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TRAK

Scale Up Case Study

Group work

Scale up of a purification process for a recombinant protein
originating from mammalian cell culture material.

imagination at work
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Back ground

A small Slovenian Biotech company entered the Biotechnology field in 1999 by starting up a project
for development of a recombinant mammalian cell line, for production of a small molecular weight
protein (44 000 dalton) for pharmaceutical use.

This company has now developed a downstream purification scheme at lab scale. The process
contains three chromatographic steps. Their engineering department is now working with scaling up
of the lab process and is consulting to you for advice and help.

The final production unit is planned to have a production capacity of 5 kq product per year. The
production and engineering departments calculate with 40 working weeks per year available due to
the standard maintenance intervals in the plant.

A new batch of clarified cell culture supernatant will be available each Monday morning at 09.00
which should be subjected to downstream processing in such a way that purified material from the
last chromatographic step is available for ultrafiltration, sterile filling on Thursday 16.00 at the latest.

Aim and Goals

Your task is to calculate the final suitable production scale for all purification steps in order to have
one batch processed from Monday 09.00 to Thursday 16.00. Please define the equipment
specifications; column dimensions and sizes including flow rate capacity of purification system(s).

Consider to whether it is preferable to run one or several cycles per step. Also, consider if multi use of
purification system(s) could be a solution to save equipment costs.

1 cycle capture = 1 cycle intermediate purification 2 1 cycle polishing
1 cycle capture =2 2 cycles intermediate purification 2 1 cycle polishing
1 cycle capture - 1 cycle intermediate purification 2 10 cycles polishing

Think about the extent of QC work and the validation efforts needed in the various alternatives

Please also describe the working schedule, the detailed working times during the days for each
purification step.

imagination at work
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Overall process lab scale procedure

Cell culture

Centrifugation
Microfiltration

pH adjustment

Product concentration: 0.060 g/l
Total protein concentration: 0.90 g/l

Capture step: Q Sepharose Fast Flow
Addition of salt/pH adjustment
Intermediate purification: Phenyl Sepharose High Performance
Polishing: Superdex 75 prep grade

Ultrdfiltration
Formulation
Sterile filtration

Bottling

imagination at work
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Capture step - Chromatographic details from lab scale

Medium: Q Sepharose Fast Flow .
2 o U
Column: 16 mm diameter, 10 cm bed height f%‘? - 7%
Cu= 9 M
70

Equilibration: 20 mM Na-phosphate, pH 6.5 (5 CV)

Flow rate, 150 cm/h i /i
Sample load: (3@ of sample (clarified supernatant)

Flow rate, 100 cm/h  @grdf~
Washing: 20 mM Na-phosphate pH, 6.5 {2 CV)

Elution, Step 1:

Elution, Step 2:

Regeneration:

CIP:

Storage buffer:

Product volume:

Flow rate, 100 cm/h

20 mM Na-phosphate pH 6.5 + 0.1 M NaCl (3 CV)
Flowrate, 70 cm/h s

20 mM Na-phosphate pH 6.5 + 0.25 M NaCl (2 CV)
Flow rate, 70 cm/h

2 M NaCl in water (1 CV)
Flow rate, 150 cm/h

1 M NaOH in water (2 CV)
Flow rate, 40 cm/h e

10 mM NaOH in water (2 CV)
Flow rate, 150 cm/h

30 ml

Product concentration: 4.8 mg/mi

imagination at work
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Intermediate purification - Chromatographic details from lab scale

Medium:

Column:

Equilibration:

Sample load:

Washing:

Elution:

Regeneration:

CIP:

Storage buffer:

Product volume:

Phenyl Sepharose High Performance
Vv

16 mm diameter, 10 cm bed height \(c%w;w&/

.
[

20 mM Na-phosphate, pH 7.0 + 0.5 M (NH4):S04 (2 CV.)
Flow rate, 150 cm/h

( 50 ml-6f sample (from Capture step)

Flow rate, 100 cm/h

20 mM Na-phosphate pH, 7.0 + 0.5 M {NH4)2S0x (3 CV)
Flow rate, 100 cm/h

Buffer A; 20 mM Na-phosphate, pH 7.0 + 0.5 M (NH4)2S04
Buffer B; 20 mM Na-phosphate, pH 7.0

Gradient 0-100% B, 10 column volumes

Flow rate, 70 cm/h

Water (1 CV)
Flow rate, 150 cm/h

1 M NaOH in water (2 CV)
Flow rate, 40 cm/h

10 mM NaOH in water (2 CV)
Flow rate, 150 cm/h

Product concentration: 5.5 mg/ml
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Polishing step - Chromatographic details from lab scale

Medium: Superdex 75 prep grade
Column: 16 mm diameter, 60 cm bed height &WW“‘L

Equilibration: 20 mM Na-phosphate, pH 7.0 (1.5 CV)
Flow rate, 30 cm/h

Sample load: k69:’6 of Vilsample from Intermediate purification step)
Flow rate, 30 cm/h

Elution: 20 mM Na-phosphate, pH 7.0 (1 CV)
flow rate, 30 cm/h

CIP: 1 M NaOH in water (1 CV)
Flow rate, 30 cm/h
Note: Only required after each production week

Storage buffer: 10 mM NaOH in water (2 CV)
Flow rate, 30 cm/h

Product volume: 18 mli

Product concentration: 2.0 mg/ml
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Case Study
Scale up calculations

Note: all necessary information to complete this exercise can be found in
the lab scale process data. Pooling two batches together, in this exercise, is
fine if you need more material to load onto a column. Round up your
column diameter to the nearest 5 or 0 cm size i.e. 42245, 57560

Standard column diameters:
10, 20, 30, 35, 40, 45, 50, 60, 70, 80, 90 100 , &}? bon 2aoh conet ant—

Annual need in Kg:

(/
7

Overall recovery in lab scale:
Step | - 1 O\)BY'M/"’“’M: s“z"/a

2z %k

3 < 32 o/ -
Working weeks o?/oﬁoble:

Lo
Amount of starting material needed:
4. bKk9

Amount to be processed per week:

AV YWy

Concentration in start material:
0 .o GS/L

Volume to be processed per week:
4-000 L/w»é,

imagination at work
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Capture step

Feed material:  Looo L /M

Media capacity, lab scale:

L
c\jf.;/oyﬂt_ 5~£*7/mﬁ.z""

Rokd 3.47L
Bed volume required:

4°°°7L = 23L30nL
0.1

Column diameter:

.

23830= %" PZ¢ (o

D:‘ 5“%‘7%/\’ — é{_}{,y\,

Column selection:

Column diameter:  £o o~

Column volume: %(.)x bo XD = 2p>to ank
= 2 @bl

Yield: Eﬁl%

0"7%1,7Q

oL éa\ = if,r»l.v
Product: 3% o 0bl) xwes Ll xfly ¥

Product volume:

2826 x,.57= 424 L

Product concentration: | &b _
/%.3 ¢= 3.9 %/L

Max pumping capacity needed: {5° t”/w >

Min pumping capacity needed: Lo

imagination at work
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Intermediate purification step (1 cycle)

Feed material: ’;.? G/L_ x 4a.al = 1b5 4%

Media capacity, lab scale:
P Y O\/;;gmt — j}d%ﬁ,‘. ;2;»\%L3p@
bord $omdx %?«%L = 24pm Y
Bed volume required:
| & t9

L= 3% ml
0\012"5

Column diameter:
| 3800 md = %_’Dl‘ (Oom-
D= 42 om
Column selection:
Column diameter: 42 om —> 4.5 coa

Column volume:
Feag o= 1589 L

Yield: &3y
Product: [ 6549%x B%. (37,4 %

Product volume: | ¢.q; x (jﬁ y= ad bl
20

[ 374 |
4 = 4‘% %/L,

Max pumping capacity needed: | so . 5o %x 45%< 4. %N - W‘%\y—
6o

Min pumping capacity needed: ‘
G i Fuas™ b = LY

imagination at work
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Intermediate purification step (2 cycles)

Feed material: \(75"(’%4 £2.8 %

Media capacity, lab scale:
12"

Bed volume required: ~ b7lee mL

Cycling mode - 2 cycles:

Column diameter:

2
LAss = :%D‘lo D= 29.[ tm

Column selection:

Column diagmeter: —> 30 "

Column volume: s
%qo €10 Dobtm)

Vield: €3+

Product: (166.3/2=83.2) §2-§¢ ¥ii= 6879

Product volume: 4 ¢ 45 é:i = 2T ml

Product concentration:
g3 . i
bpd— =
Z,}'—] L L
Max pumping capacity needed: ~ ($0 . —>

Min pumping capacity needed:

imagination at work
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Polishing step (1 cycle)

VA

Feed material:
Media capacity, lab scale:

Bed volume required:

16639 _
M—-

o‘oo).%

(2% L) 63.0¢2 =137, 49

940?“%0»«1%; ;mﬂmL ” é% v

//
83, f}’/ﬁ | 2 ’”L = 477 L

Column diameter: TPy bo
T2k bo D= 945 o H 477000 = d.
Fiisv . D [oo o
{6
Column selection: - %g e
Column diameter: ob
7 e
Column volume, 60 cm bed:
7 >
o< Lo= 30! i U oo tho= 471 L
C‘bk%iéo/o Ll -ql;\ob
Vield: 72/ A
. eI <0722 Z—(;-B %
Product:
M’)"fﬁ ‘ 4,7/{_/ Jo. b I
Product volume: X J 7/4“5 s L [ &
Product concentration: (o f ¥

l§%u/ z 34/% 1\ %?D‘é - &0 /L/

Pumping capacity needed:

imagination at work
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Polishing step (10 cycles)

\ ogll/ = 208
Feed material: | ¥ %(, ~ '5’;} y | /D
Media capacity, lab scale: > m% . 6ot
Bed volume required: = y/aL, W 429¢L
Cycling mode, 10 cycles

Column diameter:

N {/ ) A )(D}‘(»
3o = %DK Lo D= %3; CWH 47700‘,’*“'@/

D= 3¢ e
Column selection: ~ 38 ¢m_

Column diameter: —> 3G~
Column volume, 60 cm bed:

_&)( 307 bo = 4%)’0 ml_ |\ %

Vield: 4>,

xjﬁ‘z(éo:: éz.q.?fm[, o= 62. \3-1'——-

Product:
(30 0fa= /49

Product volume: ; | ) &
tascdioe gL || T e

Product concentration: ) ° /
f -
Yoo, N A

Pumping capacity needed: o S v,
T - =22
SOWK—’ _ggi%(gywékf'v / = 22§,

e

B imagination at work
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Polishing step (10 cycles) ( £~ Feee e e 2 oy die)

Feed material: {27 ndve =26 ¢ L

Media capacity, lab scale:  6¢4 Vi

Bed volume required: 2 Say a2l

. . 24

Cycling mode, 10 cycles o> ox es /o= 2. Gy dy  —om %/ 242, gL/M

Column diameter: . $3.

42 3 D bo  D=iF tm

& 230>

Column selection:

Column diameter: £8 eme

Column volume, 60 cm bed: ]
CNV = T x &5_;,){ bo= 1 Wil

q) -
Yield:

Product:
Product volume:
Product concentration:

Pumping capacity needed:

imagination at work
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