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Technical Application Note No. 101
Designing Hansenula polymorpha as a Biocatalyst for the

Oxidation of Q-hydroxy acids

Introduction

Glycolate oxidase (GO) is a peroxisomal enzyme that catalyzes the oxidation of
hydroxy acids to the corresponding 2-oxo acids (Figure 1). lIts potential industrial appli-
cations include the production of glyoxylate from glycolic acid and pyruvate from lac-
tate. Previous studies have demonstrated the feasibility of performing these reactions
with purified enzyme in both soluble and immobilized systems, but optimal efficiency

i requires a catalase to prevent spontaneous oxidation of the
rlaure t 2 product by hydrogen peroxide (1,2). It has also been shown
}.iata'ase that some catalases are more effective than others in pre-
HO 9 120, HO, venting glyoxylate oxidation.
R C c-o ycolate RH- C C o Although the purified enzyme is an effective biocatalyst, its
OX'dase susceptibility to denaturation under optimal reaction condi-

tions limits its suitability for an industrial process. Since
whole cell catalysts are generally more stable, a series of experiments were performed
to determine whether an efficient biocatalytic process could be developed by expressing

the spinach GO gene in the methylotrophic yésisenula polymorphés,4).

Materials and Methods

The GO gene was amplified from plasmid DNA using standard PCR methods (5) and
subcloned into Bluescript Il SK to form plasmid pDA-PCR1. The gene was then
excised with EcoRI and Bcll and ligated into the EcoRI/BamH]I site of the expression
vector pRB. The resulting plasmid pRBGA
(Figure 2) was then transformed irtio poly- Figure 2
morphastrain RB11, a uracil auxotrophbré3),
using previously published methods (6,7).

To introduce the catalase gerg €erevisiae BamHI
CTT1) into the strain, the plasmid pRBCATT -T. EcoRl
was first generated. The CTT1 coding
sequence was excised from plasmid pHCT1
(8) as a Pstl/BamHI fragment and subcloned
into bacteriophage M13. Site-directed muta
nesis was then performed to introduce Bglll
restriction sites flanking the initiation and ter
mination codons. The novel Bglll sites were
used to subclone the coding region into vect
pRB; the construct was then further modifieq
by the addition of an ADHI/kanamycin resis-
tance gene fusion (9) to create plasmid
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] pRBCATT (Figure 3). Selected clones expressing
Figure 3 Aeplid GO were then re-transformed with this plasmid
: and selected by G418 resistance.

Belll Tube and shake flask cultures were grown 4C37
EcoRI in yeast nutrient broth (YNB; 0.14% w/v Difco

MOX-T.
HindIII Q CATT

BamHI ' ori asp1ie | YNB and 0.5% ammonium sulfate) supplemented
g HARSI D_p with 2% (w/v) glycerol for culture growth. GO
pRBCATT FMD-P. _BamHI | and CTTexpression was initiated by promoter
| ADHI-P. derepression (0.2% (w/v) glycerol) or induction

3700 b
' r (1% methanol). Crude extracts were prepared by

centrifuging the cells for 5 min at 800 g and resus
“EeoRI pending them in 0.1 M NaPi Hef, pH 8.3, con
taining 1 mM DTT 0.1 mM FMN, 10 mM PMSF
and 10% w/v DMSO After breaking the cells

with glass beads, cell debris was removed by cen

trifugation for 15 min at 15,000 g 1@).
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Results

Characterization of GO-Producing H. polymorpha Strains

Competent cells of strain RBwere transformed with the GO-containing plasmid
pRBGAO. Several hundred transformants were selected, passaged, and analyzed for
glycolate oxidase activity using a colorimetric assafter the first round of screening,
enzyme titers between 2913 and 7524 mU/mg were obtaifieel transformant exhibit

ing the highest activity was then subcloned.

One subclone chosen fqr further studgsig . Figure 4
nated GO1, was determined to have approxi
mately 30 integrated copies of the plasmid. Dry Weight (g/L) GO Activity (U/g)

100 300

The transformed yeast strain was grown in a
10-liter culture in a medium composed of
Pepton 190 (2 g/L) yeast extract (1 g/L) Pept
5 (3 g/L)YNB (1.4 g/L) ammonium sulfate (5
g/L) and potassium dihydrogen sulfate (0.6
g/L) containing 3% (w/v) glycerol. Once ster
ized, the fermentor was inoculated with a 2-
liter overnight culture. Culture conditions we
pH 5.0, 30C, aeration at 10 I/min, agitation a

. 250
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500 rpm. Glycerol concentration was moni y ¥ %0
tored and, once consumed, it was added in &

PO, controlled feed to keep the concentratiofl  °% 10 w0 30 40 50 60 70 °
between 0.1% and 0.4% for 24 hours (promg Time (hr)

derepression phase). Promoter induction was
then initiated with a feed containing 50% methanol, 1% glyc¥iB, and various

salts and vitaminsYields of roughly 240 U/g wet weight cells were obtained, with GO
representing 14% of soluble intracellular protein (Figure 4).

Glycolate oxidase was found to be primarily located in peroxisomes, so <1% of the
enzyme was accessible for the bioconversion reaction in whole cell preparétions.
simple incubation step in phosphatefbutontaining 0.1%riton X-100, benzalkonium



chloride or Barquat MB-50 was digient to permeabilize the cells without causing sig
nificant leakage through the cell wallThis procedure was therefore adopted as a stan
dard part of the preparation.

Oxidation of L-lactate

An aqueous solution containing 0.5 M sodium L-lactate, 0.1 M isobutyric acid (HPLC
internal standard), 6.0 IU/ml soluble spinach GO, and 10,000 IU/ml soluble catalase
(Aspeugillus niger) was placed in a reaction vessel and adjusted to pH 9.0 with NaOH.
After 5 hr the yields of pyruvate and acetate were 95.3% and 0.9%, with 4.5% of the
lactate remaining @ble 1). The catalase activity remained constant throughout the
reaction, while the GO activity fell to 68% of its original value.

TheH. polymorphacatalyst was prepared as described abdvbiocatalyst was also
prepared from a GO-expressing strairPopastorisusing the same methodhe con
struction of this strain and procedures for fermentation have been described. Reaction
conditions were essentially the same as those used for the purified enzymes, but an

aliquot of permeabilized cells

replaced the GO and catalase| Table 1: Comparison of GO Catalysts in Lactate Oxidation
The performance of the whole GO Catalase Lactate Pyruvate Acetate
cell catalysts was found to be Catalyst  (IU/ml)  (IU/mI) (%) (%) (%)
superior to that of the soluble | go|. enzymes 6.0 10,000 0.9 95 45
enzymes, even when only one r7 polymorpha 6.5 5,000 0.4 97 2.5
half of the catalase activity wal p pastoris 1.1 2,500 33 93 5.0
present (&ble 1). The higher | p pasoris 23 5,000 0.4 97 2.3
yield of pyruvate obtained with  p, pas10ris 6.5 10,100 0.4 99 0.7
both theH. polymorphaandP.

pastoriscatalysts appeared to be due to a decrease in oxidatiogOhyskice the

amount of acetate is correspondingly low€&he results obtained witH. polymorpha
and withP. pastorisat 5,000 and 10,000 U/ml catalase suggests that the catalase may be
limiting even with the cellular catalysts.

Conversion of Glycolate

Table 2: Yield of Glyoxylate from For the production of glyoxylate, optimum yields require
Glycolate Oxidase Expressing Strains the addition of an amineA typical bioconversion reaction
was performed as follows: First, a 100 ml agqueous solu
Glyoxylate tion of 0.75 M glycolic acid, 0.863 M ethylenediamine
Strain Reaction (%yield) (EDA), and 0.1 M isobutyric acid (as an internal standard

for HPLC analysis) was adjusted to pH 8.9 and cooled to

GOl ; g;g 5°Cina 300-m! stirred reactoA sample of permeabilized
: GO1 cells (equivalent to 5 g wet weight, 880 U GO and
3 98.0 453,000 U catalase) was then addé&te reaction was per
4 98.0 formed with stirring (100 rpm) under 1.7 MPa oxygen
GO1/GTT 1 98.8 pressure at®. Aliquots were withdrawn regularly to
2 98.8 monitor substrate and product concentrations.
3 99.8
4 100 As shown inTable 2, yields of glyoxylate were >97% when

ethylenediamine was used. Furthermore, it was possible to

recover the biocatalyst by brief centrifugation and to reuse it in up to 25 successive
reactions with little loss of enzyme activity or product yield.



Characterization of GO/CTT1-Coexpressing Strains

One of the advantages of tHe polymorphaexpression system is the ability to overex

press more than one heterologous gene and to select the gene ratio giving optimal per
formance.A strain was therefore generated expressing both GO and cdatdiaseS.
cervisiae(CTT1). Strain GO1 was transformed with plasmid pRBTAFigure 3),

and transformants were selected by resistance to G418. Selected clones expressing high
levels of CTT1 activity were found to have 2-25 copies of the CTT1 gene in addition to
the 30 copies of GOThe three strains selected for further investigation harbored 10,

15, or 25 copies of the CTT1 expression cassette.

The coexpressing strains were then evaluated for genetic stability under non-selective
conditions. Cells were cultured ¥PD and sampled after 100, 300, and 800 genera
tions. DNAwas then isolated and analyzed by Southern blot usifg-abeled FMD
promoter probe The copy number of each gene (GO and CTT) remained constant, and
there were no observable changes in restriction patterns that would indicate genetic

rearrangements.

Oxidation of Glycolate

A biocatalyst was prepared from the GO1/CGiliin according to the procedures
described aboveThe results of reactions in which ED¥as used as the amine indicat
ed little efect of the heterologous catalase on thieiehcy of glycolate conversion
(Table 2). Howevermther applications requiring amines other than Eite found to
be significantly more étient using the coexpressing strain.

Discussion

The experiments described here demonstrate the suitabilitsirfenula polymorpha

for applications involving biochemical conversions. Heterologous proteins can be
expressed at high levels in a rapid fermentation schéihe.harvested cells can then be
utilized as catalysts for the desired reactiéithough the applications discussed here
required permeabilization of the cells, the procedure is very simple and can be per
formed in bulk directly after harvesting.he permeabilized cells can be stored indefi
nitely at -80C without significant loss of enzyme activity

The use of whole cell catalysts circumvents some of tlieudifes associated with the

use of purified enzyme system$he enzymes are generally more stable in the cellular
environment, particularly when vigorous agitation and/or aeration is requitezicata

lysts are readily removed from the reaction mixture by centrifugation and can be used in
numerous recycles without significant loss of enzyme activity

The ability to introduce more than one gene and to select the optimum ratio is a very
powerful tool in biocatalysis, metabolic pathway engineering, and recombinant protein
production. This versatility is one of the features makidgnsenula polymorphan
attractive host for virtually any application.
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