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Abstract Genetic characteristics of the structural gene of
guamerin {a novel elastase inhibitor from Korean leech),
integrated into the HIS4 locus of chromosomal DNA of
Pichia pastoris along with the o-factor leader sequence, were
investigated. In the selected clone from candidates, two
copies of the iniegralion cassette including the structural gene
of guamerin were found in the integration sile of the
chromosomal DNA of P pastoris. Tt was demonstrated that
the integrated structural gene of gnamerin was stable up to
about 70 generations in the relay flask culture. Then, a high-
cell-density culture could be fulfilled easily by DO-stat fed-
batch culrure, in which the cell growth and the recombinant
guamerin production reached about 250 of OD,,,. and
260 mg/l, respectively. Finally, it was revealed that the DNA
sequence of the mtegrated structural gene of guamerin in £
pastoris was maintained correctly in the end of production
cells of relay flask culture and high-cell-densily culture.

Key words: Guamerin, genetic siability. master cell bank,
Pichia. inlegration

The establishment of an industrial process producing a
recombinant protein by rDNA technology requires an
extensive validation of the genetic stability ol host and
vector systenl. Those data should be documented as a file
to be submitted (o the regulatory authorities [5]. In particular,
the genetic characterization of the master cell bank (MCB),
which served as a source of seed culture for the lifetime
of recombinant protein product, is recognized to be a
prerequisite for establishing the commercial production
process.

Many heierologous proteins have been successfully
expressed and secreted into the culture medium using the
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Pichia pastoris (P pastoris) expression system at commercially
interesting concentrations [2,3,9, 10]. In a B pastoris
system. for the purpese of preventing its genetic instability
during the cultivation process, the expression vector is
generally inlegrated into chromosomal DNA of P, pasioris.
In addition, it is known that the production system using £
pastoris has many advantages. One of the benefits is to
easily fulfill a high-cell-density culture and to carry out the
scale-up process.

Guamerin is a novel elastase-specific inhibitor isolated
first by Jung et af. (1993) [4] from Korean leech (Hirudo
nipponia). Recently, recombinant guamerin-producing P
pastoris had been constructed (K. J. Lee er al. 1998, cDNA
and ils expression vector for an elastase inhibitor from
Korean blood sucking leech. Korean Patent 98-27344), in
which the structural gene of guamerm was fused with an
o-factor leader sequence for the secretion of guamerin, and
it was integraled into the host chromosomal DNA.

In this study, to examine the genetic stability of the
structural gene of guamerin integrated into the chromosomal
DNA of P, pastoris, the genetic characterization of recombinant
P pastoris was performed using the cassette number
estumation, the restriction analysis, and the DNA sequencing.
Finally, a high-cell-density culture for the production of
recombinant guamerin was accomplished on a lab-scale.

MATERIALS AND METHODS

Consiruction of Expression Strain

The structural gene for guamerin was obtained from the
cDNA library of the entire leech by using PCR. [6]. To
construct the expression strain using P, pastoris., its cDNA
was fused with an o-factor leader sequence containing the
KEX2 cleavage site and thereafter transformed into P
pastoris GS115, a his4 strain (K. I. Lee ef af. 1998. cDINA
and ils expression vector for an elastase inhibitor from
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Fig. 1. Plasmid vector for the expression of recombinant guamerin
n £, pastorts.

pGS29A (8.2 kbps) contains c-DNA for guamerm nserted between the
AOXT promoter (FAOX) and (he AOXT termmalor {3'AQX(TT)) for
methanol-inducible expression/secretion.

Korean blood sucking leech. Korean Patent 98-27344). Gene
insertion events arose from a single crossover between the
his4 locus in the chromosome and the HIS4 marker in the
vector, The hest and vector system was purchased from
Invitrogen Co. (San Diego, U1.5.A.). Figure 1 shows the
expression vector, pGS29A.

Clone Selection and Preparation of Master Cell Bank
(MCB}
For the clone selection, the candidate cione was cultured
for 15 hin a minimal medium {glycerol, 10 g/1; yeast nitrogen
base, 13.4 g/1; and biotin, 0.4 mg/1) and then it was induced
by resuspending the clone culture into the mimmal medium
containing 0.5% (w/v) methanol instead of glycerol. Methanol
was repeatedly supplied every 24 h 1o maintain the methanol
concentration of 0.5% (w/v) for approximately three days.
To prepare MCB, recombinant P pasforis was culiured
in the YPD medium (yeast extract, 10 g/l; Bacto-peplone,
20 g/1; dextrose, 20 g/l) for 16 h. An egqual mixture of
culture broth and 50% (w/v) glycerol were made in a cryo-
tube (Corning, Cambridge, 17.8.A.) and MCB was storad
at - 70°C.

Determination of Elastase Inhibition Activity

Forcine pancreatic elastase (PPE, Sigma, UU.5.A) and N-
Suceinyl-Ala-Ala-Ala-p-nitroanilide (Sigma, U.S.A.) were
used as an enzyme and its substrate, respectively. The
reaction was performed in .05 M Tris-HCIl buffer (pH 8.0).
To | volume of butfer solution containing PPE (0.1 unit). |
volume of sample solution was added. mixed thoroughly,
and 3 volume of 0.1 mM substrate was added. After 10 min
reaction al 25°C, the absorbance at 410 nm was measured.
One inhibition unit (iu) was defined as the amount of
inhibilor to suppress formation of 1 pumol p-nitroanilide
from N-Succinyl-Ala-Ala-Ala-p-nitroanilide per min under
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the given condition [4]. The percent of elastase inhibition
activity was defined as the ratio of the decrease in the
production of p-mitroanilide by the sample to the control
assayed in 0.05 M Tris-HC] (pH 8.0).

Cassette Number Estimation and Restriction Analysis
To ideniify the cassette number of integration of the
stuctural gene of guamerin, the genomic DNA analysis
was performed by Southern blotting with both restriction
enzyme and probe, as previously described 7, 8]. Total
DNA isolation from recombinant P pastoris was performed
using the Easy-DNA kit (Tnvitrogen Co., 1J.8.A.). Isolated
DNA was restricted and probed with Bg/ll and HIS4,
respectively (Gene Images™'. random prime labelmg module,
Amersham International plc, UK. ).

Restriction analysis was also performed using the various
combinations of restriction enzymes and probes such as
Bglll/guamerin, EcoRI/HISE, and EcoRI/guamerin. The
interpretation of the results of Southern blotting was based
on the principle of homologous recombination at the his4
focus of chromosomal DNA (Pichia Expression Kit,
Invitrogen Co., U.S.AL).

Relay Flask Culture

A single colony from guamerin-producing B pastoris was
inoculated to 50 ml of YPD medium and then cultured
overnight in a shaking incubator at 30°C and at 150 rpm.
This shake flask culture was used for an inoculum (5%,
v/v) of the new flask culture. After the overnight culture of
that flask, the culture was used again for an inoculum. This
relay cullore was repeated until the generation number
reached about 70. Generation number was estimated by
using the initial and final cell concentrations denoted by
the optical density at 600 nim. Since the cell number increases
by multiple factor of 2, the following equation could be
deduced. Generation number (n)=In (X/X¥In2. where
X =cell concentration al the time of sampling (O.D. at
600 nm) and X=cell concentration at inoculation (0.D. at
00 rum).

For the genonuc DNA analysis. 10 ml of the culture
broth was withdrawn from every relay flask culture just
before the culture was used for inoculum, The total DNA
af the cell was treated with Sa/l, electraphoresed in 0.6%
agarcse gel, and then DNA was transferred to a nylon
membrang for blotting. A probe against the structural gene
for gunamerin was prepared using a random prime labeling
module (Gene Images', Amersham International plc. U.K.).

High-Cell-Density Culture

For the high-cell-density culture of gunamerin-producing P
pastoris, DO-stal fed-batch culture followed by the methanol
induction was employed. Bioflo Il fermentor (New Branswick
Scientific Co.. NI, U.S.A.) was used with an initial culture
volume of 1.01 Temperature, pH, and aeration were
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controlled at 30°C. 5.0, and 2.0 vvm. respectively. To
prepare inoculum for the batch culture. 50 ml of the seed
culture was cultured for 18 h in a YPD medium at 30°C
and 200 rpm. The minimal salt medium containing yeast
trace metal solution was used for the batch culture [1].
After glycerol in the medium was completely exhausted.
the fed-batch culture was performed consecutively, in which
the medium feeding was controlled by DO-stat mode with
50% of air-saturation as a sel point. The feed medium was
composed of 50% (w/v) glycerol and 12 ml/1 yeast trace
metal sclution. After approximately 500 ml of feed mediom
was fed, the medium {eeding by DO-stat mode was stopped,
and then the culture was starved for 0.3 h to completely
deplete the residual glycerol. Finally, the medium containing
30% methanol and 12 ml/l yeast trace metal solution was
fed to induce the guamerin production, and its feeding rate
was increased stepwise from 22 to 48 ml/h for 40 h. Cell
growth was determined by examining the absorbance at
600 nm (Ultrospec 1T, LKB Biochrom. U.K.).

The amount of guamerin (mg/1) in the culiure supernatant
in high-cell-density culture was also estimated using the
correlation between the inhibition umt {u) and protein quantity
(mg) of purified guamerin. The relationship between the
inhibition unit and guamerin quantity could be shown with
a simple equation; guamerin (mg/1)=(1000/897.222) x ju.

DNA Sequencing

Primers corresponding to 5’ACX (GAC-TGG-TTC-CAA-
TTG-ACA-AGC) and 3'AOX (GCA-AAT-GGC-ATT-CTG-
ACA-TCC) were used for amplification of the guamerin gene
from chromosomal DNA of Pichia producing guamerin by
polymerase chain reaction. Amplified guamerin gene was
transformed to E. coli using the transformation kit (pGEM
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Fig. 2. Procedure flow diagramn for genomuc DNA sequencing
of guamecrin gene integrated into recombinant P. pastoris baving
a generation number of about 70, and intc the end of production
cells (EOPC).

easy transformation kit, Promega, U.5.A.). The procedure
for DNA sequencing is depicted in Fig. 2.

RESULTS AND DISCUSSION

Clone Selection

Using the shake flask culture, several hundreds of colonies
selected in the agar plate were preliminarily evaluated for
the elastase inhibition activity in the culture supernatant, in
which the methanol induction was performed only once (data
not shown). Two clones, #3-32 and #12-44, were selected
as the candidate clones for guamerin production. As shown in
Fig. 3. during the methanol induction process for three days,
the clone #3-32 exhibited a higher elastase inhibition activity
than the clone #12-44, therefore, clone #3-32 was chosen
for the production clone and it was used for preparing MCB.

Homogeneity of MCB

To assure the culture homogeneity, 360 colonies were
isolated from one vial of MCB and tested for the phenotype
for auxotrophic selection marker, fus4. Colanies isolated
from the nom-seleciion media containing r-histidine were
picked and then transferred to the selection media lacking
L-histidine. All colonies picked formed new colonies in the
selection media afler incubation at 37°C for 18 h (data not
shown). It was concluded that all the cells in MCB harbored
the expression cassette homogeneously in its genome.

Determination of Expression Cassette Number and
Restriction Analysis with Genome of Pichia Producing
Guamerin

To confirm the number of gene insertion events. the
isolated genomic DNA of P pasforis was restricted and
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Fig. 3. Comparison of elastase inhibition activity between
guamenn-producing clones, #3-32 and #12-44.



blotted with several combinations of restriction enzymes
and probes. Table 1 shows the expected size of restricted
DNA fragments detected by Southern blotting when the
expression casseltes were integrated by homologous
recombination at the /us# site, as described in Mailerials
and Methods. As shown in Table 1, multiple gene insertion
mto genomic DNA can be detected quantitatively by Southemn
blotting analysis. To confirm how many expression cassettes
were integrated, the Bgfll restriction enzyme and 154
probe were used. Fragments of 3.7, 4.7, and 5.8 kb were
detected with the ratio of intemsity of L:l:l (Fig. 4),
suggesting that two copies ol expression cassettes were
inserted at the his4 locus of the Pichia genome. Figure 5
shows the schematic diagram of the expected restriction
map around the #is4 locus when two copies of these
expression cassettes were inserted.

Besides the combination of Bg/II/HIS4, restriction analyses
of genomic DNA using the combinations of EcoRI/HIS4,
Bgfll/guamerin. and EcoRl/guamerin were also performed to
prove that a correct recombination did indeed take place,
as shown in Fig. 5. If two copies of the expression vector
were inlegrated. the additional DNA fragments of 5.8 kb
in the case of using Bg/ll and of 82 kb in the case of
usmg FeoRI (marked with bold type in Table 1} could be
detected. As shown in Fig. 6, it was the case in all the
combinations of restriction enzymes and probes, evidenced
by the expected sizes of DNA fragments including additional
5.8 kb and 8.2 kb DINA sizes. These results were shown
in Fig. 5 and Table 1. Although it was known that multiple
gene insertions at a single Tocus in a cell occur with a low
frequency, it was observed that the clone selected for
manufacturing the cell bank harbored two expression cassettes
of guamerin gene in its genome at the his4 locus.

Genetic Stability of the Structural Gene of Guamerin
during Relay Culture

As shown in Fig. 7, it was found that the DNA {ragment
containing the structural gene of guamerin was stable up to
the generation number of about 70. For achieving a reliable
and a high yield production. the structural gene must be
slable throughout the production process, including the
preparation of working cell bank (WCB) and several passages
of the seed culture in a large-scale fermentation (International
Conference on Harmonisation, TCH harmonised tripartite
gnideline on quality of biotechnological products: Analysis
of the expression construct in cells used for production of
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Fig. 4. Southern blot for cassette number estimation of
recombinant F! pastoris.

Isolated genomic DNA of tecombmant P pasior is was restricled with Bgfll
and probed with 7§84, Lanes | and 6. A/Bs:ETL: lanes 2 and 3. host strain
GS115: Iane 4, Control strain miegrated single cassetle of guamerin gene.
lane 3, stramn #3-32.

r-DNA derived protein products. Yokehama, Japan, 29
November - 1 December 1995). The generation number
elapsed to prepare WCER from MCB was about 5-7 in our
cultare system. Thus, the stability of structural gene upto a
70 generation number would be enocugh for the entire
lifetime of production, since one vial of MCB could produce
several hundreds of WCB wvials. Although a large-scale
fermentation undergoes more number of generations and
encounters more stressful conditions than that with a small
lab-scale fermentation, since it needs more steps of culture
including pre-seed and seed cultures for enlarging the
volume of culture, its generation number does not exceed 20.
As aresults, by the relay culture test, it could be shown that the
genetic stability of the structural gene was stable beyond the
normal generation mumber required for the production process.

High-Cell-Density Culture of Guamerin-Producing P
pastoris

As shown in Fig. &. the cell density reached about 250 of
0Dy, alter DO-statl fed-batch culture, During the methanol
feeding, a slight increase in the cell densily was observed.

Table 1. The expected size of DNA fragments detecled by Southern blol using various combinations of restriction enzymes and probes

in the #3-32 strain.

) Bglll EcoRE
Restriction enzynie probe - -
HiS4 guamerin His4 guamerin
Single integration (kb) 3.7,4.9 4.7 38.74 e
Double integration (kb) 37,47,58 4.7, 5.8 3.8,7.4,8.2 7.4. 8.2
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Fig. 5. Bapected restriction map of the genome of recombinant P pastoris after a second insertion event of expression veclor had

occurred. rG: recombinant guamerin gene.

8: p-lactor signal sequence TT: termunator. SAOXT: AOX] promoter. *: mutation. The /us4° was mutated because it onginated in the mutated fiis4 gene

from the hiost genome.
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Fig. 6. Southern blot analysis of restriction fragments. Isolated
genomic DNA of recombinant P pastoris was restricled and
probed with combinations of BgllI/HIS? (A). Bg/lifguamerin
(B), EcoRI/HIS4 (C). and EcoRT/guamerin (D).

A Lanes | and 6. DNA size marker (A/BstEILL; lanes 2 and 3, host strain
(GS115: lane 4. control stram integrated single cassette of guamenn gene;
lane 3. strain #3-32 B: Lanes 1 and 4, DNA size marker (A/BstEIT), lane 2,
control strajn integraled single cassette of guamenm gene, lane 3, stram #3-
32 C: Lane 1, host strain GS115; lane 2, control stain integrated single
cassefte of guamerin gene; lane 3, strain #3-32, lane 4. DNA size marker
(A/BsEIT) D: Lane [, control sirain integrated single cassette of guamerin
gene: lane 2, strain #3-32; lane 3, DNA size maiker (A/BstEID,

Recombinant guamerin was secreted into the cultore broth
up 1o about 260 mg/l by the methanol induction process.
The total generation number at the end of product cells
(EOPC) in a high-cell-density culture was 10.4. which was
smaller than that by a large-scale fermentation as mentioned
above. During the induction phase, gnamerin was prodnced

1 2345678 kb

8.2

Fig. 7. Southern blot of the mtegrated gene in recombinant £
pastovis producing snamenn with increased number of generation
for test of genetic slability.

Genoriic BNA isolated from cells having a certam generation number was
testricted with Safl and probed with the gnamerin gene, Lane 1. goa@aton
no. 7.5; lane 2. generation no 18.3; lane 3. generation no. 28.49, lane 4.
genctanon na 40.1, lane 5. geneiation no. 47 4. lane 6, generation no.
38.8: lane 7, generation no 70.1; lane 8. size marker (A/Bs/ELL).

by the manner of first order fonction. while the generation
number increased by only 0.1. Based on the result. it could
be interpreted that the expression cassettes were preserved
and worked stably. not only during the growth phase but
also in the mnduction phase.

DNA Sequencing

In order to examine whether or not the DNA sequence of
the structural gene of gnamerin was mainiained correctly.
DNA sequencing [or the structural gene of guamerin was
performed three times for each sample. Samples for DNA
sequencing were prepared from MCB, the last sample of
the relay flask culture, and the EOPC i a high-cell-density
culture, All of the DNA sequences of the structural gene of
guamerin were identical to that of the expression vector
{(data not shown). The resulis confirmed the fact that the
increase of generation ramber during MCB preparation
and a high-cell-density culture did not induce any change
in the DNA. sequence of the integrated guamerin structural
gene.
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