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We scaled up a covalent immobilization system of urokinase to the activated Sepharose and used it repeatedly to
cleave a fusion protein consisting of human growth hormone and GST fragment. After scale up from 6 ml to 250 mL,
the column system still demonstrated basically the same performance in terms of urokinase immobilization and fusion
protein cleavage. When the column was washed with 6 M guanidine HCI after the cleavage reaction, the immobilized

urokinase showed no activity probably because it was fully unfolded. However,

as the denaturant was gradually

removed from the column the immobilized urokinase fully regained its bioactivity, which indicated it was properly
refolded into its native conformation as covalently attached to the solid matrix. After 20 cycles of this ’solid-phase

unfolding/refolding’,

the immobilized urokinase maintained approx. 80% of the initial bioactivity. This method provides an

efficient protocol to apply the solid-phase refolding technique to improve the longevity of immobilized enzyme columns.
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urokinase (two chain urokinase type plasminogen activator)=
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Table 1. UK immobilization and fusion protein cleavage before and after scale-up.

Column bed volume 6 mL 250 mL
Concentration of activated aldehyde groups on gel surface 54 yMjmL 60 uM/mL
Yield of UK immobilization reaction 98% 99%
Yield of fusion protein cleavage reaction 50 - 60% 58%
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Figure 1. Reactivation profile of immobilized urokinase using
solid-phase unfolding/refolding. The column was fed with 6 M
GuHCl for 30 minutes, and then washed with 0.1 M phosphate
buffer for 1 hour. Aliquots of resin samples were taken from the
column and the UK activity was measured.
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Figure 2. Unfolding and refolding scheme of immobilized enzyme. Covalent bonds with support and disulfide bonds prevent maximum unfolding
of the protein (random coil is not achieved). The unfolded structures cannot undergo interactions with each other because the enzyme load is low

and the molecules are dispersed on the support(15).
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Figure 3. Stability of the immobilized UK activity upon repeated
solid-phase unfolding and refolding up to 22 cycles. For each cycle,
the column was fed with 6 M GuHCI for 1 hour(2 bed volume/hour)
for unfolding, and then the denaturant was washed with 0.1 M
phosphate buffer for 2 hours(2 bed volume /fhour) for refolding. The
UK activity of the resin was measured after the refolding step and
compared with the initial activity.
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Figure 4. Purification of hGH monomer from the cleaved fusion
protein by using Streamline25 column equipped with Streamline
SP-XL(50 mL) (Streamline25 operating conditions were: loading
buffer of 0.1 M sodium phosphate (pH 3.5) at 10 mL/min, elution
buffer of 1 M NaCl at 8 mL/min). Lane 1: hGH, lane 2: resolved
pellet after acid precipitate, lane 3: resolved pellet of elute at loading
step, lane 4: sup. of elute at loading step, lane 5: sup. of elute at
chasing step, lane 6: resolved pellet of elute at chasing step, lane
7-10: elute at elution step.
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Table 2. Comparison of cost estimate between conventional process and new process.

Conventional Process New Process

Fixed Cost

o Cleavage Reactor

20 L capacity/ss316/agitator
o Centrifuge

- High-speed

0 Cleavage Column

- 200ml

o wj/Peristaltic Pump

o EBA(w/pump+detector)

Operating Cost
o UK(soluble)
o Electronic cost

10,000 won/batch”™'

80,000 won/batch”

. 10,000 won/batch™
- 60,000 won/batch*5

1,000,000 won/batch -
10,000 won/batch™ -

o UK(immob.) - 156,000 won/batch
o Buffer - 20,000 won/batch
Product yield per batch 11.6 g-hGH/baich 9.1 g-hGH/batch

Total Cost 95,000 won/g-hGH 27,500 won/g-hGH

“*] Installed cost: 5000,000 won/20 year/25 batch/year operation, *2
operation: max 5A x220V x2h = 2.2 kWh, *4 Peristaltic pump cost:
year/25 batch/year

Installed cost: 20,000,000 won/10 year/25 batch/year operation, *3 2 hours
2,000,000 won/10 year/25 batch, *5 EBA installed cost: 15,000,000 won/10
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