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ABSTRACT

The characteristics of aminopeptidase M(ApM) immobilized covalently on Cellufine Formyl and the
continuous production of authentic human growth hormone(hGH) from methiony] human growth hor-
mone(met-hGH) using the column reactor packed with immobilized ApM were investigated. Immobi-
lized ApM with the proportion of 2.3mg ApM per lg Cellufine Formyl gel had the highest met-hGH
conversion activity. The optimum pH(7.0) and temperature(55°C ) showed no appreciable difference be-
tween free and immobilized enzymes and the optimum temperature in continuous operation of the col-
umn reactor was also found to be 55°C. Under the conditions at which met-hGH was converted com-
pletely to hGH, the yield and productivity were about 77% and 0.8mg hGH/ml - h, respectively. In two
column reactors of different sizes, met-hGH was converted to hGH with the same conversion rates and
hGH yields at the same space velacities. The half-life of the reactor systems at 45C and 55°C were
projected from the continuous operations for 90 days to be 225 days and 81 days, respectively.
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Fig. 1. Schematic diagram of the column reactor
of immobilized ApM.

. Substrate reservoir 7. Level adjusters
. Peristaltic pump 8. Support nets

. Water bath 9. Coupling rings
. Water circulation pump  10. U. V. monitor
. Water jacket 11. Recorder

. Immobilized enzyme 12, Product reservoir
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Table 1. The coupling efficiency, the ApM
activity and met-hGH conversion at
various ratios of ApM to Cellufine
Formyl.

(E/CP) | (B/CF) |Coupling|  ApM activity Conversion
added | bound |efficiency| units/ | Relative | Rate | Yield
(ng/g) | (mg/e) | (%) mg (%) (%) ®)

044 | 020 455 114 1676 | 619 476
1.1 051 464 60 882 | 789 63.2
22 1.1 500 4.1 603 | 792 62.1

45 23 51.1 34 500 | 894 68.1
11.2 5.7 509 27 39.7 | 8135 630
soluble - - 68 1000 | 989 759

Coupling efficiency is the ratio of (E/CF) bound to (E/CF)
added, E; ApM, mg, CF; Cellufine Formyl, g wet weight. ApM
activity was assayed at room temperature in end—to-end mix-
ing system using Ala-pNA as a substrate. Conversion experi-
ment was performed by incubating met-hGH(3.2mg) with
Cellufine-ApM(ApM, 74 £g) in end—to-end mixing system at
50°C for 13 hours and was analysed by RP-HPLC.

1.5mle} =8 713+ & zH2} 40, 45, 50, 55, 60C
o) 4| end-to-end WubsbEA 2247k ok WHAIF
t}. met-hGH7} hGHZ A3t Hre vhgads
RP-HPLCE £A43}e AAstch.

g4, #A pH 24 Age Aol 243 54
Cellufine-ApM 151.0 zg®} met-hGH 25mg& ¥
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Fig. 2. Effect of temperature on the conversion of
met-hGH by DFP- and PCMB-treated
ApM and Cellufine-ApM. The conversion
(%) was analysed by RP-HPLC with reac-
tion mixture. Met-hGH(2.5mg) was incu-
bated with DFP-and PCMB-treated ApM
(31.3 1g) and Cellufine-ApM(151.0 ug), res-
pectively, in 1.5ml of 50mM TES - HCI(pH
7.0) containing 0.15 M KCl and ImM CoCl.
at indicated temperatures for 22 hours. ¢~
4. ApM; @-@, Cellufine-ApM.
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Fig. 3. Effect of pH on the conversion of met-
hGH by DFP- and PCMB-treated ApM
and Cellufine-ApM. The conversion(%)
was analysed by RP-HPLC with reaction
mixture. Met-hGH(2.5mg) was incubated
with DFP- and PCMB-treated ApM(31.3 1
g) and Cellufine -ApM(151.0 ug), respecti-
vely, at 45°C for 22 hours in 1.5ml of fol-
lowing buffer containing 0.15 M KCI and
ImM CoCl.:pH 5.0, 6.0, SOmM citric acid-
Na HPO. buffer; pH 6.5~8.0, 50mM TES -
HCI buffer. -4, ApM; @-@, Cellufine-
ApM.
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Fig. 4. Effect of temperature on the conversion of
met-hGH in the column reactor. The reac-
tion was carried out in a 7.2ml bed volume
(1.0X9.2cm) column reactor fed with sub-
strate solution(met-hGH 2mg/ml, 50 mM
TES - HCI buffer, pH 7.0,0.15M KCI, | mM
CoCl.) at the space velocity of 0.5 hr™". The
reaction was started at 30°C and analysis
was made after 8 hours. This procedure was
repeated at each temperature indicated on
the figure. ¢-4, conversion(%); l-ll, h\GH
yield(%); @-@, hGH variant(%).
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49l L-Ala-pNAE 7|42 3] 243 7lo|x, A
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Fig. 5. Effect of flow rate and feed concentration
on the continuous conversion of met-hGH
to hGH in the column reactor. The reac-
tion was carried out in a 1.96ml bed vol-
ume(1.0x2.5cm) column reactor fed with
substrate solution of various met-hGH
concentrations(met-hGH 1.0-8.0mg/ml, 50
mM TES - HCl buffer, pH 7.0, 0.15 M KC],
1 mM CoCl,) at 45C and analysis was
done at steady-state. O-0, 1.0mg/ml; @-
@, 2.0mg/ml; [1-[J, 40mg/ml; -, 80mg/
ml.
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Fig. 6. Effect of flow rate and feed concentration
on the yield of hGH production in the col-
umn reactor. The reaction was carried out
in a 1.96ml bed volume(1.0%x2.5cm) col-
umn reactor fed with substrate solution of
various met-hGH concentrations(met-
hGH 1.0-8.0mg/ml, 50 mM TES - HC1 buff-
er, pH 7.0, 0.15 M KCl, 1 mM CoCl.) at 45
‘C and analysis was done at sleady-state O
-0, 1.0mg/ml; @-@, 20mg/ml; [[1-], 40
mg/ml; l-M, 8.0mg/ml.
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59 49 Qge A, Fig 549 2
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100% A=y, 8mg/mldlMe 7H $E &
A4 100% A= A= ?%3}"‘% Fdro] w7l g
o 7@%%01 =2 AL ok £ 9gith(Fig. 5).
hGH %<& met-hGH —"’—57} Img/mlel 3%
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Fig. 7. Comparison of conversion and yield be-
tween two column reactors of different
sizes. The reaction was carried out in the
column reactor of two different sizes fed
with substrate solution(met-hGH 2.0mg/
ml, 50 mM TES - HCI buffer, pH 7.0, 0.15
M KCl, | mM CoCl.) at various space ve-
locities and temperature of 45C. O-O,
conversion; [J-(J, hGH yield in 1.96ml re-
actor; @-@, conversion; ll-B, hGH yield
in 9.82ml reactor.

A A" hGHe| HolA| AdaFe] F7lsted
hGH €& 743849 2mg/mle 2% 100%

A= &4 SV 050hr'ed of 76.8% 9 &2
Uelyor, dmg/mle} A% 100% A=EE +4
SV 0.25hr 'e| 4 77.7% 9] &< ‘/}F/]’LH‘”EHFlg
6). olAte) ZA:E wlelod met-hGH A3go)
100% < @ hGH2] AAFA (productivity) & AAbs}
M met-hGH ¥%7} 1mg/ml, 2mg/ml, 4mg/ml2]
A4 22+ 0.81, 0.77, 0.78mg hGH/ml + he]g]c}.

1.96mi(1.0x 2.5cm) column reactor®} ouf &
9.82ml(1.0 x 12.5cm) column reactor& =#|zts}o]
Hbg7) Ar]e] g ZAbs £ ZA(Fig. 7) F
7He} wbE71e A §4 SV ghel & o) met-hGH
o] A3-&3 hGH F&o] A9 Z2 g Jehiid
t}. o] 2% HHE7]E pilot-scaleE scale-upd o
oz & Hx ol Mg +4E hGHE kit
g 5 & e daks £ 5 Qi
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Fig. 8 Operational stability of the column reac-
tor for the continuous conversion of met-
hGH to hGH. The reaction was carried
out in a 1.96ml bed volume(1.0X2.5cm)
column reactor fed with substrate solution
(met-hGH 20mg/ml, 50 mM TES - HCl
buffer, pH 7.0, 0.15 M KCI, | mM CoCl,) at
the space velocity of 0.19hr ' at 45°C(O-
() and 0.24hr ' at 55C(@-@®).
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