J. Food Sci Nuir,
Vol 2 No 3, p 250 ~254{1997)

Purification and Characterization of Internal Invertase in
Rhodosporidum toruloides Mating Type a Cells

Youn-Kee Jeong*, Kyung-Soon Cho*, Tae-Ho Lee™ and Beung-Ho Ryu*™**

Dept. of Microbiology. Dong ewf Urniversity, Pusan 614-714, Korea
*Public Health and Environment instiiute of Pusan, Pusan 613-104, Korea
**Dept. of Microbiology. Pusan National Universily, Pusan 609-753, Korea
*Dept. of Food Microhiclogy and Teclhinology., Kyvungsung Umiversity, Pusan 608-736. Horea

Abstract

The internal invertase of Rhodosporidium toruloides mating type a cells was purified to a single band
on SDS-PAGE Itom cell-lree extract by acid precipitation, ion exchange chromatopraphy and gel filiration.
The determined molecular weight of the purified enzyme was ahout 95,000 by gel filtralion and 100,000 daltons
on SDS-polyacryamide gel electrophoresis. This enzyme didn‘t show any activity change by several metal
ions except 15.4% decrease by Mn®? and was strongly inhibited by 2-mercaptoethanol and SDS. The invertase
maintained its activity at high level until 70°C, bul inactivated al 80°C almost completely. The optimal tem-
perature and pH of the enzyme were about 60°C and pH 5.0, respectively. The stable pH range of invertase was
narrow from pH 3.0 te 6.0. The Km value and isoeletric point of enzyme were 3.4 X 107°M, pH 5.5, respectively.
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INTRODUCTION

Conjugation hetween haploid cells of the two compati-
ble mating types, A and a. of the heterobasidiomycetous
veast, Rhodosporidium toruloides, is mediated by the ma-
ting pheromone secreted by the hapleid cells of each ma-
ling type({1) Belore the conjugation, the vegetative cells
differentiate to gamele cells responding to the mating
pheromone produced by the opposite mating tvpe cells.

The sexual differentiation is characterized by the arrest
of the vegetative growth in the {(3; phase of the cell division
cycle and protrusion of a long mating tube which grows
toward the partner cells. Rhodotorucine A, a maling phe~
romone produced by the mating type A cells, has the fol-
lowing sequence: Tyr-Pro-Glu-Tle~-Ser-"Trp—"Thr-Arg—
Asn-Gly-Cys~(S-farmesyDOH(Z). Both the famesyl and
the peptidy] moieties are indispensable for the biological
aclivity of the pheromane(3}.

The studies on the mode of pheromoene action have re-
vealed a unique signaling mechanism that reguires hy-—
drolysis of rhodotorucine A al the surface of mating type
a cells as the tngger reaction for the pheromone action{(4).
We have found that the receptor has protease activity.
receyves phetornone of rhodotorucime A, end has high mat-
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mg-rype-specificily present in only mating type a cells
(5-8). The receptor didn't exist in sexual pheromone pro-
ducing tyvpe A but existed only in pheromone-receiving
tvpe a. The receptor has endopeplidase activily and is
a glycoprotein. Therefare. it is regarded that some differ—
ences ol physiological characteristics exist in esch mating
strain(lype A and a). Far the purpose of grasping the mat-
ing type specific characteristics, we have studied invertase
as a target protein.

Invertase(BEC 3.2.1.25) is widely distributed through-
out plant, animals and various microorganisms. In par-
ticular, many studies on yeast invertase have been carrying
out until now.

Recently. we have purified the mtemnal invertase [rom
. torufoides mating type A(9). In this study, we describe
the purification of internal ivvertase from mation type
a cell and compare the enzymaiic characteristics with ma-
fing fype A inverfase.

MATERIALS AND METHODS

Microorganism

Rhodospridium toruloides IFQ 0880-M~1057{haploid
mating type a, ovold cell formm, orange coloted colony)
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stocked in our laboratory was used as a strain which pro-
duce a invertase(10).

Cultivation

We have used YPG medium{11} conlaining 50ug of
chloramphemcol per ml en this culiivation. The seed cul-
ture was mcubated at 28°C with reciprocal shaking for
Zdhr. The main culture was performed In a b00ml—flask
with 200ml of YPG medium and then the seed culiure
broth was inoculated at the concentration of 1x 10°cells
per ml. The culture was done by the continuous recip-
rocal shaking at 28°C for 3 days.

Preparation of crude internal enzyme fraction

Mating type a cells(l % 10°ells per ml) cultivated in
YPG medium at 28°C with shaking were harvested by
centrifugation at 8,000 % g, and the cells were washed twice
with 10mM phosphate buffer(pH 7.0) (buffer A}, follow-
ed by centrifugation at 4°C. The washed cells were sus-
pended in 200mi of buffer A and disrupted by sonicator
{Model SM b1, sonics and materials Inc}, then the cell
debris was removed by centrifugation at 11,000 % g 10min,
The supernatant was used for the crude internal invert-
ase preparalion.

Invertase assay

29 sucrose prepared in acetate buffer(pI 4.0) was
incubated with invertase at 30°C for 30min. The amount
of reducing sugars converted by enzyme was estimated
hy the method of Somogyi-Nelson. One unit of enzyme
activity was defined as the amount of enzyme required
to increase one Mg reducing sugar per minute at 30°C and
pH 4.0 for 20min.

Determination of molecular weight

The molecular weight of the purified enzyme was de—
termined by gel filtration of sephadex G-200. The stan-
dard proteins used for calibration were chymotrypsino-
gen(M.W. 25,700}, elcoho! dehydrogenase(M, W. 40,000),
egpalbumin(M.W. 45.000), bovine serum albumin(M.W,
66,000) and gulcose oxidase(©M.W. 150,000).

The subunit molecular weight of enzyme was esti-
mated by SDS-polyacrylamide gel(10%) electrophoresis.

Measurement of isoeleclric point

The isoelectric paint of the purified invertase was mea—

sured by 5% polyacrylamude disc gel isoelectric focusing
0.2% ampholine(prepared by mxing pH 3.5~10 and 25
~4 ampholites in the ratio of 1 = 2). Three identical gels
(0.8 8Bcm) were prepared, one far the calibration of pH
gradient, another for the detection ol protein, and the other
for the detection of invertase activity. 100ug of purified
mmveriase was loaded on a column and electrophoresis was
done at the constant voitage 100V per column at 4°C for
20hr,

Chemicals

DEAE-Sephadex A-D0, Sephadex G-200, chymotry-
psinogen, alcohol degyvdrogenase, egg albumin, hovine se-
rum albumin. glucose oxidase and low marker protein were
purchased from Sigma Chemical Co.

Other chemicals were ohtained from cormmercial sources.

RESULT AND DISCUSSION

Purification of internal invertase

The mating type a of B toruloides was grown on YPG
medium. The crude enzyme solution from the disrupted
cells was adjusted to pH 4.0 with HCl and frequently stirr—
ed at 4°C for 20hr. The acid precipitated protein was re-
moved by centrifugation(11,000 % g, 20min) and the su-
pernatant protein was adjusted to pH 7.0 with NaOH be-
fore applying to a column.

After dialyzed against 0.01M sodium phosphate buffer
(pH 7.0) for 20hr. the protein was applied to a column(3
by 30cm} of DEAE-Sephadex A-50 containing NaCl(0~
{0.2M concentration). The elution pattern is given in Fig.
1. The first DEAE-Sephadex A-HG column chromatogr—
aphy has taken an vield of 46% in terms of total activ—
ity(Table 1).

The active fractions from the previous step were dia—
lyzed and lnaded on a column of sephadex G-200{Fig. 2).
The concentrated sample was then appled to a gel fil-
tration of Sephadex G-200(2.3 by 90cm) equulibrated with
the same buffer(pH 5). This purification slep has increased
specific activity by about 10 folds of ion exchange step
(Table 1).

The active fractions from the gel filtration were ap-
plied a column of second DEAE-Sephadex A—-5H0 and mo-
no Q(FPLC) column chromatography. After the mono Q
(FPLC) column chromatography, the purity of the internal
invertaze was increased to 183.3 folds in the specific en-
zyme activity of the mating lype a cell compared with
crude extract(as shown in Table 1),
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Table 1. Purification of internal invertase from mating type a cell

Purficat " Total protein Total activity  Specific activity  Purification Yield
Htication step (mg) {units) {units/mg’} fold (%)
Supernatant from sconication 2,046 2,704 13 1 100
Acid{pH 4) precipitation 1,056 2233 21 L6 83
First DEAE-Sephadex 169 1246 79 55 46

A-50 Column chromatography
Gel filtration on Sephadex G-200 14 947 (7.6 512 3
Second DEAE- Sephades

A-30 column chromato-graphy 9 29 810 61.4 4
Mono Q(FPLC) column
Chromatography 1 242 242.0 183.3 9
al pH 9.5 on polvacrylamide gel(10%¢) using the discon-
2.5F -{50 tinous huffer method. Under these conditions the enzyme
appeared as a single protein band when stained with co-
5 i Ao % omassie blue R-250(Fig. 3).
2 2
8 g Molecular weight of internal invertase
o - 43 B ) )
= = The molecular weight of the internal inverlase was
— =
Ié 2 determined under nondenaluring and denaturing condi-
'g 1.0F O-ZEf 20 E tions. The activity of internal invertase was eluted in a
& = E fraction carresponding to molecular size of approximately
]
o sk 0.1 40 05,000 daitons by gel filtration through Sephadex G—200
(Fig. 4). The Sephadex G-200 fractions showing the en—
zyme activity were pooled and further analyzed by SDS-
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Fig_ 1. Internal invertase purification using a DEAE—
Sephadex A-50 column chrematography.
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[Fig. 2. Profile of gel filtration on Sephadex G-200.
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Fig. 3. Polyacrylamide gel disc electrophoresis(A} and
Homogeneity of the purified enzyme SDS—PAGE(B) of the purified interal invertase

- ) . in mating type a.
The purified enzyme was subjected to electrophoresis
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Fig. 4. Determination of molecular weight of internal in—
verlase hy gel filtration on sephadex G-200.
Malecular weights of standard proteins are 1; chymo-
trypsinogen(25.700). 2+ alcohol dehydrogenase(40,000),
3, egg albumin{45.000), 4; bovine serum albumn{66,000),
5; glucose oxidase{150,000).

The coomassie blue stained protein pattern on SDS-
PAGE shown in Fig. 5 demonstrates that the internal in-
vertase ohtained was essentially homogeneous and that
the enzyme passibly consists of a single polypeptide chain
with a molecular weight of 100,000(Fig, 5).

Effect of metal ions and organic compounds

As shown in Table 2, the internal invertase of mating
type a cell didn't show any activity change by several
metal ions, only excepl 154% decrease by Mn®.

The serveral organic compounds(enzyme inhibitor) in-
hibited the mvertase activity from 11.6% to 57.7% by 2-
mercaptoethanal, sodium dodecy] sulfate(SDS), and phenol
(Table 3).
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Fig. 5. SDS-polyacrylamide gel electrophoresis of puri-
fied internal invertase.
Al Purified internal invertase
B Low marker protein

Table 2. Effect of metal ions on ihe internal invertase
activily from type a cell

Reagent(lmM) Relative activity(2¢)
None 100.0
CaClz 160.0
MgS04 100.0
ZnS50s 100.0
CoCl: 1000
Mn(l; 84.6

Table 3. Elfect of organic compounds on the internal
invertase activity from mating type a cell

Reagent{(1mM) Relative activity (%)
None 100.0
EDTA 100.0
2-Mercaptoethanol 46.1
5DS 423
Phenaol 884

Thermal stability and effect of temperature

The enzyme solution prepared in 0.1M sodiumn acetale
buffer{pH 4.0 was kept for 20mn at varjous temperalires
and assayed residual activities. As shown in Fig. 6, the
invertase maintained high activity until 70°C, but showed
almost complete mactivation at 8G6°C.

The optimal temperature for invertase was 60°C{Fig. 6.

Optimal pH and stability of enzyme

After enzyme solutions at various pHs were incubated
at 4°C for 24hr, pH stability was evaluated by measuring
the remaining activity.
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Fig. 6. Effect of temperalure and thermal stability on
internal invertase from mating type a cell.
®—®: Optimal temperature
(O—(: Thermal stahility
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Fig. 7. pH stabilily and optimal pH for invertase activity
from mating type a cell.
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Fig. 8. Determination of Km value.

As shown in Fig. 7, the stability range of invertase was
narrow from pH 3 to pH 6. And oplimal pH was 5.0 for
internal invertase produced by mafing type a cell.

Michaelis—Menten constanis and isoelectric point.

The Michaelis-Menten constants for the sucrose hy-
drolyzing activity of the enzyme is determined from Lin-
eweaver-Burk plots, as shown in Fig. 8 The K value
[or sucrose of mating type a producing invertase was cal-
culated. The Km value of enzyme was 3.4% 10 °M.

The isoelectric peint of internal invertase from a cell
was determined to be about pH 5.5 by polyacrylamide disc
gel isoelectric focusing.
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