Kor. J. Appi. Microbiol. Bioeng.
Vol. 17, No. 2, 88-93 (1989)

Xylanase FH| 222t Xylose W& 522 Protoplast Fusion

Cell Fusion Between Xylose Fermenting Yeast and Xylanase
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To improve a new yeast strain capable of converting xylan to ethanol directly, we tried protoplast
fusion between xylose fermenting yeast (Candida sp. X-6-41) and xylan assimilating yeast (Crypto-
coccus sp. XB-33), finally selected the most promising two fusants (XFU-1 and XFU-2). As the op-
timum conditions for protoplast formation, the yeast cells were cultured to exponential phase in
YPD and YPX containing 0.6M KCl, respectively, and then treated with zymolyase (0.25mg/ml),
cellulase(4mg/m/)) and 100mM 2-mercaptoethanol at pH 8 and 30°C. The protoplasts of parental
auxotrophs were fused in the presence of 20mM CaCl, and 40% polyethylene glycol(M.W. 4000).
The physiological and morphological characteristics of the fusants, such as assimilation of carbon
sources, cell size, growth rate, xylanase activity and xylan fermentation ability were investigated.
Xylanase activity of fusants that cultured in chemically minimal medium was higher than that of
fusants that cultured in completed medium, because xylanase producing activity of xylose fermen-
ting yeast(X-6-41) was inhibited by isoleucine.
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Table 1. List of used strains.
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Table 2. Compositicn of media.

Strain Phenotype Remark

X-6-41* Wild type  Isolated from soil

XB-33** Wild type  Isolated from soil

X-6-41-1 His- NTG mutant of X-6-41

XB-33-37 Arg- NTG mutant of XB-33

XFU-1 Wild type  Fusant between X-6-41 and
XB-33

XFU-2 Wild type  Fusant between X-6-41 and
XB-33

*; Xylose fermenting strain
**; Xylanase secreting strain

X A Hek

oore T wWelF: Fe|& sl YPX uliz],
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YPD, YPX wAe| A tisFAl7] 271 (X641 17
hr, XB-33:36hry7= &A% d45 A9z,
A5 A e H*”*Q- A= dAezef 2 Luf o]
0.6 M KCI-2 #7138l hypertonic ZA]uf=]ellA] 5~7
al7b wlekslgl:, xylanase 4447+ alcohol WES

88l A& chemically defined medium(CDM), XSD,
KPM w215 Agelgom oo 2=A4L Table 29
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o},
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I“gre(‘?,;‘jm CM MM YPX CDM XSD XPM
Xylose 2 2 1 - - —
Xylan - — - 1 1 1
Yeast extract 0.2 — 0.5 - - 0.1
Polypeptone 0.1 — 0.5 - - 0.2
(NH9.SO0;, 02 0.2 — 03 02 01
NBWA* — — — - 02 —
NaH,PO, 01 0.1 - 0.1 0.05 0.1
CaCl, — - - 0.1 - 01
MgS0,4-7H,0 6.05 0.05 - 0.1 0.05 001
FeSO47H,0 0.001 0.001 — — — —
KCl 0.05 0.05 - — — —

*. Yeast nitrogen base without amino acid

**. Hypertonic medium = complete or minimal med. +
KClI to 0.6M
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Protoplast &&=

X-6-41 #3F9 XB-33 #59 protoplast A&
7% Ax3 A3 lytic enzyme zymolyase 2} cell-
ulase 3 27 A3 AS Bl FAlo 4lo] A
A4S A7kl wE At Fol
Zt}h(Table 3).
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ol w2 protoplast FA-E Z zbelrl gisler
X-6-41 2] 7% YPD uizlel] 0.6M KCI‘% 2713k
aRReiz| A HEFA A LA sfokd FAE

protoplast &-&

Table 3. Effect of enzyme on protoplast formation.

Protoplast ratio (%)

Enzyme  Strain
60min  90min 120min 150min
Zymolyase  XB-33 16.2 12.7 15.1 19.7
(0.25mg/ml) X-6-41 23.0 23.0 283 37.1
Cellulase XB-33 11.0 139 127 174
(4mg/ml) X-6-41 31.2 416 423 431

Zymolyase + XB-33 28.2 35.3 34.2 45.2

Cellulase X-6-41 36.1 420 464 56.8

The cells which were cultured in YPX medium were in-
cubated with different enzyme in 0.6M KCl Tris-HCl
buffer containing 100mM of 2-mercaptoethanol at 30°C
for various time
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Table 4. Effect of culture medium on protoplast forma-
tion.

Protoplast ratio (%)

Medium Strain

60min 90min 120min
YPD XB-33 274 33.2 35.4
X-6-41 37.0 42.3 15.2
YPX XB-33 28.0 31.0 32.0
X-6-41 35.4 40.1 43.0
KYPD* XB-33 32.0 36.0 41.0
X-6-41 79.2 80.1 80.9
KYPX** XB-33 35.0 39.1 42.0
X-6-41 69.2 72.1 72.0

The cells were cultured toexponential phase in different
medium and then incubated in 0.6M KCl Tris-HCl
buffer containing zymolyase (0.25 mg/m/), cellulase
(4mg/m/) and 100mM of 2-mercaptoethanol at 30 °C for
various time

*: Hypertonic YPD medium containing 0.6M KCl

**: Hypertonic YPX medium containing 0.6M KCl

Table 5. Carbon assimilation of parent & fusant

Assimilation

Strain

Trehalose Inositol Arabinose
XB-33-37 - + -
X-6-41-1 + - +
XFU-1
XFU-2




Vol. 17, No. 2

91

A: XB-33 B: X-6-41
Fig. 1. Photomicrographs of parents and fusants.

Table 6. Cell size of parents and fusants,

Strain Cell sizefum) Cell volume(um3)
XB-33-37 6.7 157.4
X-6-41-1 4.8 57.9
XFU-1 5.5 87.1
XFU-2 5.3 779

F9} 22] trehalose, inositol, arabinose o =&k =}
355 7t skl

Mz37| £3n Felloa

S Eo} AFAEY 2718 24 A} Table 6
# o] fusant @l XFU-1, XFU-22 wild type 9
Z7kasls vy

agjn Az Hels AT A Fig. 13 2ol
fusant = bipolar budding -2 dted chain 3 22

o lale
efele A &

MEE XAl

Fusant ¢ 485% 2418 73} X-6-41 & F57]
7} 3hr, XB-33¢ 9hreol® fusant+ 9hroz 1}
byttt Fusant @] growth curve pattern-2 wA|

C,D; Fusant 1 and 2

1.6 [
.::)?\
El2f o
= ) o
123 M ‘\‘
a § ~
e
= 08 |
F3
£
&
3
04 |-
o
.@o&(—fi L L. A 4
0 6 12 18 24 30
Time (hrs)

Fig. 2. Growth curve of parents and fusants,

Strains were cultured in YPX medium 30°C, and the
growth were measured at 620nm.

0-0: X-6-41, x-x: XB-33,8- ®: XFU-1, &a-a: XFU-2

Aoz XB-33# vlsdtdtH(Fig.2). °l& Sakai
9} Saitoch(16)9] ®.ief w2w parent cell Rt
fusant & A&o] HolzAlths ¥ et Abo|d gt
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Table 7. Alcohol anaerobic fermentation of fusants on
xylan,

Strain Alcohol concentration (%)
XB-33 0.000
X-6-41 0.008
XFU-1 0.214
XFU-2 0.280

Substrate; 2% of xylan Ferment. Temp.; 30°C
N-source; 0.2% of (NH,),SO4+ YNBWA 0.1%
Shaking culture for 10days/15days (120 strokes/min)
Alcohol was determined with GC

Table 8. Xylanase production of fusants.

Medium Relative activity (%)
Strain CDM XSD XPM
XB-33 6.3 8.4 100.0(1.5)*
X-6-41 65.3 63.3 3.0
XFU-1 81.0 77.3 0.6
XFU-2 100.0(0.9)*  100.0(0.7)* 0.0

Cells were grown at 30 °C for 7 days.

Xylanase activity was measured at 50 °C for 1 hour in
the 50mM phosphate buffer (pH 5.0)

*: Relative activity: O.D. difference of C and S at 546
nm.

Xylan ofiA 2} alcohol W&

Fusant 9] alcohol Wa#H-E zAlsl7] 98t 2%
xylan-& 7|22 g FHxuixolM LEE AYA|F
% alcohol ¥5% &4 A fusant <l XFU-,
XFU-22 wild type Bt} alcohol H=7F &
0.214%, 0.280% & JebHigic(Table 7).

Xylanase 4§42

19 xylan & 7|42 3 HaAlv=lol T-&
30C, 647t Aewokd W FAFHEE enzyme
solution &2 slod Alwell w2l xylanase AAHE
st Avjgg ez el A Table 83 #
o] w3l CDM, XSDelAl¥ AH= fusant 7}
xylanase activity & VERHS = wbs) bl
XPM ol xylanase 4ol Ao g, o=
fusant 7} X-6-41 ¢ AA& o] WHIE Zo=
FZ5r X-6410] ARl xylanase B4
o] A9 glv AL ARAN NN A&d Az Zo]
xylanase A4 A] isoleucine ©| xylanase A4S o
Ashe A#E FZE U,

A%}l
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o}, Parent ¢ fusant ¢ xylanase 42 Aulx
B AR Aol Eghedl o] AL xylose W&
AR (X-6-41)9) 7% isoleucine ol &3t xylanase
production inhibition &3e} & 2] 5F¢d o},
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