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Fermentations of xylose and arabinose by Kluyveromyces
marxianus
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Abstract:  Kluyveromyces marxianus, as unconventional yeast, attracts more and more attention in the biofuel
fermentation. Although this sort of yeasts can ferment pentose sugars, the fermentation capacity differs largely. Xylose and
arabinose fermentation by three K. marxianus strains (K. m 9009, K. m 1911 and K. m 1727) were compared at different
temperatures. The results showed that the fermentation performance of the three strains had significant difference under
different fermentation temperatures. Especially, the sugar consumption rate and alcohol yield of K. m 9009 and K. m 1727
at 40 C were better than 30 °C. This results fully reflect the fermentation advantages of K. marxianus yeast under
high-temperature. On this basis, five genes (XR, XDH, XK, AR and LAD) coding key metabolic enzymes in three different
yeasts were amplified by PCR, and the sequence were compared by Clustalx 2.1. The results showed that the amino acid
sequences coding key enzymes have similarity of over 98% with the reference sequences reported in the literature.
Furthermore, the difference of amino acid was not at the key site of its enzyme, so the differences between three stains were
not caused by the gene level, but by transcribed or translation regulation level. By real-time PCR experiment, we
determined the gene expression levels of four key enzymes (XR, XDH, XK and ADH) in the xylose metabolism pathway of
K. m 1727 and K. m 1911 at different fermentation time points. The results showed that, for thermotolerant yeast K. m 1727,
the low expression level of XDH and XK genes was the main factors leading to accumulation of xylitol. In addition,
according to the pathway of Zygosaccharomyces bailii, which have been reported in NCBI and KEGG, the xylose and
arabinose metabolic pathways of K. marxianus were identified, which laid foundation for further improving the pentose

fermentation ability by metabolic engineering.
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[13])

[14-17]
3
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( XR
XDH XK
AR
LAD)

1 #RE7%

1.1 ##}
1.1.1

(Kluyveromyces marxianus)
9009 1911 1727
9009 1911 1727

1.1.2
(g/L) 20
10 20 121°C 20 min
(g/L) 40 (
)
1.1.3
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Table 1 Primer sequence involved in this paper
E;lmnle Primer sequence (5'-3") ?I;IZ;
XR-F ATGACATACCTCGCACCAAC 20
XR-R GGGGAAGGGGAAAGAAAGTA 20
XDH-F  ATCAACCATGACCAACACTC 20
XDH-R CATGTTCATTCTGGACCATC 20
XK-F CAGCAATGTCTACCCCATAC 20
XK-R CAGGTCAACAGCTTCTCGTT 20
AR-F GAGTCCAAGTGTGTCAAGTT 20
AR-R TCATGGAGCATTGGTGCAGT 20
ADH-F  ATGTCCGGATTGAGTCAAGA 20

ADH-R TTGAGAATGGGTGATTCACC 20

1.14

C )
Tag DNA

DNA marker
PCR

T4 DNA
TaKaRa ( )

1.2 A&
1.2.1

1 mL 100 mL
12-16 h ODg¢g

10%
200 mL 500 mL
8 ( )
30 °C 150 r/min
5 000 r/min 5 min
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1.2.2 GenBank K. marxianus NBRC
oD 1777 (XR XDH
620 nm XK AR ADH XLR)
5000 r/min
5 min 0.22 pm 1) NCBI
(HPLC) Blast
2) Clustalx 2.1
SUGAR
SP0810 0.7 mL/min 1.2.5 RNA Real-time
( 205 nm) RNA RNA (
)
1.2.3 DNA Real-time ( )
30 C 2d
100 mL YPD
30 C 16 h 10 000 r/min 2 %%55}%
3 min 21 OniinEfla KB
2
500 pL , 9009 1911 1727
2/3 (d=0.5 mm) 25 uL (30 C 40 C) 1 2
5 mmol/L NaCl 1
12 000 r/min 5 min
30 C
DNA K.m 1727
25 24 1) 10 000 r/min 32.94 g/L 9.22 g/L
1 min 2 95% ODg0 6
-20°C lh K.m 1911 ODgo 4 6d
10 min 70% 29.19 g/L 4.51 g/L
TE 2.68 g/L
(pH 8.0) RNase RNA K. m 9009 ODg
DNA 5 uL 6.7 6d 28.74 g/L
DNA -20°C 1.89 g/L
1.2.4 40 C
PrimerPremier 5.0 K. m 1727 ODgo 4
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35.60 g/L 5d
19.25 g/L
K. m 9009 ODg» 4.5
35.60 g/L 6d
13.22 g/L
K. m 1911 OD¢yy 3.5 35.60 g/L
6 d 19.79 g/L
A g_
7F —=— K m 9009
—— K. m 1911
6Fr ——K m1727
5
Y 4
S
3
2
1
0 1 2 3 4 5 6 7
t(d)
C 40~ 20
—=— K. m 9009 xylose
351 —e— K. m 1911 xylose
—a— K. m 1727 xylose {16
30 —o— K. m 9009 xylitol
. —o— K. m 1911 xylitol .
= 25 —a— K. m 1727 xylitol | 15 2
o o
2 20 o)
2 =
Rt 8 %
10
4
5

t(d)

E1
H40 CREETHRMERKRKREMABRER)
Fig. 1
(A, C) and 40 C (B, D).
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The xylose fermentation profiles of three Kluyveromyces marxianus strains at different temperatures: 30 ‘C
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x2 ABEBHAEVHNERNERSH
Table 2 Growth parameters of strains using xylose as substrate
o . 3 p (Initial sugar) p (Sugar consumption) p (xylitol) p (Glycerol) p (Acetic acid) p (ethanol)
Temperature (‘C)  Strains  Time (d) (L) (@L) (@) (@L) (@) (@)
30 K. m 9009 6 33.80+0.35 28.74 1.89+0.19  0.24+0.07  0.54+0.05 0.32
K. m 1911 6 33.80+0.35 29.29 0.95+0.86  0.52+0.10  3.12+0.21 2.68+0.27
K. m 1727 5 33.80+0.35 32.94 9.22+0.75 0.17 1.51£0.13  0.65+0.02
40 K. m 9009 6 35.60+0.31 34.61 13.22+1.24  0.54+0.03  0.93+0.12 0.52+0.12
K. m 1911 6 35.60+0.31 15.81 0.29+0.02  0.18+0.01 1.24+0.07  0.92+0.04
K. m 1727 5 35.60+0.31 34.67 19.25+0.23  1.35+0.22  0.84+0.10 0.24+0.11
22 ODnfinS%rEE ABMAANE
(YPD)
K. m 1727
30 C  0.56 g/g
(30 C 40 C) 2 3 40 'C  0.79 g/lg K. m 9009
3 30°C  045¢g/g 40 C  0.63 ¢g/g
0 23 AERGHEREPXEHEREERENTIE
0c 7d B9 b3t
3 21.49 g/L 17.27 g/L
12.22 g/L NCBI XR (K. m 9009, 1911,
K.m 1911 2 1727): KX388390-KX388392 XDH
3098 g/L 6.06 g/L (K. m 9009, 1911, 1727): KX455881-KX455883
3 XK (K. m 9009, 1911, 1727):
40 C KX462707-KX462709 NCBI
K. m 1727 37 g/L 6d NBRC1777
4 g/L 26 g/L
K. m 9009 37 g/L 3
7d 5¢g/L 20 g/L Blast 3 3
K. m 1911 36 g/L K. m NBRC1777
7d 12.5 g/L 98% Clustalx
18 g/L 3
40°C 30°C 22-24 47 52 81 14 115 173 174 195
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221-224 261 276-279 284 287 288
[17]
15 320-321 325 327
42 44
48 54 57 (1]
9 12 14 211 277
10
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—=— K. m 9009
—e— K. m 1911
6 —a— K m1727
S
2k
0 2 4 6 8
1(d)
C 40 ¢ —#— K. m 9009 arabinose  2()
—o— K. m 1911 arabinose
35+ —4— K. m 1727 arabinose
116
30 3
~~ /
S 25} 112
[}
g 20+
R=
e 15 18
<
10 -
—o— K. m 9009 arabinitol 14
S5k —o— K. m 1911 arabinitol
—&— K. m 1727 arabinitol
0 2 4 6 80
1(d)
2

D AH 40 CEETERMNEKRKRILESER)

Fig. 2 The arabinose fermentation profiles of three Kluyveromyces marxianus strains at different temperatures:

30 °C (A, C) and 40 °C (B, D).
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2
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S
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Table 3 Growth parameters of strains using arabinose as substrate

Temperature (OC) Strains Time (d) P (initial sugar) (g/ L) p (Residual sugar) (g/ L) p (Sugar consumption) (g/ L) p (Arabinitol) (g/ L)

30 K. m 9009 7 38.7520.16 8.05£0.11 30.70 13.8520.42
K. m 1911 7 38.1520.30 30.98+0.36 7.17 6.06+0.10
K.m 1727 7 38.76:0.03 17.27+0.42 21.49 12.22+0.33
40 K. m 9009 7 36.79+0.14 4.91£0.13 31.88 19.912.52
K.m 1911 7 36.02+0.56 12.47+0.21 23.55 17.96+0.58
K.m 1727 6 37.38+0.79 3.84+0.29 33.54 25.86:0.38
15 320-321 325-327
XR-K. m 9009 NGSKMPLV PWIDLVGNHYPPET -
XR-K. m 1911 NGSKUPLV PWIDLVGNEYPART -
XR-K. m 1727 NG$KMPLV PWIDWLGNEYPPIFT -
XR-K. m NBRC 1777 NGSEMPLV PWIDWLGNEFPTHET -
Foksk | pskokk kst pokok|; Xk, Sfpk
9--12--14 211 277
XDH-K. m 9009 (EQGETAFE ~ RAKEFG ~ GRIDNVN
XDH-K. m 1911 (KQRETAFE ~ RAEHFG ~ GRIDNYN
XDH-K. m 1727 (KQGETAFE ~ RAKEFG ~ GRIDNVN

(KQGEIAFE ~ RAKHFG  GRIDYN
Dk kil ko iplok solol ok

XDH-K. m NBRC 1777

10 --- 17 38 250 414 417 579
XK-K. m 9009 GHDLSTQQLKCL FDRDEF APTGH  NHPNKSI WEQCNG
XK-K. m 1911 GHDLSTQQLKUL FDRDE APTGH  NHPNKTI WEQCNG
XK-K. m 1727 GHGSFLAALQQL FDRDF APTGE ~ NHPNKSI  WEQCNG
XK-K. m NBRC 1777 GHDLSTQQLKCL ~ FDRNIF  APTRE  NHSNKST WEQSNG
*¥, kogk kg Rk Kk, Fgop o kekg, ok

B3 MkSeiicSdBEABEREEEDINIXRBHNIERFIIERMS
Fig. 3 The differences sites of amino acid sequences encoding three key enzymes in xylose metabolism pathway
between four Kluyveromyces marxianus strains.

24 MHRAEKEGEEPELBHBHEBEERD 1727): KX455884-KX455886 LAD

5 P& & F 5 Eb X (K. m 9009,1911,1727): KX591955-KX591957
NCBI DMKU3-
(AR LAD) 1042
Blast
NCBI AR (K. m 9009, 1911, 3 K. m DMKU3-1042
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99% Clustalx
4
28-30 53 58 89 123-124

154-155 178 204-209 230 245-248 253
256-2571

163 205 239 271-272

39
41-42 44 63-65 125-127 149 196-198
213 217 243-246 (201
66 115 211
K. m 1911 3 K. m 1911
3

2.5 XEEEEEEAYEE RKFNE

AR-K. m DMKU3-1042
AR-K. m 9009
AR-K. m1911
AR-K. m1727

LAD-K. m DMKU3-1042
LAD-K. m 9009
LAD-K. m 1911
LAD-K. m 1727

K. m 1727
K. m 1911 4 (XR
XDH XK ADH)
40 C 0d
2d 4d RNA
4
(XR XDH XK ADH) PCR
0 1
4 5A K m1727
XR
4 XR 1 4.5
XDH XK
5B
K m 1911 XR XDH XK
5C K. m 1911
K m1727
K. m 1727

271-272

4 MRS edBamMRAERRED 2 MXRBHIEEBRFINERMS

Fig. 4 The differences sites of amino acid sequences encoding two key enzymes in arabinose metabolism pathway

between four Kluyveromyces marxianus strains.
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=4 a. = > ox
a2 % ]5 | 44 % E=T 44 %
53 et S I5f ot
S § 2 - 2
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© 5k © Q <
e 1te o~
0 0 0Lk 0
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o 35F 7 - K. m 1911 xylose 2
2 -+ K m 1911 xylitol{ 8 &
=5 307 Z2AK. m1911 ADH | 3
25 K3 K. m 1727 ADH =
o ~ 25 . K]
82 20f %
Er 14 &
=t _:; 15F 3]
S8 10l 2
= 10 =
S 12 =
0
0 1 2 3 4 5 6 7
t(d)
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Fig. 5 Relative expression of genes which encoding three key enzymes in xylose metabolism pathway at different
fermentation time.
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(Xylitol dehydrogenase XDH)
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Fig. 6 [Initial metabolic pathway of xylose and L-arabinose in micro-organisms (D®: the metabolic pathway of

xylose and L-arabinose in bacteria; @@: the metabolic pathway of xylose and L-arabinose in yeast).

( 6®) 4
L- L-

(Arabinose reductase AR) L- K m1727 40°C
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LXR) K. m 1727
(D-xylitol dehydrogenase XDH) K. m 9009
(Xylulokinase XK) 5- 3

(Pentose phosphate

pathway PPP)

3 &%
3 (K. m 9009
K m 1911 K m 1727) (30 C REFERENCES
40 C) [1] Bai FW, Anderson WA, Moo-Young M. Ethanol
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