density and salt sensitive ligand. By using the new CSTI
adsorbent which has a higher bead density and a more salt tolerant
ligand, the EBA process became much more suitable for direct
recovery of f-glucosidase from the P. pastoris culture broth.
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Abstract

Methanol limited fed-batch cultivation was applied for production of 2 plant derived B-glucosidase by Pichia pastoris.
The B-glucosidase was recovered by expanded bed adsorption chromatography applied to the whole culture broth, The new
Streamline Direct HST1 adsorbent was compared with Streamline SP. Higher bead density made it possible to operate at two
times higher feedstock concentration and at twa times higher flow velocity. The higher binding capacity in the conductivity
range (-48 mS cm™' of Streamline Direct HST1 might be caused by the more complex interactior of multi-modal ligand in
Streamline Direct HST1 compared to the single sulphony] group in Streamline SP. Harsher elution condition had to be applied
for dissociation of B-glucosidase from Streamline Direct HSTI due to stronger binding interaction. The 5% dynamic binding
capacity was 160 times higher for Streamline Direct HST1 gompared to Streamline SF. The yield of B-glucosidase on Streamline
Direct HSTT (74%6) was significantly higher than on Streamline SP (48%). Furthermore, B-glucosidase was purified with a factor
of 4.1 and concentrated with 2 factar of 17 on Streamline Direct HST1 while corresponding parameters were half of these values
for Strezmline SP, Thus, for all investigated parameters Streamline Direct HST1 was a more suitable adsorbent for recovery of
recombinant B-glucosidase from unclarified P. pastoris high-cell-density cultivation broth,
€ 2005 Flsevier B.V. Al rights reserved,

Keywords: B-Glucosidase; Pichia pastoris; Methanol limited fed-batch; Expanded bed adsorption; Multi-modal ligand

Abbreviations: AOX, enzyme alcohal oxidase; eox, alcohol axidase gene; EBA, expanded bed adsorption; P, propidium jedide
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Nomenclature

C B-glucesidase activity in effiuent
(Uml™")

Ceq B-glucosidase activity at equilibrium
condition (Uml~1)

Co B-glucosidase activity at initial

condition (Uml~1)
DOT  dissolved oxygen tension (%)
Op binding capacity (Umlygs™})
Oeq equilibrium capacity (Umlgg,™1)
Vads volume of adsorbent (ml)
Vesr volume of effiuence (ml)

WV total reaction volume (ml)

Vo system dead volume (ml)

Vy breakthrough volume when 100C/Cy is
X% (ml)

1. Introduction

$-Glucosidase (B-glucoside glucohydrolase; EC
3.2.1.21) catalyzes the hydrolysis of alkyl- and
aryl-B-glucosides, as well as diglucosides and
oligosacharides, 1o release glicose and an aglycone
(Reese, 1977). These enzymes are found wildly in
microorganisms, animals and plants, indicating their
general importance fo life. B-Glucosidases have been
widely studied because of their important roles in med-
ical, agricultural, biotechnological and industrial appli-
cations (Gueguen et al, 1997; Ducret et al.,, 2002).
Seeds of Thai rosewood, Dalbergia cochinchinen-
sis Pierre, were found to contain high levels of -
fucosidase and B-gluicosidase activities {Surarit et al.,
1995). The pure enzyme has B-glucosidase as well as
B-fucosidase activities, an apparent subunit molecular
weight of 66 kDa by SDS-PAGE and an apparent native
M; of approximately 330 kDa (Srisomsap etal., 1996).

Pichia pastoris (P. pastoris) is frequently applied
for production of recombinant proteins, mostly under
control of the aox! promoter (Cregg et al., 1987). It
offers several advantages as production host compared
to Escherichia coli because it does not carry endotoxin,
the product can be secreted to a mineral-salts medium,
and it is capable to glycosylate proteins (Cregg et al.,
1987; Lin Cereghino and Cregg, 2000), Furthermore, it
can be cultured to very high-cell-densities (>130 g~}

cell cell dry weight) (Wegner, 1990; Jahic et al., 2002)
which improves the volumetric productivity.

Expanded bed adsorption (EBA) is a technique for
single step recovery of bioproducts from crude par-
ticulate containing feedstock. Feedstock properties are
important parameters to consider during the design and
development of adsorbents and EBA process opera-
tions, especially the high-cell-density often achieved
in P2 pastoris cultures combined with often rather high
conductivity.

Feedstock with high particulate concentration dis-
plays high viscosity. It was demonstrated that the
variety of feedstock viscosities resulted in different
degrees of bed expansion. It was possible to stabilize
the bed expansion by adjusting the feedstock viscosity
and/or liquid flow velocity, which however resulted in
a longer process cycle and lower productivity (Chang
and Chase, 1996).

The feedstock conductivity significantly affects
the equilibrium binding constant {Qeq) on an ion
exchanger. In the recovery of human chymotrypsine-
gen B from P pastoris fermentation broth by the
cation exchanger Streamline SP it was shown that
{Jeq was reduced more than 90% when conductivity
was increased from 8.9 to 26.8mScm~! (Thémmes
et al., 2001). Similar results were also presented in
human calcitonin precursor recovery by Streamline SP.
The Q.q was reduced from 28 to 16 mgmi~! when
conductivity was increased from 7.0 to 11.0mS cm™!
(Sandgathe et al., 2003). The need to dilute high con-
ductivity feedstock will also result in longer process
cycles and reduced productivity,

Generally, adsorbents developed for EBA processes
are the result of a compromise between the matrix
characteristics (particle size, particle density and pore
size), which determine the useful range of flow-rates
and adsorption kinetics, especially mass transfer lim-
itations. A well performing adsorbent will prevent
bed instability and give high breakthrough capacity
{@g) comparable to packed bed adsorbents (Lei et al.,
2003; Tong and Sun, 2001; Anspach et al.,, 1999).
By using high density adsorbent, the EBA process
can be run at high flow velocity or high particulate
containing feedstock withont losing of adsorbent in
flow-through. The increase of bead density can be
done by adding of a densifier such as quartz, steel
alloy, TiO3, and more (Lei et al., 2003; Tong and Sun,
2001).
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Fig. 1. The structures of ligands in the (&) Streamline SP and (b)
Streamline Diract HSTI adsorbent.

Adsorbents developed for use in EBA can be fur-
nished with a wide variety of ligands {Chase, 1998).
The Streamline SP bead (GE Healthcare, Uppsaia,
Sweden) is based on aparose with quartz as densi-
fier (1.2gml~!) and with a sulphonyl group as the
ion exchange ligand (Fig. la). This type of adsorbent
has also been used for recovery of recombinant pro-
tein from P pastoris culture broth. However, about
2-5 times dilution of feedstock was required to reduce
both cell concentration and conductivity (Sandgathe
et al., 2003; Murasugi et al., 2001; Shepard et al,,
2000; Trinh et al., 2060). The new Streamline Direct
HST1 bead (GE Healthcare, Uppsala, Sweden) is alse
based on agarose but with a denser metal alloy as den-
sifier (1.8 gml™") and carrying a multi-modal ligand
composed of a thioether group, a carboxylic group
and an aromatic group (Fig. 1b). A similar ligand has
been used in packed bed chromatography functional
at both high and low ionic strengths (Burton et al,,
1997).

The atm of this work was to investigate the feasi-
bility of designing an EBA process for the recovery
of recombinant Thai Rosewood PB-glucosidase directly
from high-cell-density and high conductivity P pas-
toris culture broth. To do this the pessibility to use
Streamline Direct HST1 adsorbent for increasing of
EBA process efficiency was studied and the perfor-
mance was compared with Streamline SP adsorbent.
The binding and dissociation conditions, and break-
through capacities were studied to develop the recovery
process,

2. Materials and methods
2.1, Organism

The F. pastoris strain Y-11430 (wild-type strain),
a kind gift from k. Lin Cereghino (Lin Cereghino
and Cregg, 2000), was used in this study. The §A-
glucosidase cDNA gene from Thai Rosewood (Dal-
bergia cochinchinensis Pierre) (Ketudat-Cairns et at.,
2000} was cloned into the pPICzoB vector {Invitro-
gen). The pPICzaB with the S-glucosidase gene was
then integrated into P. pastoris Y-11430 at the aox!?
promoter.

2.2. Cultivation

2.2.1. Inoculum preparation

First inoculum was prepared by adding one colony
of P pastoris from yeast extract peptone dextrose
agar medium (YPD) (yeast extract 10gl™!, peptone
20 g1~ and dextrose 20 g1~ ) containing 100 ug ml—?
zeocin into 20ml YPD broth. The culture was incu-
bated at 30 °C, 200rpm for 24h. A second inoculum
was prepared by transferring the entire first inoculum
culture into a 1000 m] shake flask containing 80 ml
buffered glyceral complex medium (BMGY) (veast
extract 10 g1~1, peptone 20 g1™! and glycero! 10 g1~}
in 0.1 M potassium phogphate buffer pH 6.0). The cul-
ture was incubated under the same condition as the first
inoculum culture.

2.2.2. Fed-batch cultivation

The fed-batch cultivation was carried out in a 101
fermenter (Belach Bioteknik, Stockholm, Sweden),
The fermenter was sterilized in situ and the glye-
erol basal salt medium, GBS (glycerol 40.0gl~',
85% H3aPO4 26.7mll~!, CaSO4 0.93gl™!, K280,
18217, MgS04-7H,0 149 g1, KOH 4.13 17!,
and PTM1 trace salts 4.35ml1~!) was added using
0.2 pm AcroPak™ 20 Filter (Pali Life Sciences, Ann
Arbor, ML, USA). The PTM1 trace salts (CuSO,4-5H2 0
60gl”!, KI 008gl™!, MnSOsH,O 3.0gl~!
Na;MoO4-2H0 0.2g1™!, H3BO; 0.02g17!, ZnCl,
20.0g17Y, FeCl; 13.7g1™}, CoCly-6HaQ 0.9g!71,
H;S04 5.0ml1™! and biotin 0.2 g1} were sterilised
using a 0.2 um syringe filter (Sartorius, Goettingen,
Germany) and added separately. The temperature,
pH, DOT, aeration rate, pressure, pump speed, agi-



4 T. Charoenrat et al. / Journal of Bigtechmology xxx { 2005) xxa—xxx

tation rate and antifoam levels were automatically
controlied.

The fermentation process was divided into four
stages (glycero] batch, glycerol exponential fed-batch,
methanol exponential fed-batch and canstant methanol
fed-batch) as described by Jahic et al. (2002). In the
protein production phase, the methanol was fed to keep
DOT constant at about 25%. The temperature, aeration,
agitation and pH were controlled at 30°C, 6 1min~",
1000 rpm and 5.0, respectively, Twenty-five percent
NH40H was used as the alkaline 1o control the pH.
All feed solutions contained 12mli~! of PTM1 trace
salts.

2.2.3. Harvest

The unclarified culture broth was collected from
the bioreactor at the end of the cultivation. A part of
the culture broth was used to prepare clarified culture
supernatant by centrifuging at 10,000 tpm (16,915 x g)
for 20 min. Both preparations were stored at 4 °C until
use,

2.3. Adsorbents

Streamline SP (GE Healthcare, Uppsala, Sweden),
ts an agarose based cation exchanger with mean par-
ticle size 200 pm, density 1.2 kg dm™> and sulphonate
groups as ion exchange ligand (Fig. la). Streamline
Direct HST1 (GE Healthcare, Uppsala, Sweden), is
agarose based, with mean particle size 140 pm, den-
sity 1.8kgdm—* and carries multi-modal ligand, as
described in Fig. 1b.

2.4. Binding conditions

The binding conditions of B-glicosidase, measured
as equilibrium capacity (Qeq), were tested at differ-
ent pH and conductivity values, The adsorbents were
prepared by placing 0.5 ml of adsorbent in test-tubes
and equilibrated in steps with buffer at specified pH
and conductivity values for about 2 min by mixing end
over end. In the first step Smi of 500 mM sodium-
acetate buffer was used 10 times followed by a sec-
ond step with 5ml of 30 mM sodium-acetate buffer
for five times, The samples were prepared from clari-
fied £, pastoris culture supernatant by dialysis against
50 mM sodium acetate buffer pH 5.0 and then the pH
and conductivity were adjusted with 1M NaOH or

1 M acetic acid and with 1| M NaCl, respectively. One
millilitre of prepared sample was then added to the pre-
pared adsorbent and incubated end-over-end mixing
for 1 h. The adsorbent was allowed to settle and then
the supemnatant was assayed for B-glucosidase activ-
ity. The initial B-glucosidase activity (Cg) and equi-
librium B-glucesidase activity {Co) were determined
and the equilibrium capacity (Qqq) was calculated
as:

_ (Co— Ce¥y

Qe = == ()

where V) andd V,y, are the iotal volume in the
test-tube (mil) and the volume of adsorbent (ml),
respectively.

2.5. Dissociation conditions

Elution buffers (50 mM sodium acetate and 250 mM
potassium acetate) with different pH (4—7) and con-
ductivity {1—44 mS com ') were prepared. Two molars
of NaCl solution was add for adjusting conductivity.
One millilitre of a certain elution buffer was added
into 0.5 ml of adserbent previously adsorbed with B-
glucosidase as described for the binding condition tests.
The samples were mixed for 1 h and then the adsorbent
was allowed to settle. The supematant was assayed
for B-glucosidase activity and the percentage of 8-
glucosidase that had dissociated from the adsorbent
was calculated.

2.6. Breakthrough capacity determination

The expanded bed system used in this work con-
sisted of a Streamline C-25 column (25 mm i.d.) {GE
Healthcare, Uppsala, Sweden) packed with 100.7 ml
(20.5 cm bed height) of Streamline SP or Streamline
Direct HST1, connected to a peristaitic pump and a
UV detector.

The adsorbent was equilibrated with 500mM
sedium-acetate buffer, pH 4.0, for 2 column volumes
and 50 mM sodium-acetate, pH 4.0, for 4 column vol-
umes in expanded mode at flow velocities of 300 and
600cmh™! for Streamline SP and Streamline Direct
HSTI, respectively.

The unclarified P pastoris culture broth was
adjusted to pH 4.0 and to conductivity 5.0mS cm™"
(920ml1~! supernatant volume, 105g1~! cell wet
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weight and 24 g 17! cell dry weight), and to pH 4.0 and
conductivity 15.0mScm~! (783mll~" supernatant
volume, 248 g1~} cell wet weight and 60 g 1! cell dry
weight) for Streamline SP and Streamline Direct HSTI,
respectively. Acetic acid, 0.5 M, was used as acid for
adjusting pH. In the case of conductivity adjustment,
2M Na(l solution and 50 mM sodiurmn-acetate buffer
were used. Then the samples were applied to the col-
umn at the same flow velocity as used at equilibration.
The breakthrough was monitored by taking out frac-
tions from the effluent and assay for the B-glucosidase
activity. In order to determine the breakthrough capac-
ity (Op) the normalized effluent concentration (C/Cy)
was plotted versus the amount of B-glucasidase loaded
per volume of adsorbent ((VogCo)/Vads]. The break-
through capacity (Qp) of the adsorbent was determined
as follows:

Opx = 22— T0) @

Vads

where Viyr is the volume of effluent (mi), V¥ is the dead
volume of the system {ml) and V; is the effluent volume
at which 100C/Cy is X% (ml).

2.7. The EBA recovery process

The equilibration, washing and ehition buffers used
for the recovery of B-glucosidase from unglarified £
pastoris culture broth were selected from the above
described screening experiments. Theequilibration and
sample application steps were performed as described
for the Op experiment sbove, Then, washing was per-
formed with 50 mM NaCl in 50 mM sodium-acetate
buffer, pH 4.0, for Streamline SP and 50 mM sodium-
acetate buffer, pH 5.0, for Streamline Direct HSTI
antil all residual cell and unbound proteins were
'emoved {Azgo back to base-line). Elution was per-
formed using 250 mM NaCl in 50 mM sodium-acetate
suffer, pH 5.0 (conductivity 24.7 mS cm~!) for Stream-
ine SP, and 250mM potassmm-phosphate buffer,
YH 7.0, {conductivity 30.5mScm™~') for Stream-
ine Direct HSTI at flow velocity of 100cmh~!
n expanded mode. Cleaning-in-place (CIP) of the
wisorbents was performed using 1M NaCl in 0.5M
NaOH, distilled water, 25% acetic acid in 20% ethanol
ind distilled water again as recommended by the
nanufacturer.

2.8. Analyses

2.8.1. Cell concentration

Cell concentration was monitored by measuring the
optical density at 600 nm (ODsoq) and cell dry weight.
Celt dry weight was determined by centrifugation of
5 ml of culture broth at 4500 rpm (1400 x g) for 10 min,
and the supernatant was collected for analyzes of B-
glucosidase activity, total protein and SDS-PAGE. The
pellet was washed with distilled water once and dried
at 105 °C, till constant weight.

2.8.2. Total protein concentration

The total protein concentration in the supernatant
was analyzed according to Bradford (Bradford, 1976).
Bovine serum albumin was used as standard protein.

2.8.3. B-Glucosidase activity

B-Glucosidase activity was assayed by the method
of Evans (1985). This method is a spectraphotometric
assay that measures the release of p-nitrophenol from p-
nitrophenol-B-p glucopyranoside (3.3 mM) catalysed
by B-glucosidase. One unit of enzyme was defined as
the amount of enzyme releasing 1 pmol p-nitrophenol
per minute at 30°C in 0.1 M sodium acetate buffer at
pH 5.0.

2.8.4. SDS-PAGE analysis

The sample, containing 60 ju.1 of supernatant, 25 .l
of sample buffer (NuPAGE LDS 4x sample buffer,
Invitrogen, CA, USA), 10 pl of 0.5 M dithiothreitol and
3 plof3.5% PMSF in ethanol was incubared for 10min
at 95°C. SDS-PAGE was performed on NuPAGE®
Novex 4-2% Bis-Tris Gel (1.0 mm x 10 well) (Invit-
rogen, CA, USA) using MOPS running buffer. Ten
microliters of prepared sample was loaded to the well
and ran at 200 V for 60 min, The gel was stained with
Coomassie Blue R-250 (Merck, Darmstadt, Germany)
for 30 min and destained {destain solution: methanol
100 ml 17! and glacial acetic acid 100 m11~") for 1-2 h.

2.8.5. Cell viability

A Partec PAS flow cytometer (Partec GmbH,
Miinster, Germany) equipped with a 488 nm argon laser
was used for analysis of the total number of cells and
the number of cells stained by propidium iodide (PI)
(Sigma-Aldrich, Stockholm, Sweden), Samples taken
from the fermenter were diluted with PBS (0.16 M
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NaCl, 0.003 M KCl, 0.008 M NaHPO4 and 0.001 M
KH;PO4, pH 7.3). For staining, 25 ul of stock salution
containing 200 wgml~! of PI dissolved in water was
added to 975 ul of diluted sample at rcom tempera-
ture. Sarples were analys, without further incubation,
at a data rate of about 1500 counts s L. A total count of
50,000 was collected in each measurement. Measure-
ments were calibrated using 3 jom diameter fluorescent
beads (Standard 05-4008, Partec GmbH, Miinster, Ger-
many). The viability was expressed as percentage of PI
negative cells in the pepulation.

2.8.6. Alcohel oxidase activity

The intracellular alcohol oxidase activity was
assayed with the method described recently (Jahic et
al., 2002). Alcohol oxidase units were expressed as a
pwmoal of methanol oxidized per minute.

2.8.7. Methanol concentration

The concentrations of methanol was continncusly
analyzed using Industrial Emissions Monitor Type
1311 (Briel & Kj=r, Innova, Denmark) as described
recently {Jahic et al., 2002).

3. Results and discussion
3.1. Fed-barch production of B-glucosidase

A rapid increase of AOX activity was observed
after start of the methanol feed (Fig. 2a). From this
time the B-ghicosidase activity increased steadily in
the medium, and reached about 5100 U1" after 125h
induction time (Fig. 2¢). Initially also the biomass con-
centration increased rapidly, but it levelled off and
ended at about 135 g1~ The high-cell-density in P
pastoris processes is important since it compensates
for the relatively low specific productivity per cell unit,
resulting in production of several grams of product per
litre culture broth {(Lin Cereghino and Cregg, 2000;
Jahic et al., 2602).

An additional advantage of the P. pastoris expres-
sion system is that the product often can be secreted
10 the medium Wwhich in many cases ¢an be a min-
eral salt medium without contaminating prateins. In the
present investigation the mass of B-glucosidase could
not be measured due to problems to obtain the specific
activity of pure recombinant enzyme. However, SDS-

PAGE analyses (Fig. 2d}indicate that the B-glucosidase
was the dominating protein in the cultivatien broth in
which the total protein concentration was about 700 mg
17V, The estimated molecular weight of this recom-
binant B-glucosidase under denaturing condition was
approximately 88§kDa, which is larger than the nat-
ural enzyme purified from Thai Rosewood (66 kDa)
(Ketudat-Cairng et al.,, 2000). There is a band with
increasing density at about 28kDa (Fig. 2d), which
may be either a proteolysis product or a contamina-
tion of host cell proteins. Studies on the stability of
the product when incubated in broth with and with-
out cells indicated that the product was proteolytically
stable {data not shown),

The start of the methanol feed sesulted in a
short rapid transient accumulation of methanol in the
medium. It reached 600mgl~! within 50 min, bus
declined below the measurement limit (25mgl™!}
within Sh (Fig. 2b). The viability dropped from:
about 99% to about 96%, within 25h, where it
remained throughout the process. The conductivity of
the broth declined with increasing biomass from about
45mScm™! at the beginning of the process to about
18mScm™ at the end (Fig. 2b).

B-Glucosidase was harvested in a culture broth
at very high-cell-density (135g1™! dry cell weight,
450g1™! wet cell weight, 625mli~' supernatant
volume) and rather high conductivity (18 mScem™")
(Fig. 2). Without pre-treatment of the broth these typi-
cal properties of a . pastoris process liquid will limit
the choice of initial operations for cell removai and
product recovery.

3.2. Binding conditions of B-glucosidase on the
adsorbents

The study of binding conditions of B-glucosidase on
the two adsorbents was focused on the effect of pH and
conductivity by using cell free supernatant. At pH 4.0
Streamline Direct HST1 had about twice as high (eg a8
Streamline SP, but for both adsorbents (Joq decreased
when pH was increased (Fig. 3a). The conductivity sig-
nificantly affected the Q,q in Streamline SP. At constant
PH 4.0, when the conductivity was changed from 6.4 to
153mScm™1 the (eq decreased with 40%. However,
in the conductivity range of 6.4-47.0mS cm™! at pH
4.0 the Qeq for Streamline Direct HST1 declined only
by about 15% (Fig. 3b).
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'he decrease of Qeq for both adsorbents when pH
increased indicated that an ion exchange mech-
m was involved in the interaction between [3-
osidase and adsorbent (Fig. 3a). However, the
amline Direct HST1 adsorbent was shown to be
h more salt tolerant with respect to binding of
lucosidase compared to Streamline SP at pH 4

(Fig. 3b). In fact, the binding was achieved well
above the conductivity of the P. pastoris culture broth
(18 mS™"). Furthermore, the higher Qeq of Streamline
Direct HST1 than of Streamline SP at all measured
pH and conductivity values is probably due to other
interactions, e.g. like hydrophobic interaction from
the aromatic ring and thiophilic interaction from the
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7. 3. Equilibrium capacity (Qcq) for adsorption of B-glucosidase
Streamline SP (-0} and Streamline Direct HST1 (~#-), (a)
various pH with constant Co=2.687 Uml™! and conduetivity
OmScm™! and (b} at various conductivity values with constant
=1.219Uml~" and pH 4.0,

ioether spacer arm. However, a high salt concentra-
n is required for promoting protein adsorption in
th traditional hydrophobic interaction chromatogra-
v and traditional thiophilic interaction chromatog-
phy (Porath, 1990) but for Streamline Direct HST1
¢ B-glucosidase was bound even at low conduetivity,
us indicating a more complex interaction. Interest-
gly, a modified thiophilic gel containing a thioether
acer arm has been used as salt-independent adsor-
nt, i.¢. adsorbing protein at both high and low salt
ncentrations (Scholz et al., 1998).

The interaction between B-glucosidase and Stream-
1¢ Direct HST1 very much resemble the interaction
scribed to take place in hydrophobic charge induc-
n chromatography (Burton and Harding, 1998) and
ixed mode chromatography (Burton et al., 1997).
"hen a ligand similar to Streamline Direct HST! was
ndied that contained a thiophilic spacer arm with
heterocyclic function the suggested binding mech-
ism was described to involve ionic, hydrophobic
1 thiophilic interactions. One advantage was that
e adsorption could take place at both high and low

conductivities; a pre-treatment step to adjust the salt
concentration of feedstock was not required {Burton
ct al., 1997).

3.3. Dissociation of 8-glucosidase from the
adsorbents

The eluting conditions were determined in test
tube experiments by varying pH and conductivity. p-
Glucosidase was dissociated from Streamline 8P a: pH
values above pH 4.5 at a conductivity of 0.8 m$ cm ™!
(Fig. 4a). At a constant pH of 4.0, ihe dissocia-
tion started when the conductivity exceeded zbout
10mS cm™!. Based on this, 250 mM NaCl in 50 mM
sodium acetate buffer of pH 5.0 (corresponding to a
conductivity of 24.7mS ecm™!) was selected for disso-
clation of B-ghicosidase from Streamline 3P,

For Streamline Direct HST1, the complex interac-
tion with the ligand also affected the desorption. The
[3-glucosidase could not be dissociated efficiently at
lew pH even at very high conductivity. In addition,
decrease of salt concentration could not be applied
te dissociate, thus indicating that the B-glucosidase
did not bind to Streamline Direct HST1 through pure
hydrophobic interaction. The pH change resulted in a
change of interaction between B-glucosidase and the
adsorbent and hence B-glucosidase was dissociated
rapidly. At pH 7 conductivity values up to as high
as 100mS cm~! were found to be suitable conditions
for the dissociation of B-ghicosidase from Stream-
line Direct HST1. The dissociation patiern observed
as a function of ionic strength indicated the existence
of a dissociation optimum. At low salt concentra-
tion the charge interaction dominates and ihe electro-
static change can be applied to dissociation. However,
the hydrophobic interaction was increased at higher
salt concentration (>100mS cm~!) while the disso-
ciation ratio decreased and B-glucosidase was bound
to the adsorbent again (Fig. 4¢). This again indicated
the similarity of the behaviour of Streamline Direct
HST]1 ligand with hydrophebic charge induction chio-
matagraphy (Burton and Harding, 1998) as discussed
above.

3.4. Breakthrough capacity in EBA

The breakthrough capacities (Qg} of Streamline
SP and Streamline Direct HST1 were compared in
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anded bed using cultivation broth. The experi-
ital conditions are summarised in Table 1. The
malized effluent concentration (C/Cy) was plot-
versus the B-glucosidase loading per velume of
orbent [(VegCo)/Vags) in order to determine the
(Fig. 5). The 5% breakthrough capacity (Qnse;)
B-glucosidase was about 160 times higher on the
amline Direct HST1 (210 U mlags ™) compared to
amline SP (1.3 U miggs ™).

Recovery of B-glucosidase from unclarified
ure broth by EBA

According to the binding and dissociation ¢on-
ons, and the breakthrough capacity experiments
conditions for EBA process operations have been
igned (Table 1), By using the denser Streamline

Table |

Comparison of binding ¢apacity a1 5% hreakthrough hetweer
Streamline SP and Streamline Direct HST1 for recombinant -
glucosidase recovery from P. pasteris unclarified cultivation broth

Conditions Streamline SP Streamline
Direct HST!

Feed cell dry weight (21°") 24 ]

Feed cell wet weight (g1™1) 103 248

Feed wet cell volume (ml1™'} 80 217

Feed cell count {¢ell) 6 x 1012 4x 101

B-Glucosidase (Cg) (Uml™") 1.5 43

Conductivity (m$ cm™!} 5 15

pH 4.0 40

Sedimented bed height (cm) 20.5 20.5

Adsorbent volume {Vy4.) (ml) 100.7 100.7

Liquid velocity {¢cmh™") 300 600

Bed expansion 3.9 33

Orsy, (Umlags ™) 1.3 210.0
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Concentration

factor

n

CiCy
F £
e

HSTI

’ L 50 16} :5'} 200 256 3o

B-glucosidase applicd/adsorbent (U ml”! ]

B-Glu concentralion

{Uml™")

1.3

132

2.3, Breakthrough curve of B-glucosidase from unclarified P, pas-
ris culture broth on expanded bed of Streamline SP ({1} and
reamline Diirect HST1 (—®-). Experimental conditions according
Table 1.

Recovery of
gl (%)

{100}
27.5
17.5
47.6

irect HST1 matrix compared to the Streamline SP, it
as possible to designan EBA process where one could
se a two times higher flow velocity and a two times
ore concentrated £, pastoris culture broth (246.4 g1~
=11 wet weight). Despite the higher concentration and
ow velocity still the bed expansion was smaller. The
treamline Direct HST1 also showed higher capacity
1d the B-glucosidase could be adsorbed at both high
1d low salt concentrations. The reduced need of dilut-
g the feedstock with Streamline Direct HST1 makes
1e EBA process a more interesting choice for direct
covery of B-glucosidase from the high-cell-density
nd high conductivity broth. In contrast, when Stream-
ne SP was applied, a larger dilution of the feedstock
as required to decrease both cell density and conduc-
vity, in cur case to 105 g 1=! and SmSem™!, respec-
vely (Table 1), A P, pastoris culture broth containing
00 g1~ % wet cell weight and 10mS em™! conductiv-
v was suggested for use on a Streamline SP matrix by
hémmes et al. (2001). Similar feedstock properties
ave also been used by others for P pastoris recovery
rocesses (Trinh et al., 2000; Murasugi et al., 2001).
oo high a density and viscosity will lead to reduction
f the terminal setiling velocity of the adsorbent. Fur-
1ermore, a consequence of this will be an unreasonably
igh bed expansion during sample load (Thémmes et
1.,2001).

The results of EBA chromatography with Stream-
ne SP adsorbents is shown in Table 2. About 28%
f the loaded P-glucosidase was found in the flow
irough. About 48% of the total f-glucosidase loaded
n to the column was recovered in the eluted fraction.
DS-PAGE analysis under denaturing condition of the

Purification
factor

(1

Specific activity

(Umg™H)
15.3
38

Total protein

{(mg}

145
65
25
13
84.5

activity (U}
926

2212

Total
608
358

1052

Flow velocity

(embh™")
300
300
100

Yolume

{ml}
1500
1500
1200

Recovery of 3-glucosidase from P, pastoris unclarified culture broth using Streamlme 5P

Experimental conditions as in Table 1.

Purification step
Total recovery (%)

Feed prepared
Flow-through

Wash

Table 2
Elute
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o, M9 11 13 15 17 19 21 23

. SDS-PAGE analysis of peak fractions from the elution (a)
nline SP (b) Streamline Direct HST1 (M: molecular weight
r proteins, F: feed applied to the column).

d fraction of B-glucosidase showed one main band
gh intensity at the size (Fig. 6a) corresponding to
nain band observed during cultivation (Fig. 2d).
or the EBA on Streamline Direct HST1 media
le 3), a small amount of the loaded B-glucosidase
lost in the flow through (4.5%). About 74% of B-
osidase was recovered in the eluted fraction. SDS-
E analysis under denaturing condition of the eluted
ion of B-glucosidase showed one band with very
intensity (Fig. 6b) at the same size as for samples
1g the cultivation (Fig. 2d). Also several bands of
h lower intensity and smaller in size were observed
. 6b). According to cell counting by flow cytome-
'small amount of cells were observed in the eluted
ucosidase fraction from both Streamline SP and
amline Direct HST1 columns. However, still a cell
ction of about 10° times was achieved compared
e feed (data not shown).
he elution recovery of B-glucosidase on Stream-
Direct HST1 (74%) was higher than on Streamline
48%). However, the total recovery was lower on
Streamline Direct HST1 adsorbent (77%) com-
d to the Streamline SP adsorbent (93%). This might
xplained by complex interaction of the Stream-
Direct HST1 ligand that was also observed in the

Table 3

Recovery of B-glucosidase from P. pastoris unclarified culture broth using Streamline Direct HST1 expanded bed chromatography

Concentration

factor
(1

B-Glu concentration

(Uml™h)
3.6

Recovery of
P-glu (%)

(100}
4.5
0.7
74.4

Purification

factor
89}

Specific activity

Total protein
Umg™')

(mg)

Flow velocity  Total

(emh™)

Volume

(ml)

Purification step

activity (U)

16630

1236

4600
4600
1400

Feed prepared
Flow-through
Wash

Elute

756
270
224

353
121

12383

600
600

Ve

61.9

4.1

553

100

200

101.1

73

7

Total recovery (%)

Experimental conditions as in Table 1.
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binding and dissociation conditions experiments and
discussed above,

In conclusicn, the Streamline Direct HST1 adsor-
bent compared to Streamline SP shown to be much
more suitable for the design of an EBA processes
for recovery of B-glucosidase direcily from high-cell-
density and high conductivity P. pastoris culture broth.
By using the Streamline Direct HST1 adsorbent the
dilution of the culture broth feedstock could be sig-
nificantly reduced. The productivity during loading,
washing and eluting was almost 4 times higher on
Streamline Direct HST1 (20.7kU1~' h~!) compared
to Streamline SP (53kUI" 1 h~").
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