CHAPTER 4
RESULTS AND DISCUSSION

4.1 Bagasse pretreatment by acid hydrolysis

The lignocellulose hydrolysates like sugarcane bagasse can be used as
fermentation media to obtain xylitol, ethanol and other useful products. During the
hydrolysis of sugarcane bagasse, the sugars are released to liquors, mainly xylose and
glucose. These sugars can be derived from the cellulosic fraction or from some
hetero-polymers of hemicellulosic fraction (Aguilar e al., 2002). It is important to
obtain high reducing sugar concentrations since they are the main carbon source of
most microorganisms.

The sugarcane bagasse was cut to different fraction of particles with a size
lower than 0.85 mm, 0.85-1.70 mm, 1.70-2.38 mm and 2.38-4.75 mm, respectively.
The particles of bagasse, then were hydrolysed using sulphuric acid (H2SOg). The
results in term of reducing sugar (as xylose) are summarised in Table 6-8. The
treatments with H.SO,4 showed no effect of the particle sizes of bagasse in both
reducing sugar contents (xylose and glucose). The particle size (< 0.850-4.75 mm)
tested during the same reaction time did not result in significant difference (p< 0.05)
in xylose production.

Another important factor in the hydrolysis process is reaction time, as the
reaction time increased, the conversion of cellulose and hemicellulose to xylose
increased 2-3 folds (Figure 2). However, if the reaction time is longer than 1 hour,
xylose concentration decreased due to degradation into furfural and
hydroxymethyfurfural (Cruz et al., 2000; Palmgvist & Hahn-Hégerdal, 2000).

The reducing sugar contents were affected by the sulphuric concentration
applied (see in Figure 2). The 3% HSO4 pretreated samples yielded higher sugar
contents than the samples obtained from 1 and 2% H,SO, pretreated bagasse. The
maximum value of xylose was 57.7 g/l treated in the hydrolysate from the 3% H,SO4

treatment and the 60 min reaction time.
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Table 6 Reducing sugar concentrations (as xylose; g/1) obtained in the 1% (w/v)

H,S0O, hydrolysis of sugarcane bagasse at 126.7°C (1.5 kg/cm2 pressure

gauge) in the range of 15-60 min reaction time

Time Particle sizes Reducing sugar concentration
(min) (mm) (as xylose; g/l)

15 <0.85 10.96°
0.85-1.70 11.03
1.70-2.38 10.55°
2.38-4.75 12.10%

30 <0.85 13.97°
0.85-1.70 14.08°
1.70-2.38 12.50°
2.38-4.75 13.10°

45 <0.85 24.24°
0.85-1.70 25.58°
1.70-2.38 21.99°
2.38-4.75 21.72°

60 <0.85 32.70°
0.85-1.70 33.34¢
1.70-2.38 31.35¢
2.38-4.75 30.35¢

ab,cd,

: significant difference (p< 0.05)
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Table 7  Reducing sugar concentrations (as xylose; g/1) obtained in the 2%(w/v

H,SO4 hydrolysis of sugarcane bagasse at 126.7°C (1.5 kg/cm? pressure

gauge) in the range of 15-60 min reaction time

Time Particle sizes Reducing sugar concentration
(min) (mm) (as xylose; g/l)
15 <0.85 13.19°
0.85-1.70 14.17°
1.70-2.38 13.15
2.38-4.75 13.73
30 <0.85 23.32°
0.85-1.70 22.45"
1.70-2.38 21.91°
2.38-4.75 18.60°
45 <0.85 37.36°
0.85-1.70 37.96°
1.70-2.38 35.11°
2.38-4.75 31.51°
60 <0.85 47.38¢
0.85-1.70 45.56"
1.70-2.38 45.54¢
2.38-4.75 43.58¢

ab,cd,

: significant difference (p< 0.05)
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Table8 Reducing sugar concentrations (as xylose; g/l) obtained in the 3%(w/v)
H,SO, hydrolysis of sugarcane bagasse at 126.7°C (1.5 kg/cm? pressure

gauge) in the range of 15-60 min reaction time

Time Particle sizes Reducing sugar concentration
(min) (mm) (as xylose; g/l)
15 <0.85 20.12°
0.85-1.70 20.10°
1.70-2.38 17.77°
2.38-4.75 18.31°
30 <0.85 31.18°
0.85-1.70 30.63"
1.70-2.38 28.96°
2.38-4.75 30.12°
45 <0.85 4521°
0.85-1.70 45.76°
1.70-2.38 45.14°
2.38-4.75 39.96°
60 <0.85 57.71°
0.85-1.70 56.64°
1.70-2.38 54.41¢
2.38-4.75 53.72¢

b<d. hon significant difference (p< 0.05)
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Figure2 Reducing sugar concentrations (as xylose; g/l) obtained in 1-3%(w/v)
H,S04 hydrolysis of sugarcane bagasse at 126.7°C (1.5 kg/cm2 pressure

gauge) in the range of 15, 30, 45 and 60 min reaction times

In conclusion one could observe that, the particles sizes (<0.85, 0.85-1.70, 1.70-
2.38, and 2.38-4.75 mm) of sugar cane bagasse had no effect on hydrolysis, however
3% H,SO4 hydrolysis of sugarcane bagasse at 126.7°C (autoclaved at 1.5 kg/cm®
pressure gauge) for 60 min resulted in the maximum yield (57.7 g/1) of xylose.
Furthermore, the lignocellulosic substrates need to be pretreated and neutralised to

attain the fermentation pH, thereby becoming more suitable for microorganism
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metabolism (Roberto ef al, 1991a&b; Winkelhausen & Kuzmanova, 1998 and
Mussatto & Roberto, 2004).

Consequently, 3% H;SO, was used for hydrolysis of sugarcane bagasse at
126.7°C (autoclaved at 1.5 kg/ecm® pressure gauge) for 60 min. After hydrolysis, the
sugarcane bagasse hydrolysate was treated and neutralised for selection of yeast

strains use.

4.2 Genetic manipulation of yeasts from selected xylitol producing yeasts
4.2.1 Growth of selected yeasts on different carbon source media

The yeasts were grown on YPD agar plate majority containing glucose, on
agar medium containing xylose and the medium containing xylitol. Since glucose is
the most readily fermentable sugar, most of yeasts; C. guilliermondii 5068, K.
marxianus 5057 and H. anomala 5302 which utilise glucose can grow in YPD agar
plate (see in Figure 3- 5). Both C. guilliermondii 5068 and H. anomala 5302 showed
the predominant growth on the most of three different carbon source plates.

Meanwhile, K. marxianus 5057 was clearly grown only on the glucose agar plate.

{glucose) (xylose) {xylitol)

Figure3 Growth of C. guilliermondii 5068 on different carbon sources media.
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(glucose) (x¥lose) (xvlitol)

Figure 4 Growth of H. anomala 5302 on different carbon sources media.

{glucose) (xylose) {xvlitol)

Figure 5 Growth of K. marxianus 5057on different carbon sources media.

4.2.2 Isolation of xylose reductase (XR) gene from selected yeasts

Xylose reductase (XR) is a key enzyme in D - xylose metabolism,
catalysing the reduction of D-xylose. After extraction of genomic DNA, the extracted
DNA from C. guilliermondii 5068, K marxianus 5057 and H anomala 5302 was
analysed on agarose gel. The result of DNA gel showed in Figure 6. In order to isolale
of xylose reductase gene from C. guilliermondii 5068, specific primers for C.
guilliermondii 5068 (XR) gene, based on the sequence alignment of C. guilliermondii
which reported in GenBank database was used. For K marxignus 5057 and H
anomala 5302, degenerated primers for amplification of XR gene were designed

based on the conserved sequence alignment from the other yeast species: Candida
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shehatae, C. tenuis, Pichia stipitis, P. guilliermondii and K. lactis which reported in
GenBank database.

After genomic DNA of C. guilliermondii 5068 and K. marxianus 5057
were extracted and amplified, XR fraction appeared in an agarose gel as a single band
XR fraction K. marxianus 5057 appeared in a gel as a single band with about 900
bases pair in length (see Figure 7 & 8). This K. marxianus 5057 PCR product was
used to generate DNA probe as the specific xylose reductase (XR) PCR probe
labeling with digoxygenin for further experiment.

Figure 6 Genomic DNA extraction from C. guilliermondii, H. anomala and K

HIAFXIARUS.

1kb DNA ladder

2kb
1.5kb

1kb
750bp

S00bp

C-XR-PCR
1525bp

250bp

Figure 7 PCR production of xylose reductase (XR) gene from C. guilliermondii.
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rlkh DMA ladder

kb
1.5kb

K-XR-PCR - 1kb
900bp 750bp
500bp

250bp

Figure 8 PCR production of xylose reductase (XR) gene from K. marxianus 5057.

Since XR gene of K. marxianus 5057 was isolated and showed the least
ability to grow on xylitol medium, meanwhile, xylitol dehydrogenase, the important
enzyme converted xylitol to xylulose, could not isolated from K. marxianus 5057
(data not showed). Consequently, K. marxianus 5057 was chosen for increasing XR
gene to maximise the xylitol production.

4.2.3 Sequencing of K. marxianus 5057 (XR) gene

PCR amplified DNA products of K. marxianus 5057 were cloned into
pCR® - TOPO vectors and sequenced. The result showed nucleotide alignment between
the PCR product and those yeast species are 79 % identity (see in Figure 14-15).

4.2.4 Determination of xylose reductase (XR) expression

K. marxianus 5057 were grown in varies carbon sources growth media;
YPD (glucose broth), YPDX (glucose-xylose broth) and YPX (xylose broth) at 30°C
in shaking incubator (200 rpm) for 5 days. The 50 ml of medium cultures were
collected different time at 2, 3, 4 and 5 days and harvested by centrifugation at 3000
rpm for 10 min at room temperature. Total RNA was extracted from each sample
according to Schmitt (1990), run onto a formaldehyde gel and transferred to nylon
membrane for Northern - blot hybridization. The positive result of digested RNA
hybridization with the specific xylose reductase PCR probe was visualised by
colorimetric detection. Colorimetric detection was performed in the presence of

nitroblue tetrazulium (NBT) and 5-bromo-4chloro-3-indolyl phosphate (BCIP),
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substrates of the alkaline phosphatase enzyme conjugated to the anti-digoxigenin
antibodies.

In this experiment, expression of K marxianus 5057 XR gene could not
determined. So, DNA blotting was conducted for XR gene expression. However, the
result of DNA blotting showed the expression of K. marxianus 5057 XR gene (see in
Figure 9).

Consequently, hydrolysate from sugarcane bagasse was used as the carbon
source. K. marxianus 5057 was grown in sugarcane bagasse hydrolysate broth as the
same conditions of growing in YPD, YPDX and YPX broth. After total RNA was
extracted, run onto a formaldehyde gel and transferred to nylon membrane for
Northern - blot hybridization. The positive result of digested RNA hybridization with
the specific xylose reductase PCR probe was visualised by colorimetric detection
which gave the expression of xylose reductase in K. marxianus 5057.

K. marxianus 5057 showed the highest expression of xyloes reductase in
sugarcane hydrolysate after 4 day culture time (Figure 10). This condition of culture
was used for growing of K. marxianus 5057 to produce xylose reductase protein in the

next trial.

DA dilwtion 107'-10"

Figure9 DNA Dot blotting analysis showing xylose reductase (XR) gene in K

marxianus 5057,
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Glucose-Xylose Xylose Hydrolysate

23 4 5 2 3 4 5 3 4 5 Days

e

Figure 10 Northern - blot analysis showing xylose reductase (XR) gene in K
marxianus 5057 grown on various carbon sources and period of time;
(YPDX Glucose-Xylose medium), YPX (Xylose medium) and sugarcane

bagasse hydrolysate medium and for 2, 3, 4 and 5 days, respectively.

4.2.5 Isolation of xylose reductase full length gene by Southern - blotting

To isolate the full length xylose reductase gene, K marxianus was
cultured in YPDX medium at 30°C in shaking incubator (200 rpm) for 24 h, then the
genomic DNA was extracted from K. marxignus 5057 and digested with Accl, Asnl,
Belll, Clal, Hind 111, Pvul, Pvull, Pstl, Sacl, Smal and Xhol restriction enzymes. The
digested DNA from each enzyme digest was run onto an agarose gel and transferred
to a nylon membrane. After hybridization of the digested DNA on the nylon
membrane with the specific xylose reductase PCR probe, the result showed Southern
blot hybridization in Figure 11. The size of the hybridization fragment increased to
the favoured 4.5 kb as a site of Sac/ digested genomic DNA, the others were to be big

size to encode into the yeast cells.
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1 2 34 567 89 1011

1kb DNA ladder

10kb
8kb
okb
Skh
4kb
3.5kh

4.5kb K-DNA

Figure 11 Southern — blot analysis showing the 4.5 kb Sac/ fragment.

4.2.6 Nucleotide sequence of the XR full length gene in E. coli
transformant

The positive band at the size of 4.5 kb was gel purified, subcloned in pUC
18 and transformed into E. coli following the mention above. The transforming
bacteria, E. coli, was grown in LB broth at 37°C in shaking incubator at 250 rpm for
24 h. The culture was dropped onto Gridded membranes, the membranes then
transferred into YPX agar medium and cultivated for 24 h. The bacterial colonies
were used for colony hybridization. Colony hybridization was performed at 42°C
using the same specific DNA probe.

As shown in Figure 12, two colonies showed positive hybridisation to the
specific probe. Plasmids were then extracted from each colony for sequencing
analysis. The nucleotide sequences of K. marxianus 5057 XR gene (from 2 colonies)
showed in Figure 13 & 14, which were compared with K lactis xylose reductase

(XYL1) gene from database GenBank (see in Figure 15 & 16).



Colony 1

Colony 2

Figure 12 Positive colonies hybridisation with blue colour.

Colony 1 Sequence

&l
121
181
241
301
361
421
481
541
01
661
121
781
841
901
861
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161

GAGCTCATTG
TGTTTTTGRC
AGRGGCAGRG
CTGEGCTGCGE
ATCAACCGCA
GGCATGGAAT
RACACTGGTT
CCRAARCACA
GATCCARGAT
ARCAGGTGTA
CCRACGRARA
GAGRAGRCTT
GTARCCGCAGT
TCCATTTCCC
ACREAGGTAA
ACARCCTACNG
CARRCTTTTC
CCTTGCAGAT
AGGTGGEGCTT
ACARCGARRA
CTCARARRCA
TCGCCGTCAT
AGACCTTTAC
GATTTAACGA
TCTTTCCCCT
GGCGETCCCAC
TCCGTTGTCC
CAGRTCGRAC
GGETEGCTCTA
TCGCTTTGTT
CTGRTATARA
ACTGTTAATA
CCCATACRAC
CCCRGCAGCC
ACGRNGGTTT
ATCGARARCT
MATERANGET

TTTCGTCTGS
TTTGTCTCCA
GCAGARGGCAG
CCCRAGGCATT
ATTGCTCTCG
TGTCACAGTA
GTAARTAGTAT
GTATAGARMC
GCCGCTAGTC
CGARGCCATC
AGRGGTGGEED
GGTCGTCGTT
CGARAGARACC
ATTGGCTTTC
GGACARTTTC
AGCCCTOGRG
GGETGCATTG
CGARCACCRC
GUAAGTUGTE
GGCCTTGCAC
TRACGTRACC
TCCAARGTCC
CTTGTCCGAC
CCCATGGGAC
TCCCATGTCA
CACCCTTTCC
CTCTGGACAR
GTGCCTAARC
GCTTCTGGCT
CTGGCTCATC
GROCCERECT
TGTACARATCT
ARNMTACAACE
CACACCGCCG
CATGGCTARC
TCCCARGGTT
CCAATCTGETC

TGCTGTAATT
LGERCGTGOG
LGECCCAGGD
GETTGGOTTR
TEARGGTTTEG
ATCTGATCAG
RTGTAGTARR
RCCATGACAT
GECTTGGGAT
AAGTTGGGCT
CRAGETATTR
TCTARGTTGT
TTGRRCGACT
BRAGTTCGTGE
GOOANGGRAR
RRGTTGGTCG
BTCCAGGACT
CCATRCTTGG
GCCTRCTUCA
ACARRGRCTT
COATCCCACG
TCOARGAMGE
GRAGATATCA
TGETTGEGECR
ARTGATGAAR
TCCCCTATAT
CGTTCACTAA
TRTATGTCTA
TCTEGETTTCT
GCTTTGATTT
ARTTGTCAAR
BRATTCALTA
CRGARTGGTT
CCATTTACTT
GGTATCGCTG
TCCAGRALGG
ARGHNTTTEZSE

TGCTTGGEGETT
CRCCCACCTG
ATTGCTCTGGE
GGCCCTTCCC
TATTTTGCAT
TCAGTCCOCT
TRETCGTGAC
ACCTCCCACC
GLTGGARRAT
ACCGCTTGTT
ACAGARGCCAT
GGARCAGTTT
TGCAATTGGA
CACTRAGACGA
TCATCGARGA
ACGRAGGTTT
TETTGCGTGEG
TCCAGGACCG
GTTTCGGLCC
TGTTCGARRA
TCTTGTTGRA
ARCGTCTCCT
AGGRAGATCRA
ACRARTTCCC
CGAATGCTTA
AGATGATGGC
CTTCTTCCTT
GGCTATGCCC
GATTGTGTTT
GTCACKCRAGS
AGCRGCCRCA
GRAGTGTATC
CATCACAGGEG
GGCTAGARGT
CTGEETGGETCA
TTTGACCGGN

TTCTTTCGCC
GACTTARGGE
GCCTGGGCCT
ACCACCCATA
TTTTCTGTAT
TACTACTTGC
AGCAGTGTCA
AACAGTTRCC
CCCAARCGAR
CGACGGELGE

CARGGARGGA
CCRCCACCCA
CTRCTTGGAC
AARGTACCCT
GGAGICTGTC
GATCAARATCT
CGTCCGTATC
TTTGATCRCG
ACTATCCTTT
CGACACCATC
GTGETCCRCC
CGAGAACTTG
CGECTTGEAS
MAACCTTTATC
TATACTCTGT
TTTCAARRDLT
CTTTTGACRC
CTCRCTTTAC
TCTTCTTATT
CCTGGAATTT
COARRCERMA,
ACCRCTAGTA
TARCAATTAT
AGARNTCRNG
ACTROCHARC
ANGTGAARTS

TACTGCCTTG
ACRRTCTGGC
GERRCTATAC
TCARACCCAT
ARATAGEEET
TAGTAGTTET
ATTRTCTCCA
TTGARACARTG
GTETETEOGE
CAGGACTROG
ATCCTCARGA
GACARCGTGC
TTGTTCTACA
CORGGTTTOT
CCARTCTTGG
TTGEETATCT
LAGCCAGTCG
TRCGCCCARA
CTOGAGTTE
RAGGECCATOG
CRACGTGGTA
BRAGATCGANG
CAGGERTTEA
TAAGATACTT
BRTATTGGATG
CRAATGTGTT
TTTTTTTTGT
TRATATGTCL
CTGACTARLC
TTCATGARLA
GTEARRACARD
CATGCGTATA
TGEGTTCCGE
COTACCOTAT
CACCRCTGRA
GATGGGATRA

Figure 13 Sequences of K. marxianus 5057 XR gene (colony 1).
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Colony 2 Sequence

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441

GAGCTCATTG
TGTTTTTGAC
AGAGGCAGAG
TGCGCCCAGG
CGCAATTGCT
GAATTGTCAC
GGTTGTAATA
CACAGTATAG
AGATGCCGCT
TGTACGAAGC
ARAAAGAGGT
ACTTGGTCGT
CAGTCGAAAG
TCCCATTGGC
GTAAGGACAA
ACAGAGCCCT
TTTCAGGTGC
AGATCGAACA
GCTTGCAAGT
AARAGGCCTT
AACATAACGT
TCATTCCAAA
TTACCTTGTC
ACGACCCATG
CCCTTCCCAT

TTTCGTCTGG
TTTGTCTCCA
GCAGAGGCCC
CATTGGTTGG
CTCGTGARGG
AGCAATCTGA
GTATATGTAG
ARACACCATG
AGTCGGCTTG
CATCAAGTTG
GGGCCAAGGT
CGTTTCTARG
AACCTTGRAC
TTTCAAGTTC
TTTCGCCAAG
CGAGAAGTTG
ATTGATCCAG
CCACCCATAC
CGTCGCCTAC
GCACACRRAG
ARCCCCATCC
GTCCTCCAAG
CGACGAAGAT
GGACTGGTTG
GTCABATGAT

TGCTATAATT
AGGACGTGCG
AGGCATTGCT
TTTAGGCCCT
TTTGTATTTT
TCAGTCAGTC
TAAATAGTCG
ACATACCTCC
GGATGCTGGA
GGCTACCGCT
ATTAACAGAG
TTGTGGAACA
GACTTGCAAT
GTGCCACTAG
GAAATCATCG
GTCGACGAAG
GACTTGTTGC
TTGGTCCAGG
TCCAGTTTCG
ACTTTGTTCG
CACGTCTTGT
AAGGAACGTC
ATCAAGGAGA
GGCAACGAAT
GAAACGAA

TGCTTGGGTT
CACCCACCTG
CTGGGCCTGG
TCCCACCACC
GCATTTTTCT
CCCTTACTAC
TGACAGCAGT
CACCAACAGT
AAATCCCARA
TGTTCGACGG
CCATCAAGGA
GTTTCCACCA
TGGACTACTT
ACGAAAAGTA
AAGAGGAGCC
GTTTGATCAA
GTGGCGTCCG
ACCGTTTGAT
GCCCACTATC
AARACGACAC
TGRAGTGGTC
TCCTCGAGAA
TCAACGGCTT
TCCCAACCTT

TTCTTTCGCC
GACTTAAGGG
GCCTGGAACT
CATATCAAAC
GTATAAATAG
TTGCTAGTAG
GTCAATTATC
TACCTTGAAC
CGAAGTGTGT
CGCGCAGGAC
AGGAATCGTC
CCCAGACAAC
GGACTTGTTC
CCCTCCAGGT
TGTCCCAATC
ATCTTTGGGT
TATCAAGCCA
CACGTACGCC
CTTTGTCGAG
CATCAAGGCC
CACCCAACGT
CTTGAAGATC
GGACCAGGGA
TATCIAAGAT

TACTGCCTTG
ACAATCTGGC
ATGCCTGGGC
CCATATCAAC
GGCTGGCATG
TTGTAACACT
TCCACCAARA
AATGGATCCA
GCCGAACAGG
TACGCCRAACG
AAGAGAGAAG
GTGCGTACCG
TACATCCATT
TTCTACACAG
TTGGACACCT
ATCTCAAACT
GTCGCCTTGC
CAAAAGGTGG
TTGAACAACG
ATCGCTCAAA
GGTATCGCCG
GRAGAGACCT
TTGAGATTTA
ACTTTCTTTC

Figure 14 Sequences of K. marxianus 5057 XR gene (colony 2).
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gi]5592941gbiL36993.1|YSKXYL Kluyveromyces lactis xylose reductase (XYLl) gene,
complete cds Length=1752

Score = 137 bits (69), Expect = 2e-28 Identities = 312/393 (79%), Gaps = 0/393 (0%)
Strand=Plus/Plus K45

Query 461 AACAGTTACCTTGAACAATGGATCCAAGATGCCGCTAGTCGGCTTGGGATGCTGGAARAAT 520

FCEErrreer te rrrrren PECELEErrerr e e e
Sbjct 717  AACAGTTACTTTAAACAATGGCGAARAGATGCCGCTAGTCGGCTTAGGTTGCTGGAAGAT 776

Query 521 CCCAAACGAAGTGTGTGCCGAACAGGTGTACGAAGCCATCAAGTTGGGCTACCGCTTGTT 580

RN N R R R e AR NN R R N R Y
Sbjct 777  GCCCAACGACGTTTGTGCCGACCAAATTTACGAAGCCATTAAGATCGGATATCGTTTATT 836

Query 581 CGACGGCGCGCAGGACTACGCCAACGAAARAGAGGTGGGCCAAGGTATTAACAGAGCCAT 640

RN R R N AN N R R AR RN AR
Sbjct 837  CGATGGTGCCCAAGATTACGCCAACGAGAAAGAAGTTGGACAGGGTGTCAACAGAGCCAT 896

Query 641 CAAGGAAGGAATCGTCAAGAGAGAAGACTTGGTCGTCGTTTCTAAGTTGTGGAACAGTTT 700

N R e R N e N R N SRR AR RN
Sbjct 897 CAAAGAAGGGCTTGTTAAGAGAGAGGATTTAGTTGTTGTCTCCARGCTATGGAACAGTTT 956

Query 701 CCACCACCCAGACAACGTGCGTACCGCAGTCGARAGAACCTTGAARCGACTTGCAATTGGA 760

PEETYE Tt b i b e | AR RN RN
Sbjct 957  CCACCATCCGGACAACGTACCTCGTGCTTTGGARAGAACTCTTTCCGATTTGCAATTGGA 1016

Query 761 CTACTTGGACTTGTTCTACATCCATTTCCCATTGGCTTTCAAGTTCGTGCCACTAGACGA 820

N N R AR N R NN AR ERREEE RN
Sbjct 1017 CTATGTTGACATATTCTACATCCATTTCCCATTGGCCTTCAAGCCTGTGCCATTCGATGA 1076

Query 821 AAAGTACCCTCCAGGTTTCTACACAGGTAAGGA 853

PEEEE TR Ey bt
Sbjct 1077 GAAGTATCCTCCAGGTTTCTACACCGGTAAGGA 1109

Score = 56.0 bits (28), Expect = 5e-04 Identities = 76/92 (82%), Gaps = 0/92 (0%)
Strand=Plus/Plus

Query 927  GTCGACGAAGGTTTGATCAAATCTTTGGGTATCTCAAACTTTTCGGGTGCATTGATCCAG 986
Pt teeer rrerer re rreerer re rerreree rree rrrrrrb

Sbjct 1183 GTCGACCAAGGTAAGATCAAGTCCTTGGGTATTTCCAACTTTTCAGGTGCGTTGATCCAA 1242

Query 987  GACTTGTTGCGTGGCGTCCGTATCAAGCCAGT 1018

R AR R R NN R R
Sbjct 1243 GATTTGCTACGTGGTGCTCGTATCRAGCCAGT 1274

Figure 15 Sequences blast of K. marxianus 5057 XR gene (colony 1) with K. lactis
xylose reductase (XYL1) gene from database GenBank.
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gi|559294|gbiL36993.1|YSKXYL Kluyveromyces lactis xylose reductase (XYL1) gene, complete
cds Length=1752

Score = 137 bits (69), Expect = le-28 Identities = 312/393 (79%),Gaps = 0/393 0%)
Strand=Plus/Plus

Query 455 AACAGTTACCTTGAACAATGGATCCAAGATGCCGCTAGTCGGCTTGGGATGCTGGARAAT 514

FEErrreer te rrrrrend PLECEErr e ey re e
Sbjct 717  AACAGTTACTTTAAACAATGGCGAARAGATGCCGCTAGTCGGCTTAGGTTGCTGGAAGAT 776

Query 515 CCCAAACGAAGTGTGTGCCGAACAGGTGTACGARGCCATCAAGTTGGGCTACCGCTTGTT 574

R N AR NN e AR R R A S N R R
Sbjct 777  GCCCAACGACGTTTGTGCCGACCAAATTTACGAAGCCATTAAGATCGGATATCGTTTATT 836

Query 575 CGACGGCGCGCAGGACTACGCCAACGAAAAAGAGGTGGGCCAAGGTATTAACAGAGCCAT 634

R R N N R R AR AR R
Sbjct 837  CGATGGTGCCCAAGATTACGCCAACGAGAARAGAAGTTGGACAGGGTGTCAACAGAGCCAT 896

Query 635 CAAGGAAGGAATCGTCAAGAGAGAAGACTTGGTCGTCGTTTCTAAGTTGTGGAACAGTTT 694

RN NN e A N R SR AR R R R
Sbjct 897  CAAAGAAGGGCTTGTTAAGAGAGAGGATTTAGTTGTTGTCTCCAAGCTATGGARCAGTTT 956

Query 695 CCACCACCCAGACAACGTGCGTACCGCAGTCGAAAGAACCTTGAACGACTTGCAATTGGA 754

PLETEL T TErerei 1y RN RN ARRRNRAE
Sbjct 957  CCACCATCCGGACAACGTACCTCGTGCTTTGGAAAGARCTCTTTCCGATTTGCAATTGGA 1016

Query 755 CTACTTGGACTTGTTCTACATCCATTTCCCATTGGCTTTCAAGTTCGTGCCACTAGACGA 814

R R R R R RN AR R AR RN R PEEEEr b 1l
Sbjct 1017 CTATGTTGACATATTCTACATCCATTTCCCATTGGCCTTCARGCCTGTGCCATTCGATGA 1076

Query 815 AAAGTACCCTCCAGGTTTCTACACAGGTAAGGA 847

LR P pre e
Sbjct 1077 GAAGTATCCTCCAGGTTTCTACACCGGTAAGGA 1109

Score = 63.9 bits (32), Expect = le-06 Identities = 77/92 (83%), Gaps = 0/92 (0%)
Strand=Plus/Plus

Query 921  GTCGACGAAGGTTTGATCARATCTTTGGGTATCTCAAACTTTTCAGGTGCATTGATCCAG 980
RN R N N N NN N R RN NN R N R RN R ANy

Sbjct 1183 GTCGACCAAGGTAAGATCAAGTCCTTGGGTATTTCCAACTTTTCAGGTGCGTTGATCCAA 1242

Query 981  GACTTGTTGCGTGGCGTCCGTATCAAGCCAGT 1012

FETEE T it b bl
Sbjct 1243 GATTTGCTACGTGGTGCTCGTATCAAGCCAGT 1274

Figure 16 Sequences blast of K. marxianus 5057 XR gene (colony 2) with K. lactis
xylose reductase (XYL1) gene from database GenBank.
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4.2.7 Expression of the K. marxianus 5057 XR gene in Picha pastoris GS115
Plasmid DNA of E. coli transformant (amplified xylose reductase from
DNA of K marxianus 5057 at 4.5 kb) was subcloned in TOPO, and digested with
SnaBl and Notl restriction enzymes. The subclone was then ligated in pPIC 9 and
transformed into P. pastoris using electroporation method according to Becker and
Guarente (1991). The transforming P. pastoris GS115 was grown on histidine-
deficient medium at 30°C for 48-72 h. The colonies of transformants were selected on
their ability to grow on histidine-deficient medium. The chosen colonies were then
cultivated in Minimmal methanol (MM) medium followed by Minimal dextrose (MD)
medium at 30°C. The XR protein was observed on SDS-PAGE from those colonies.
The xylose reductase protein of K. marxianus 5057 expressed in P.
pastoris GS115 was shown in Figure 17. The apparent molecular weight value is 37.5
kD. The protein sequence of XR gene from Pichia expression has 329 amino acids
(see in Figure 18).

Marker
220kDa

97kDa
G6kDa

45kDa

37.5 kDa
J0kDa

20.1kDa

K-XR Protein

14.3kDa

Figure 17 SDS-PAGE showing XR protein and the molecular mass in P. pastoris
GS115
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Colony 1 protein

1 MTYLPPTVTL NNGSKMPLVG LGCWKIPNEV CAEQVYEAIK LGYRLFDGAQ DYANEKEVGQ
61 GINRAIKEGI VKREDLVVVS KLWNSFHHPD NVRTAVERTL NDLQLDYLDL FYIHFPLAFK
121 FVPLDEKYPP GFYTGKDNFA KEITEEEPVP ILDTYRALEK LVDEGLIKSL GISNFSGALI
181  ODLLRGVRIK PVALQIEHHE YLVQDRLITY AQKVGLQVVA YSSFGPLSFL ELNNEKALHT

241 KTLFENDTIK AIAQKHNVTﬁS SHVLLKWSTQ RGIAVIPKSS KKERLLENLK IEETFTLSDE
301 DIKEINGLDQ GLREFNDPWDW LGNKFPTFI*

Figure 18 Amino acid sequences of XR gene of K. marxianus in P. pastoris GS115

4.2.8 Transformation of XR gene into K. marxianus 5057

Plasmid DNA of K. marxianus 5057 at 4.5 kb from pUC18 was digested
with Sacl, then ligated in pPICZ A, and transformed into K. marxianus using
electroporation method. The transformants, K. marxianus, were cultivated on YPD
agar plates containing 100 pg/ml of zeocin at 30°C for 48-72 h. The selected colonies
were then transferred and grown on YPD agar plates containing zeocin; varies in the
concentration of 200, 500 and 1,000 pg/ml, at 30°C for 48-72 h. The colonies that
grown on YPD agar plates containing 1,000 pg/ml of zeocin were collected.

Consequently, the genomic DNA from cloned K. marxianus 5057 was
extracted and digested with Sacl restriction enzyme. The DNA fragment was probed
using the specific xylose reductase PCR probe. In this present work, 6 colonies of
recombinant K. marxianus 5057 (rfKml, rKm2, rKm3, rKm4, rKm5, rKmé6) were
chosen for further experiment to maximise xylitol production from sugarcane baggase

hydrolysate.

4.3 Growth and xylitol productivity of the isolates and recombinant yeasts
Growth and xylitol production of yeasts both wild type strains (C.
guilliermondii 5068, H. anomala 5302, K. marxianus 5057) and clone cultures of K.
marxianus 5057 (rfKm1, rKm2, rKm3, rKm4, rKm5, rKm6) were investigated. It was
found that during the first 24 h fermentation, the wild tested cultures appeared to
utilise glucose more rapidly in bagasse medium for growth (Figure 19 & 21) and
complete depletion, while a slightly changes of xylose utilisation was occurred during
fermentation as compared with the cloned cultures, except for C. guilliermondii 5068

(see Figure 20).
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The concentration profiles of another sugar (arabinose), acetic acid and ethanol
as a function of fermentation time are shown in Figure 23 - 25. Like most of xylose -
metabolising yeasts, the isolated wild type cultures and the cloned tested yeasts were
not able to strongly ferment arabinose (see Figure 18). The results agreed with the
reported for Candida species (Kim et al, 1999), especially for C. guilliermondi
(Roberto et al., 1994; Sene et al., 2001).

Approximately 7.0 g/l of acetic acid was found in sugarcane bagasse
hydrolysate that was higher amounts than from those corncob and rice straw
hemicellulose hydrolysate (Roberto et al, 1994; Kim et al, 1999). During the
fermentation process, acetic acid concentration slightly decreased in the yeast
cultures, except for the C. guilliermondii 5068, acetic acid concentration appeared to
decrease sharply reaching nearly zero after 72 h fermentation. In contrast, in the
culture media fermented by H. anomala 5302 and the recombinant rKm6, acetic acid
concentration appeared to increase after 48 h fermentation. No negative influence of
acetic acid was clearly identified. However, Lee & Mc Caskey (1983) have suggested
that low concentrations of acetic acid in the medium can improve the growth of
microrganisms.

The high amounts of ethanol production were found in the yeast culture media
during 24 h fermentation and appeared to decrease until the fermentation processes
were finished, except for the hydrolysate medium fermented by C. guilliermondii
5068. This is because Candida species is able to produce both ethanol and xylitol
from xylose (Dominguez, 1996)

Among the 3 chosen wide type strains and 6 clone cultures in shaking flask
cultures (200 rpm) regarding their ability to produce xylitol from baggase hydrolysate
medium, more yield of xylitol was performed in the clone tested cultures than in the
wild type cultures. The concentrations of xylitol yield were rapidly increased in clone
tested cultures after 48 h fermentation. The highest yield of xylitol (15.64 g/l) with
0.13 g/l/h xylitol productivity was found in rKmé cloned culture after 120 h
fermentation (see Figure 22).

On the conclusion, the xylitol production after 120 hours fermentation of
tested cultures, C. guilliermondii 5068, H. anomala 5302, K. marxianus 5057, rKml,
rKm?2, rKm3, rKm4, rKm5 and rKmé6 were 7.41, 3.41, 2.62, 11.04, 9.67, 6.91, 12.48,
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14.83 and 15.64 g/l with the xylitol productivity of 0.06, 0.03, 0.02, 0.09, 0.08, 0.06,
0.10, 0.12 and 0.13 g/l/h, respectively. Since the high potential ability for xylitol
production, the clone tested cultures, rKM6 was chosen for the production of xylitol
in a reactor. However, the xylose consumption and the xylitol production were
strongly affected by the aeration level (Mayerhoff et. al, 1997). Consequently, the

effect of aeration rate on xylitol production would be continued observed.

20 j Glucose utilisation

Glucose concentration (g/1)

: i S
0 24 36 48 72 96 120
time (h)
; —e— C. guilliermondii  —w— H. anomala K. marxianus
3 s tKm1 —%— rKm2 —e— rKm3
l

\ —+—rKm4 —w—rKm5 e TG

Figure 19 Glucose utilisation (g/l) during batch fermentation in sugarcane bagasse

hydrolysate by different yeasts.
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Figure 20 Xylose consumption (g/l) during batch fermentation in sugarcane bagasse

hydrolysate by different yeasts.

Cell mass (g/l; dry weight)
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time (h)
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Figure 21 Cell mass (as dry weight; g/lI) during batch fermentation in
bagasse hydrolysate by different yeasts.

sugarcane
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14 Xylitol production el

Xylitol concentration (g/1)
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Figure 22 Xylitol production (g/l) during batch fermentation in sugarcane bagasse

hydrolysate by different yeasts.
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Figure 23 Arabinose concentrations (g/l) during batch fermentation in sugarcane

bagasse hydrolysate by different yeasts.
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Acetic acid concentration
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Figure 24 Acetic acid concentrations (g/l) during batch fermentation in sugarcane

bagasse hydrolysate by different yeasts.
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Figure 25 Ethanol concentrations (g/l) during batch fermentation in sugarcane

bagasse hydrolysate by different yeasts.
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Table 9  Xylitol production from bagasse hydrolysate by different yeasts during

batch fermentation.

Initial Xylitol concentration Xylitol
Microorganisms xylitol €7) productivity
(gl (g/l/h)
Oh 24h | 36h | 48h | 72h | 96h | 120h

C. guilliermondii 5068 0.00 0.00 | 1.70 | 2.69 | 4.76 5.91 7.41 0.06
H. anomala 5302 0.00 0.00 | 1.12 | 1.72 | 2.88 3.24 3.41 0.03
K. marxianus 5057 0.00 1.07 { 122 | 129 | 1.54 1.83 2.62 0.02
rKm1 0.00 1.74 | 247 | 3.19 | 4.75 746 | 11.04 0.09
rKm2 0.00 1.12 | 2.31 | 320 | 5.07 7.23 9.67 0.08
rKm3 0.00 1.49 | 2.63 | 3.15 | 4.29 5.53 6.91 0.06
rKm4 0.00 000 | 1.09 | 235 | 538 | 946 | 1248 0.10
rKm5 0.00 000 | 136 | 320 | 7.62 | 11.54 | 14.83 0.12
rKmé 0.00 1.83 | 274 | 435 | 9.69 | 13.97 | 15.64 0.13

4.4 Batch culture by recombinant K. marxianus (rKm6) for xylitol production

Xylose bioconversion into xylitol occurs as a function of the presence of xylose
reductase enzyme in the xylose fermenting yeast (Martinez et al., 2000). Aeration
stimulates sugar transport in some yeasts and a wide variety of microorganisms
including Candida, Hanensula, Klyuveromyces and Pichia, require oxygen for sugar
uptake (Nigam & Singh, 1995). Aeration of the fermenting medium enhances xylose
conversion to xylitol because xylitol production is directly coupled to growth of
biomass and is strongly influenced by oxygen consumption. However, some
organisms such as C. guillermondii and Debaromyces hansenii can produce xylitol
under micro-aerophilic condition. (Silva et al., 1998)).

Recombinant K. marxianus (rKmé6) was evaluated in the stirred tank reactor.
The batch processes were carried out in bagasse hydrolysate medium under three
different aeration rate of 0.5, 1.0 and 1.5 vvm and fixed stirring rate of 200 rpm at
30°C for approximately 168 h. Glucose utilization, xylose consumption and xylitol
production are shown in Figure 27- 32. The result showed the cell mass increased
when the aeration rate of oxygen supply was increased (see in Figure 26), whereas

xylitol production seem to be no difference contents during the first 120 h
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fermentation. However, after 120h fermentation, the high yield of xylitol was
occurred in the fermentation batch with the increased aeration rate (see in Figure 30).
The xylitol yield from the batch process with the oxygen supply of 0.5, 1.0 and 1.5
vvm at 200 rpm stirring rate were 40.48, 43.09 and 45.38 g/l, resulting the xylitol
productivity were 0.24, 0.25 and 0.27 g/l/h, respectively.

The shaking / agitation speed is also related to the concentration of dissolved
oxygen that plays an important role in the fermentation of xylose into xylitol. In this
experiment, when the agitation speed (stirring rate) was increased from 200 to 300
rpm at the aeration rate of 0.5 vvm. The result showed that the biomass was sharply
increased (see in Figure 27) leading to increase in xylitol yield during the first 96 h
fermentation and trended to be constant until 168 h fermentation. Whereas, the higher
xylitol yield after 96 h fermentation were performed in the process with the stirring
rate at 200 rpm and the aeration rate of 1.0 and 1.5 vvm, respectively. In this
experiment, the xylitol formation was strongly dependent on the oxygen supply. By
increasing the aeration rate and stirring rate, the xylitol formation increased until a
suitable stirring / aeration rate relationship was reached. Similar results were found by
Silva et al. (1996) using synthetic medium containing xylose as the major carbon
source.

For the concentration profiles of arabinose, acetic acid and ethanol during batch
fermentation are shown in Figure 28 — 30. Again, the present arabinose was hardy
consumed by the recombinant rKm6 for those conditions of batch processes. In
contrast, both of acetic acid and ethanol contents decreased continuously reaching a
zero value during the fermentation. The results showed that oxygenated conditions
appeared to be effected on the acetic acid concentration. For the fermentation
conditions with high aeration rate, the acetic acid were completely utilised in the
shortage time.

In agreement with Preez (1994) and Martin ef al. (2002) who reported that as
the extent of oxygen limitation increases, the maximum concentration of ethanol
increases. The results of ethanol contents in batch processes showed that ethanol was
produced by recombinant yeast during the first 24 h fermentation and sharply

decreased depend upon the oxygenated conditions until reaching to the zero value.
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On the conclusion, XR gene from K marxianus 5057 expressed into the
recombinant K. marxianus 5057 was able to convert xylose to xylitol very efficiently
in sugaecane baggase hydrolysate, compared of those wild types (C. guillermondii
5068, H. anomala 5302 K. marxianus 5057 (see in Table 9 & 10). The maximum
xylitol production (45.38 g/) with 0.27 g/l/h xylitol productivity from hydrolysate
was attained under stirring rate set at 200 rpm and aeration rate of 1.5 vvm which is

about two times that of shake flask culture.

Cell mass (g/1; dry weight)

i 0 24 36 48 72 96 120 144 168
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‘ time (h) 1
|
‘ |
i ~—&—0.5 vvm, 200 rpm —#— 1.0 vvm, 200 rpm !

—&— 1.5 vvm, 200 rpm —#—0.5 vvm, 300 rpm

Figure 26 Cell mass (as dry weight; g/l) during batch fermentation in sugarcane
bagasse hydrolysate by recombinant K. marxianus (rKmé6) under different
aeration rate of 0.5, 1.0 and 1.5 vvm and stirring rate of 200 rpm at 30°C
for approximately 168 h.
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60 Hydrolysate composition (g/1; 0.5 vvm,200 rpm) ‘
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Figure 27 Composition of sugarcane bagasse hydrolysate (g/l) during batch
fermentation by recombinant K. marxianus (rKm6) under aeration rate of

0.5 vvm and stirring rate of 200 rpm at 30°C for approximately 168 h.
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Figure 28 Composition of sugarcane bagasse hydrolysate (g/1) during batch
fermentation by recombinant K. marxianus (rKm6) under aeration rate of

1.0 vvm and stirring rate of 200 rpm at 30°C for approximately 168 h.
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Figure 29 Composition of sugarcane bagasse hydrolysate (g/l) during batch
fermentation by recombinant K. marxianus (rKm6) under aeration rate of

1.5 vvm and stirring rate of 200 rpm at 30°C for approximately 168 h.
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Figure 30 Xylitol production (g/l) during batch fermentation in sugarcane bagasse
hydrolysate by recombinant K. marxianus (rKmo6) under three different
aeration rate of 0.5, 1.0 and 1.5 vvm and stirring rate of 200 rpm at 30°C
for approximately 168 h.
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Figure 31 Composition of sugarcane bagasse hydrolysate (g/l) during batch
fermentation by recombinant K. marxianus (rKm6) under aeration rate of

0.5 vvm and stirring rate of 300 rpm at 30°C for approximately 168 h.
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Figure 32 Xylitol production (g/l) during batch fermentation in sugarcane bagasse
hydrolysate by recombinant different yeasts under different aeration rate
of 0.5, 1.0 and 1.5 vvm and stirring rate of 200 rpm at 30°C for
approximately 168 h.
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hydrolysate by recombinant K. marxianus (trKm6) under three different

aeration rate of 0.5, 1.0 and 1.5 vvm and stirring rate of 200 and 300 rpm

at 30°C for approximately 168 h.

Initial Xylitol concentration Xylitol
Conditions | xylitol C4))] productivity
(& (g/I/h)
Oh 24h | 36h | 48h | 72h | 96h | 120h | 144h | 168 h
0.5 vwwm/ 0.50 2.01 | 6.19 | 12.64 | 2421 | 32.36 | 36.71 | 39.34 | 40.48 0.24
200 rpm
1.0 vwm / 0.47 252 | 7.12 | 12,62 | 25.30 | 32.73 | 36.83 | 39.60 | 43.09 0.25
200 rpm
1.5 vwm/ 0.00 2.10 | 6.78 | 11.74 | 24.66 | 32.18 | 32.45 | 41.04 | 45.38 0.27
200 rpm
0.5 vwm/ 0.00 2,64 | 862 | 1516 |27.14 | 32.41 | 33.66 | 34.78 | 33.95 0.20
300 rpm




