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bacKgrouna7 incroauction
 

In Thailand and otber LDCs alcohol distilleries are
 

small and scattered al] over the country. It is being 

considered as one of the few local agro-industries which has 

economic impac L on the Pommuni LV i n terms of" employment and 

utilization of" 1o'; :al raw materials, since 75-80% of the 

prod(tiun cost comes fr)m raw material . From our own 

inves.t.igat i on and personal communicatio n with local alcohol 

distilleries in nurtLeaster'n and southern areas where fresh 

water is scarce and bracki sh water is used in the iashing 

process, f ermentat ion proceeds slowly and "ffi ci ency is 

reduced by abou L hair. This is due to many complications 

such as the intolerance of the yeast strain employed to high 

salt conce-.trations which sodium chloride is included, and
 

the high salt concentrations of brackstrap molasses itself,
 

the combined effects of which are detrimental to
 

fermentaticn activities. The inhibiting effect on yeast
 

growth enables other microorganisms present in the mash
 

to over grow and retard fermentation by yeast, since the
 

main mash is inpasteurized.
 

To solve such problem of alcohol distilleries 

improvement of yeast strain employ in mashing process to be 

halotolerant yeast is one promising method. Protoplast 

fusion technique is a novel technique in constructing 

hybrids of microbial strains currently used in industry. 

Although the concept and techniques are well known,
 

hybridization of yeasts from the two distinct
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characteristics of halotolerance and high ethanol production
 

has not yet been reported. 

Protoplast fusion has proved to be a highly 

efficient procedure for accomplishing genetic recombination 

in microorgalni Sis , i ncludirig yeast. Successful protoplast 

fusion has bn.ri reported in many indust.rial st rains of 

yeast, fe example, by Spencer et at. (1980) on 

Saccharomyes; dias taticus, which improved starch hydirnlysi.s 

abil ity. Wilson et. al. (1982) obtained hybrids from 

Schwanniom ces al luvious and SaccharoLmyces I_ which 

ferment st'arch direc t vl to ethanol. Morishita and Yamaguchi 

(1983) fusod Toru ,!)fsis haIlni t_r atIphi a, a salt-tulerant 

yeast which required ,s with Photothecavitamin tr grwth, 

zopyfii, salt-.snsi t iye fungus c , ttained a hybrid which 

grew in 1.5 > sodijunm chlori de arid did not require vitamins 

for growth. Seki et al . (1983)ol, n i ,ned producinghigh ethanol 


and flocculent hybrids from a floc-ulent strain (of S. 

cerevisia o isolated in Thailand and an industrial ethanol 

producing strain from Japan. 

Halotolerant yeast, a kind of osmophilic yeast, is 

usually present in various kinds of fermented food where 

high concentration of sodium chloride is used in the 

process, such as soysauce, miso etc. Predominant strains 

usually found in these products are S. rouxi which can 

tolerate 20-22% salt concentration (Lee arid Lee, 1978). 

However, the effici ency of alcohol fermentation by these 

strains is very low; S. rouxii var. halomembranis, for 

example, produced only 1.9% W/V ethanol in the presence of 
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18% sodium chloride and 3.2% W/V without salt (Onishi, 1963). 

Yamagata and Fujifta (1970) iolated and identified several 

strains of halotolerant, yeasts from miso and soy mash. They 

found that the tolerant rang of yeast varied widely bet ween 

0-22% sodium chloride. Wikerham and Burton (1960) reported 

heterothal lism in S.. r'ouxi i , anI various strain of thi s 

species are or hal) oid wid h opposite mating either" diploid ci 

types. ieterot ha I i sm may he usefe for the l)ui'pose of 

mating desirable strnins or oppusi Le mating types by 

convent ional method. Mori and Onishi (1967) wr, successful 

in breeding tcw strains of S. rouxii ani ())t a ind a diploid 

hybrid of high sal tt ipe ran,,e. 1hevahu ti (1978) invest igaLed 

. r'.ux ii in Fermentirg sov mash arid foun Lhat Lhis 

species was invived in sy-sauce fermenation in Thailand as 

well. A sing!I mat. ing type was predominant in most of the 

soysauce factories in Bangkok, t"hile opposite mating type 

was isolated from only one sample in Uthai-Thani province, 

north of Bangkok. 

A total of 413 strains of halotolerant yeast were 

isolated from 285 samples of brine fermented products, 

products of high sugar content, molasses etc. which 

collected from many provinces in Thailand. Two hundred and 

sixty one strains were chosen from 690 strains in stock 

cultures. - 1 f;7.1 halot oleran t. strains obtained were 

screened at tw,) level of sodium chlocide, 5 and 17%. The 

temperature used for screen i rig was 40 C. At. 5% sod i um 

chloride good e thanol fermenit ing strains in salted molasses 

medium were expected to "baiii. While at 17% sodium chloride 

the strains chich iowed good growth in high concentration 
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of sodium chloride were selected. At each level of sodium 

chloride the screening was divided into 3 steps. The results 

of final screening showed that at 5% sodium chloride 

strain S013, S037, S065, S090 and 251 were sel-ected. While 

at 17% podium chloride strain 126, 130, 356 and 370 were 

obtained. 

From 9 strains of hi gh e thanol producing 

Saccharomyces cerevisiae strain 130, AM12 and Sc90 were 

selected to be used for hybridization with halotolerant 

strains. 

Each of selected halotolerant strain is intended to 

hybridized with each of high ethanol producing strain of S. 

cervisiae using protoplast fusion. 

To facilitat e the selection of hybrids halotolerant 

parental strain is induced t.o be auxot.rophic mutant while 

high ethan nol producin, i p :.re it apel st. rain Lo be used is 

respiratory deficienuit nutant . In the last. reporting period 

auxotrophipc mutants (f' halotolerant strains selected at 5% 

sodium chloride were ,btlani ed by treatment with ethylmethan

sulfonate (EMS)I . However , no auxotrophic mutant of the 

strains select ed at 17% sodium chloride ,was able to be 

constructed by IMS , UV or both EMS and UV. Respi ratory 

deficient nut ants of all selected high ethanol producing 

strains were successtfully isolated by treatment eel ts with 

ethidi um l,'c.mide. Few crosses of protoptast fusion were 

car,ried out and somea hybrid fusants were obtained. 
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In this reporting perioi the isolation of 

auxotrophic mutant of haloto.lerant strains selected at 17% 

sodium chloride was repleated by using N-methyl N'-nitro-N

nitrosoguanidin (NTG) instead of EMS, UV or both EMS and UV. 

Alt mutalits otbt a i rId fr om the last and this reporting 

periods were toste d for their cababil ity of ethanol 

produutir colmpared w it h their' w ild t ypes. This is in order 

to obtain the mutan t whi ch could produc'e ethanol the same 

or almost the same amount as proiuced by their wi ld type. 

Hybridizati on be tw wn ha]otolerant .Atrmoi n and high ethanol 

prodiie-ing strain was carried out at. t his stage 1 1 crosses 

were successfully complet e& The seleoct. ion of potent fusant 

from the fusants obtained were carried out. 

Works which were carried out at the laboratory of
 

Dr.J.B. Hicks, Department of Molecular Biology, Research 

Institute of Scripps Clinic, San Diego, California by 

Dr. Savitree Limtong during her visit will be discussed. 
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Objectives
 

Overall objectives
 

The project is aimed at constructing a new hybrid 

from two different foundation st rains, namely halotolerant 

strain and an industri'l], ethanol producing strain, through 

a protoplast fusion techniqu e. The halotolerant strain of S.. 

rouxii, currently used for fermentation or" soysauce , which 

tolerati-,s salt concentrat.ion0 s over" 18% but produces low 

ethanol concentr'at.ion (usual ly less than 5% V/V) will be 

used as the pa rental st rain. The industrial al cohol 

producing strnin, S. core isait!e , which ca t ferment cane 

molasses at high rate and produce high ethanol concentration 

will be used as the other parental strain. The hybrid from 

both st rains mentioned will incorporate the characteristics 

of producing high ethanol concentration in high salinity 

molasses mash, due t recombi nat. ion of desirable 

characteristics f'rom the parental strains. This result is 

impossible by conventional matin g techniques because the 

parental strains required are from different yeast species, 

but a protoplast fusion technique can be used successfully 

for t he combin ng of two different species, as reported by 

many authors. The performance of new hybrid strains obtained 

will be tested under laboratory conditions. 

It is expected that the selected hybrid will be 

used for industrial alcohol production, especially for 

distilleries where brackish water or high salinity well 



water is the only available resource. There will be no doubt 

that the new hybrid can be used in other LCDs under similar 

environmental o.,idi t. ions. Fur'thermor(-, th, new hybrid wi ] I 

be usef'ul fo- fuel a I rohu produe V i on from eel lulo se based 

feed stwo,-k Uiis ig an i(,id t reatment. proc qS wh i(h a.l so 

generate high sal ini ty mash anid requi res a s peei al yeast 

strain for that purpose. 

Objectives of this reporting period
 

1. To construct the selecti Ve (genetic.) marker of the 

remaining parental strains which could not construct in the 

last reporting period. 

2. To construct new hybrids by hybridization high ethanol 

producing strain with halotolerant strain by mean of 

protoplast fusion. 

3. To select the potent fusants which can produce higher 

ethanol concentration than their parental strains in high 

salinity molasses mash at 40 C.
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Materials and Methods
 

1. Isolation of auxotrophic mutant
 

Cells were mutagenized by treatment with N-methy, 

N' -nitro-N-ni trosoguaridine (NTG) following the method 

recommended by Fink (1986) with variation on NTG concentra

tion. 

2. Isolation of respiiatory deficient (RD) mutant
 

Cells were treated with ethidium bromide following 

the method described b,,, Seki et al. (1983). 

3. Protoplast fusion
 

Protoplast was prepared using enzyme Zymolyase 

(5,000 or 20,000 U) following the method of Arima and Takano
 

(1979) . Protoplast fusion was performed in polyethylene 

glycol(PEG) and calci.u.i ion as the method described by Seki 

et al. (1983). 

4. Selection for the potent fusant
 

Selection for the potent hybrid was carried out 

many steps at 40 C. At first fusants picked from 

selective regeneration medium (minimal medium containing 

glycerol as sole source of carbon) were isotaled into pure 

cultures. The purified fusants were tested for their 



9 

capability to grow on molasses agar (molasses 5% sucrose 

equivalent sLgar w' neentration, 0.05% ammonium sulfate and 

1.5% agar) containing 0 and 1.5% sodium chloride at 40 C. 

Growth of the fusans which could grow well on 1.5% sodium 

chloride molas:..s agar at 40 C were investigated on 3% 

sodium cliorid molasses agar at 37 and .40 C. The fusants 

which could grow; on thi.-;imdium wo,-rer selected to be 

investigatod for .thu,] trrnontati en in 3% sodium chloride 

molasses f'm'n ma (no] 15%.at. i medium asses sucrose 

equivalent, 0.05% ammonitm sul fate and :3% sodium chloride) 

at 40 C both by standing tub and shaking flask cultivations. 

5. Analysis
 

Ethanol concentration was determined by using 

Gasliquid Chromatograph (Shimadzu GC-9A) with propanol as 

internal standard. Cell concentration was measured as 

optical densi Ky of eel suspens i on at 660 nn, after washing 

with 0. 1 N HC1 by Spect rophotomni oar (Shimadzu UV-240). 3ugar 

concentration was doetoermire d by ph0nol sulfuric acid method 

and ligh Performance Liqu id Chromatograi (HPLC. 
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6. Works had been done at Research Institute of Scripps
 

Clinic
 

6.1 Investigation of growth on YPD agar containing
 

various concentration of sodium chloride
 

Growth of' all se e-cted yeas ts to be used for 

protoplast fusion were invesLi ga ted after 3 days cultivation 

at 30 C oni YP) mediurm(yeast extrac 1%, pept)one 1%, dextrose 

2% and agar 1.5%) containing various concentration of sodium 

chloride, 3-17%. 

6.2 Chromosome separation
 

Chromosome of the selected strains were separated
 

by orthogonal field-alteration electrophoresis (OFAGE)
 

following the method dercribed in Experiment XIV "Chlromosome 

separation" in, Manual for a course "'Methods in Yeast 

Genetics" of' Cold Spring Harbor Laburatory. (Fink et al. 

1986).
 

6.3 DNA preparation
 

DNA of all selected strains were prepaied using the 

method of "Yeast DNA mini-preparation (40 ml) described in 

Manual for a course "Method in Yeast Genetics" of Cold 

Spring Harbor Laboratory (Fink et al. 1986) with some 

modification. The DNA was investigated by mini-gel 

electrophoresis using 1 y: TBE buffer at 96-100 V for 30 

minutes. 
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6.4 Transformation of plasmid BT131 into high ethanol
 

producing strains.
 

a ) Growth of' high ethanol producing strains on 

minimal medium containing 3 mg/] of sulfometuron methyl(SM), 

a herbicide. 'his medium will be used as selective medium 

for transformation. 

b) Lithium transformation of plasmid BT 131 into 

Saccharomyces cerevisiae M 30, AM12 and Sc90 were performed 

by thn method recommended by )r . Hlicks and his colleague as 

follow. Inoculated 2 AI of a sa tur'ate(I overnight culture 

into 100 m YPD and grev shak ing at 30 C for four hours. 

Peletted ce lls in two 50 ml polypropylene tubes in 

centrifuged at 2,200 rpm for 5 minutes. Poured off 

supernatant. Resuspended cells in a total of 10 ml of TE (pit 

7.5) and combined in one tube. Spun at 2,200 rpm for 5 

minutes. Poured off super'natant. Resuspended in 5 ml of 

0.1 M LiOAc in TF (pH1 7.5). Shaked gently at 30 C for 30 

minutes. Spun at 2,200 rpm for 5 minutes. Be careful when 

pouring off this supernmatant since some strains form a 

slippery pellet at this stage. If necessary the cells can be 

spun for a longer time to form a better pellet. Resuspended 

in 1.0 ml of TE (pH 7.5). Transferred 0.1 ml aliquots into 

microfuge tubes containing 5 uA of 10 mg/ml sonicated salmon
 

sperm DNA and 5 to 20 ug of plasmid DNA in a maximum volume
 

of 10 uL . Remember to do a no plasmid DNA control. Incubated
 

on ice for 30 minutes. Then transferred to 37 C water bath
 

for 5 minutes. Vortexed briefly to resuspended ceils and
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add 1 ml of 10% PEG (average MW 8,000), 0.1 M LiCAc, TE 

(pH 7. 5 ) . Mixed )y inverting the t.ube several times. 

Inuebated on ice for 30 minutes, then at. 30 C for 30 

nii ites; . Spun in microfuge at 10; 000 rpm for 15 seconds. 

Resusperded ;in 200 ul of SOS and spreaded on two 

selective plates ( Minimal medium coritaining SM). 

SOS (to make 20 ml) : 10 ml 2 M sorbitol, 6.7 ml YPD, 

3.2 ml 1120, 13 ml l N CaC1 2 

PEG , Dissolved 22 g of PEG (average MW 8,000) in 31 ml 

of H2 0 and autoclaved. Measured volume of" this solution 

needed for your experiment and added one-tenth volume of 

sterile 1 M LiGAC, 100 mM Tris-1ICL (pH 7.5), 10 mM EDTA 

(pH 8.0). 
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Results and Discussion
 

1. Isolation of auxotrophic and respiratory deficient
 

mutants and selection for the potent mutants to be used
 

as parental strains for protoplast fusion.
 

In the last reporting period auxotrophic 

mutagenesis of halotolerant strains were carried out by 

traetment with EMS. Unfortunately, no auxot 'ophic mutant of 

the strains selected at 17% sodium chloride, strain 126, 

130, 356 and 370 was obtained. However, in the late of last 

reporting 1e in', aunotrophic muta.genesi s was repeated but 

mutagen useKd vas whanged to NTG. The result obtained in this 

report ri , pe riod showed that onl y 2 auxotrophic mutants of 

strain 126 and 1 mutant of strain 356 were able to be 

isolated when NTG 100 mg/ml was used for 20 minutes. 

No mutant was obtained from strain 130 and 370 even 

cells were treated with the same conentration of NTG 

for the same period, Isolation of auxotrophic mutant of 

strain 130 and 370 were repeated many times, however, no 

mutant was obtained. 

All auxotrophic mutants obtained in the last and 

this reporting periods were investigated for ethanol
 

production compared with their wild type cultures in order 

to select the strain which had no or little change 

in ethanol fermentation capability from wild type. 

Ethanol fermentation of auxotrophic mutants of 

strain S913, S037, S065, S090 and 251 were carried out in 
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molasses fermentation medium containing 5% sodium chloride 

(molasses 20% sticrose equivalent,O.05% ammonium sulfate and 

5% sodium chloride), at 10 C by standing tube cultivation. 

The result of ethanol fermentation by atuxotrophic mutants 

of strain S013 was shown in Figure 1. Among 12 mutants 

obtained 15 mutantis could not. produce ethanol while the 

other mutants rotulhd. Among the Iutants whichl could produce 

ethanol muLtanti. S013-AG3 produced highest ethanol concentra

tion, 0.72% W/V. Therefore mutant S01 >-A63 was selected to 

be used for proroplast, fusion. From the total of 23 mutants 

of strain S02?, 7 mutants could not produce ethanol in this 

condition. The othetr mittants produced 0.i-0.79% W/\' while 

their wil d t ype produtced 0,61% W/V (Figure 2). Mutant 

S037-A73 whic-h prodit d 0 ,79% W/\ was selected. A total 

of 24 mutants of strain S065 were tested for ethanol 

fermentat iorn in 5% sodiu: chloride molasses fermentation 

mediumm tisi ng standing tube cultivati on, at 40 C. The result 

showed that 5 [mttan t, coulId( ot produced e thanoi . The 

other mutants produced 0.05-0.39% W/V of ethanol while 

wild type produced 0.32% W/V (Figure 3) . From the result 

mutant S065-A25 and S065-A14 which )roduced 0.39% W/V were 

selected. Three auxotrophic mutants of S090 were tested for 

ethanol produc tion in 5% sodium chloride molasses 

fermentation medium. The result was shown in Figure 4. 

mutant S090-A1 and S090-A3 were selected since they produced 

same amour of ethlhanol as their wild type, 0.80% W/V. Ethanol 

production of 7 mutants obtained from strain 251 were 

investigated in 3% sodium chloride molasses fermentation 

medium using shaking flask cultivation at 40 C for 3 days. 

Mutant 251-A17 producecd highest ethanol concentration, 1.92% 

http:0.05-0.39
http:0.i-0.79
http:equivalent,O.05
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W/V, and 251-A 5 oroduced 1.84% W/V while wild type produced 

2.03% W/V (Figure 5) . These two mutants 4ere select.ed. 

Auxot rophiciutanI ts ofr strain 126 and 356 were 

investigated for' their rowth on inolasses agar at 40 C. The 

resu? t. sho. .,. that huth imiit.ants of' .0rain 126 c-ould not grow 

on mIO l I ,.: aLga r whi l1 a mu tant of' st ran i 356 ,as able tc 

grow. 'h r', , ( the iso Lat i)n of' auxot r,)ph i mutant of 

strain 126) has to be repeated sanmo Ls strain 130 and 370. 

Table I summarized the auxotrophi a mutants to be used as 

halotolerant, parental strain f'orpr'ooplast f'usion. 

Respiratory deficient (RI)) mutants of high ethanol 

producing, strains 130, AM12 and Sc90 obtained in the last 

reporting period were investigated for ethanol production 

c om p a ' e d w i t h t h e i r w i I d t ype s t 1a i n s . Th e e t h a no I 

fermentation as et,,iarvi tedout in molasses fermenta lion broth 

(molasses 20% sucrose ,-quivalent midn 0.05% ammonium su. f'ate) 

us ifii st :a ding tu t, ('ilt ivati.oni it .10 U' for 2 days. The 

result, showd that, al R mtants uf' M30 produced very low 

ethano.,l 'o 1\,( io .hen .ompar,.d with their wild type.In krat 

Therefore. ttw isolation of RD mutant of M30 was repeated. 

Totally 218 mutants were picke ! ard tested for ethanol 

production. Two 1111inta.in |-, . 0-RI) l and 1i:30-RD108, which could 

produce a lit.,.le iu , tmI hanoil ration were selectedcnaan t 

to be used for I'us ion (Figum',: 6) . Ethanol f>'r'nentatJon of 12 

respiI'ata.r: d,'f'icieitIl mtants of' !t r'aJi i AMI 2 w;ere carried 

out and the rt-su l wa s shotn inr Figur,, 7. Mutant AM12-RD67 

was select.,te . One ,'1) multant of' S(c90-RI) I , obtained was also 

tested for ethanol production and the result. showed that it 

http:lit.,.le
http:1111inta.in
http:select.ed
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Table 1 Summarization of the selected auxotrophic mutants
 

to be used as halotolerant par'erLal strain for 

protoplas t fusion. 

Wild type Auxotrophic mutant 

Strain selected at 5% NaCI
 

S013 S013 - A63
 

S037 S037 - A79
 

S065 S065 - A25
 

S065 - AI4 

S090 S090 - Al 

S090 - A3 

251 251 - A17 

251 - A5 

Strain selected at 17% NaCl
 

356 356 - Al
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produced ethanol 0.,41% W/V wh i le i ts wild type produced 

0.51% W/V. Therefore this mutant was selacted to be used in 

hybr'idization. Table 2 summarized the respir'atory detficient 

mutants to be used as high ethanol producing parental 

s train. 

The ethanol production of all mutants and their 

wild types were found tio be very low. This is might due 

to high sugar concentrat ion of the fermen tati on medium and 

unflavorable cul ture rod iCt ions such as very high 

temperatur,. lowever, this investigation was performed only 

to co11,1 ar n th ethanol pr educing capability of the mutants 

with theiv' i ]id type "u] tures. 

2. Protoplast fusion and the selection for potent fusant.
 

2.1 Protoplast fusion of S.eerevisiae AM12 and strain
 

S013 and the selection for potent fusant.
 

(1) First batch Protoplast fusion was performed 

between S. cerevisiae AM12 and S013 and 95 fusants were 

collected. All fusants obtained were cultivated on molasses 

agar (molasses 5% sucrose equivalent, 0.05% ammonium sulfate 

and 1.5% agar) without and with 1.5% NaC], at 40 C. Growth 

on salted molasses agar was investigate eve ryday for 5 days. 

The result, showed that 3 fusants could grow well at 5 days 

of cul ivation (Tab le 3). Tlohse 3 fusants were investigated 

for growth on 3% sodium chloride molasses agar at 37 and 40C 

and only one fusant, 612 could grow on this medium at both 

temperatures (Table 4). The ethanol fermentation of fusant
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Table 2 	 Summarization of the selected respiratory deficient
 

mutants to be used as high ethanol producing
 

strain for protoplast fusion.
 

Wild type 	 RD. mutant
 

S. 	cerevisiae M30 M30 - RD11
 

M30 - RD108
 

S. cerevisiae AM12 	 AM12 - RD67
 

S. cerevisiae Sc90 	 Sc90 - RDl
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Table 3 	 Summarization of the result of growth by fusants obtained 

from the cross of S. cerevisiae AM12 and S013 on molasses 

agar containing 0 and 1.5', iiacl at 40 C. 

NaCi in Number Number of fusant grow on molasses agar 

molasses of fusant 

agar test Growth Good Growth 

1 day 5 days 1 day 5 days 

0% NaCl 

First batch 95 4 4 1 2 

Second batch 104 13 9 9 9 

1.5% NaCl 

First batch 95 4 4 1 3 

Second batch 104 30 31 7 8 
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Table 4 	 Growth of fusants obtaine-d from the cross of S. cerevisiae 

AMI2 and strain S013 on 3% NaCl. molasses agar. 

37 C 	 40 C 

Strain 	 Incubation period(day) Incubation period(day) 

1 3 5 1 3 5 

S. 	 cerevisiae A112 + + ++ - + + 

strain S013 + + + - + + 

fusant 6E2 ++ ++ +++ ++ +++ 

6E4 ......
 

6E5 ......
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6E2 was tested in 3% sodium chloride molasses fermentation 

mediurn (mo Lasses 15% sucrose equivalent, 0.05% ammonium 

sulfate and 3% sodium chloride) using standi ng tube 

culLivation att 10 C for -1 days. The resu] .t was shown in 

Table 5, tiat fusn .anL 6E2 grew and produced ethanol lower 

than both parental s--trains. 

(2) S .. ond batch Another' batch of protoplast fusion 

between S. cerevisiac AN12 and S013 was performed and 104 

fusants wer'e obtained. Among these, fusan ts only 8 fusants 

showed good groi,'th un 1.5% sodiumu chlori-de mUlasse agar at 

40 C(Table 3).Th e 8 fusar t-,s.'e . selected arid inves:t.igated 

for growth on 3% u, ltium chlo ride molasses agar at 37 and 

-10 C. The result iridicat.,d thi a- 1I '_-e eted fusant could 

grow on this mediun at hoh termpe ra tures (Table 6). 

However, only 4 fusant s 7E94, 7E140, 7E16.1 and 7E217 grew 

better than their parental strains. These 4 fusants were 

selec ted for further investigation. 

Ethanol ferment-ition of these selected fusants were 

investigated and the resuIt was shown in Table 7. All 

selected fusan ts produced very low ethanol concentration 

when compared with their parental strains. 

2.2 Protoplast fusion of S. cerveisiae AM12 and strain
 

S037 and the selection for potent fusant.
 

S. cerevisiae A112 was hybridized with S037 using 

protoplast, fusion techniqne and only 3 fusants could be 

constructed. When they were tested for their growth on 
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Table 5 Ethanol fermentation and growth by selected fusants 

obtained from the cross of A. curevisi ae AM12 and 

strain 	 S013 in 3% NaCI mola:-;ses ftrementation medium 

using sLanding tube cult. ivat ion,at 40 C for 4 days. 

Strain 	 Ethanol Growth
 

% W/V OD 660 nm 

S. 	cerevisiae AM12 3.09 1.9
 

strain S03 2.21 1.4
 

fusant GE2 1.05 0.9
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Table 6 	 Growth of fusants obtained from the cross of S. cerevisiae 

AM12 and S013 on 3% NaC] molasses agar. 

37 C 	 40 C 

Strain
 

Incubation period(day) Incubation period(day) 

1 3 5 1 3 5 

S. cerevisiae AM12 - + + + ++ ++ 

strain S013 - - + + + + 

fusant 7E94 ++ +++ +++ ++ ++ +++ 

7EI10 ++ ... +++ + + ++ 

7E111 ++ +++ ... + + ++ 

7EI14 ++ +++ +++ + ++ ++ 

7E115 ++ + +++ + ++ ++ 

7E140 ++ +++ ... ++ +++ +++ 

7E164 ++ +++ ... ++ ... ... 

7E217 + ++ ++ ++ +++ ... 
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Table 7 	 Ethanol fermentation and growth by selected fusants 

obtained from the cross of' S. A1erevisiaeandANI2 

strain S013 in 3/ NaCI s.5OH folferment tior, medium 

using shaking flask #.ult.ivation, at, 40 C ,for 3 days. 

Strain 	 Ethanol Growth
 

% W/V 	 OD660 nim 

S. cerevisiae AM12 4.41 	 3.3 

strain S013 1.76 	 8.5
 

fusant 7E94 0.16 	 0.7 

7e140 0.20 0.9
 

7E164 0.12 0.6
 

7E217 0.18 0.8
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molasses agar without and with 1.5% sodium chloride at 40 C 

all fusants were able to grow and 2 f'usants could grow well 

(Table 8). Also, on 3% sodium chloride molasses..1afgra both 

fusants grew better than their parental strains (Table 9) 

thanol c'iimien tat in of b I,%b l'PnrH in 1% sodium 

chloride molasses ferrmentat ion medium was inves.tigated. The 

resul t .nhowed1 that 'usanLt. B3 pr',iuced ethanol (1.69% W/V) a 

little hi gher than its paret AM 12 (.1.11% W/V) while another 

fusant, H. , pr'o tlicc A a Imost. tlh, same amounl. ' 4 .4 ;% W/V) 

Table 1(0. Th r'rt'ore these ta." f.usnrnrLt., 13 arnd N-.1were furtlher 
e han" iLe o 1, pr du i i on Ihi; am me]i um b)ul used 

shaking flask cult i nt On, at 10 C. From the result fusant 

1B3 anrd B4 p rodl up~ maxi~ti mum e t haano I c once n t ra: t i o r. a t 6 0h , 

5. 63 and 5. 69% W/'V, rspeweti vel y. Whi Ile max i mum ethanol 

conce_ raI i()n ipre,d .ed by AM 12 and S037 , the parental 

st. rains , wor e obta i neI at- 1 8li , 5 . 30 and 3. 69% W/V, 

resp,'t iv,.ly (F'igure 9). However at 18 h both fusants 

produced othano 1 
[11oi than their parental strains 

2.3 Protoplast fusion of S.. cerevisiae AM12 and strain
 

S065 and the selection for potent fusant.
 

S. cerevisiac AM12 was fused with S065. A total of 

594 fusants were obtaIned. Their. growth were investigated on 

3% sodium chlo rid molasses agar at 37 and 4(0 C. The result 

showed that 587 fP nkt.s could gr ow at both 37 and 40 C and 

552 fusants grew well (++++ and +++) at 10 C (Table 11). The 

552 fusants grew well at 410 C were selected and investigated 

for their growth on 3% sodium chloride molasses agar 
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Table 8 Summarization of the result of growth by fusants obtained 

from the cross of' S. cerevisiac AHI2 and S037 on molasses 

agar containing 0 and 1.5% NaCI at 40 C. 

NaCI in Numiber Nmiber of f'usant grow on molasses agar 

molasses of fusant 

agar test Growth Good Growth 

1 day 5 days 1 day 5 days 

0% NaCI 3 3 3 0 

1.5%NaCi 3 3 3 2 2 
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Table 9 	 Growth of fusants obtained from the cross of S. cerevisiae 

AMI2 and S037 on 3% NaCi molasses agar. 

37 C 	 40 C 

Strain 	 Incubation period(day) Incubation period(day)
 

1 3 5 1 3 5 

S. cerevisiae AM12 - + + + ++ ++ 

strain S037 - + + + + ++ 

fusant 	B3 ++ +++ ++ . ... 

B4 ++ ... ... ++ ... ... 
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Table 10 Ethanol fermentation and growth by selected fusants 

obtained from 

strain S013 in 

using shaking 

Strain 


S. 	cerevisiae AM12 

strain S037 

fusant B3 

B4 


thhe c-ross of S. ecerevisiae AM12 and 

3% Na(], molasses Fummentation medium 

flask cultivation, at 40 C for 3 days. 

Ethanol 	 Growth
 

% W/V 	 OD660
 

4.41 	 3.3
 

1.57 	 9.5
 

4.69 	 2.8 

4.46 	 3.6 
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Table II Growth of fusants obtained from the cross of 

S. cerevisiae AMI2 and S065 on 3% NaC1 molasses agar. 

Number oxf fusant 

Growth 

At 37 C At 40 C 

Growth ++++ 166 105 

Growth +++ 313 447 

Growth +4 95 33 

Growth + 13 2 

No growth - 7 7 

Total 594 594
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containing molasses 15% sucrose equivalernt, at 40 C. Before 

t h i i nv%es ti ga i 1 so [I)e f usaant s were segregated wh i Ie 

500 fusan ts remalined stable, There.fore onl y 500 fusant.s were 

tested and the id i (ited that fusallts grew wellre~sul t (l, 327 

(+++) or i s -I0 atthIL IedIu, C (Table 12) These 327 fusants 

wer-e furllh L irlest ig ta.d 

Ethanolr 'product.ion by the selected fusants were 

investiga:ted ii :3/ sodtun :hlortide molasses fermentation 

medium usirg s tandi ng tube culti ration, a t 10 C. 

Unfortunate]y, L ." al l f I I f. t itsr' d ey low et(' nl-1 1 1 I d Lha 

concentration, less than 0.2% /'V , espeially when compared 

w,:ith th(ir pa rental str11ains, AIM12 and S065 (3.01 ard I .:36% 

W/V, respect i voly )I. There fore n1o further invest igated had 

been carr'ied out. 

2.4 Protoplast .- cerevisiae aridfusion ,f S. AM12 strain
 

S090 and the selection for potent fusant.
 

S. cerve isiea ..\M12 w fused with S090 and 35 

fusants were obtai ned after recomfi rmed . Among 35 fusants 

only 4 fusants showed good growth on 1.5% sodium chloride 

molasses agar at 40 Ci (Table 13). ALso, all fusants could 

grow on 3% sodiurit chiloride mo lasses agar at 37 and 40 C but 

only one fusant, 71-.', grew betftr thian its pa rental .,,trains 

at both temperatures (Table ]4). 

When fusant 7D4 was investigated for ethanol 

production at 40 C in 3% sodium chloride molasses 

fermentation medium the result showed that it produced very 
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Table 12 Growth of selecte fusants obtained from the cross of
 

S. cerevisiae AM12 and S065 on 3% NaCI molasses agar
 

containing molasses as 15% sucrose equivalent.
 

Number of fusant
 

Growth
 

At 37 C At 40 C
 

Growth ++++ 0 0
 

Growth +++ 483 327
 

Growth ++ 
 9 36
 

Growth + 
 8 128 

No growth - 0 9
 

Total 
 500 500
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Table 13 	 Sumnarization of the result of growth by fusants obtained 

from the cross of S. cerevisiae AM12 and S090 on molasses 

agar containing 0 and 1.5% NaCi at 40 C. 

NaCI in Number Number of fusant grow on molasses agar 

molasses of fusant 

agar test Growth Good Growth 

1 day 5 days 1 day 5 days 

0% NaCl 35 	 7 7 4 4
 

1.5% NaCl 35 	 17 21 4 4
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Table 14 Growth of fusants obtained from the cross of S. cerevisiae 

AM12 and S090 on 3% NaCI molasses agar.
 

37 C 40 C 

Strain 

Incubation period(day) Incubation period(day) 

1 3 5 1 3 5 

S. cerevisiae AM12 - + ++ + ++ ++ 

strainS090 - - + - - + 

fusant 7D4 +, ++ +++ ++ ++ 

7D17 ++ ... ... + + ++ 

7D20 ++ +++ ... + + ++ 

7D30 ++ ... +++ + + ++ 
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low ethanol concentration when compared with its parental
 

strains (Table 15).
 

2.5 Protoplast fusion of S. cerevisiae AM12 and strain
 

251.
 

Protoplast fusion was performed between S.
 

cerevisiae AM12 and 251. 
A total 12 fusants were obtained.
 

Unfortunately, all fusants on
could not grow molasses agar
 

without and with 1.5% sodium chloride at 40 C (Table 16).
 

Therefore they were not be further investigated. 

2.6 Protoplast fusion of S. cerevipiae AM12 and 356 and
 

the selection for potent fusant.
 

Protoplast fusion between S. cerevisiae AM12 and 

356 was performed. Totally 38 fusants were obtained. They 

were tested for growth on 1.5and 3% sodium chlor [d molasses 

agar at 37 and 40 C. The result showed that all fusants 

could grow at both temperatures (in salted molasses agar 

(1.5 and 3% sodium chloride) in Table 17. Therefore all of
 

them were investigated for ethanol production.
 

Ethanol production of these 38 fusants were 

investigated in molasses
3% sodium chloride fermentation
 

medium at 40 C. The result showed that no fusant could
 

prodt;ced ethanol higher than both parental strains, AM12 and
 

356, which produced 3.04 and 1.90% W/V, repectively
 

(Table18)
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Table 15 	 Ethanol fermentation and growth by selected f.sants 

obtained from the cr'oss of S. cerevisiae AM12 and 

strain S090 in 3% NaCI molasses fermentation medium 

using shaking flask cultivation, at 40 C for 3 days. 

Strain 	 Ethanol Growth 

% W/V 	 OD660 nm
 

S. 	 cerevsiae AM12 4.41 3.3
 

strain S090 4.89 7.1
 

fusant 7D4 0.18 1.0
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Table 16 Sumn-trization of the restIt of growth by fusants obtained 

from th cross of' z. (,e(evisifae AM12 and 251 on molasses 

ngar containing 0 ,id 1.5% NaCI t. 40 C. 

NaCI in Number Number of fusant o-n an molasses agar 

molasses of fusluat 

agar test Growth Cood Growth 

1 day 5 days 1 day 5 days 

O% NaCl 12 0 0 0 0 

1.5% NaCl 12 0 0 0 0 



45 

Table 17 	 Summarization of the result of growth by fusants obtained 

from the cross of S. cerevisiae AMI2 and 356 on molasses 

agar containing 1.5 and 3.0 % NaCI. 

NaCI in Number Nimiler' of' fusant grow on molasses agar 

molasses of fusant 

agar test Growth Good Growth 

1 day 5 days I day 5 days 

1.5% NaCI 37 C 38 38 38 0 31
 

40 C 38 34 37 0 32
 

3.0% NaC1 	37 C 38 38 38 0 36
 

40 C 38 32 37 0 23
 



46 

Table 18 	 Ethanol fermentation by seLected fusants obtained 

from the cross of' S. cerevisiacAM12 and strain 

356 in 3% NaC1 mo iasses fermen tation medium using 

standinrg cult ivaLlion, at 40 C for days. 

Strain 	 Ethanol 

% W/V 

S.cerevisiae AM12 3.04
 

strain 356 1. 9
 

Fusant 35AM1 
 1.45
 

35AM2 1.51
 

35AM3 1.48
 

35AM4 K49
 

35AM5 1.51
 

35AM6 NT
 

35AM7 	 1.52
 

35AM8 1.46 

35AM9 1.57 

35AM10 0.78 

35AM11 1.00 

35AM12 1.17 

35AM13 1.49 

35AM14 1.50 

35AM15 1.55 

35AM16 1.62 

35AM17 1.58 

35AM18 	 1.55
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Table 18 (continue)
 

Strain 


35A119 

35AM20 

35AM21 

35A M2 2 

35AI23 

35AM2 4 

35AI25 

35AM2 6 

35AN27 

35AM28 


35AM29 


35AN30 


35AM31 


35AI32 

35AI33 


3 5AM3 4 

35AM35 


35AM36 


35AM37 


Ethanol
 

% W/V
 

1.57
 

1.49
 

1.50
 

1.60
 

1.54
 

1 .54 

1.60
 

1.55 

1.53
 

1.57
 

1.51
 

1.48
 

1.52
 

1.56
 

NT
 

1.46
 

1.48
 

1.52
 

1.51
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2.7 Protoplast fusion of 
S.cerevisiae Sc90 and S013 and
 

the selection for potent fusant.
 

(1 ) Firsthlth S. cerevislae Sc90 was fused with 

S013 and 183 fusatnts were collec tod and isolated into pure 

cultures. When they we re tested for growth on molasses agar 

without and with 1.5% sod u n cihlori de, at 10 C only 10 

'usants grtw well at 5 days of cultivation (Table 19). Then 

the i r' g rowth weI', invesLigated on 3% sodium chloride 

miolasses agar at 37 and I) C. resultThe showed in Table 20 

that 8 fusants could grow theirand growth was better
 

than their parental strains.
 

Ethanol fermentat ion by these fu3ants were 

investigated in 3% sodium chloride molasses fermentation 

medium by standing tube cult,ivation, at 40 C. No fusant 

could produce ethanol highier than or even the same amount as
 

that produced by the parental, strains (Table 21).
 

(2 ) Second [atti Another batch of fusion ;jas 

performed between ceryS. is i ae Sc90 and S013, and 2 fusants 

were obtained (Tabl e 19). Only one fusant, 7G185, grew well 

on 1.5% so0di umn_chloride mol asses agar at 40 C and its 

growth was much beter' than the parental strains (Table 22). 

This fusant wi II be further studies for growth and 

ethanol production saltedin molasses medium. 
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Table 19 	 Smunarization of the result of growth by fusants obtained 

from the -r'oss of' S. ceevisi--i Sc90 and S013 on molasses 

agar contairing 0 and 1.5% NaCI at. 10 C 

NaCI in Number Number of fiisit. grow on molasses agar 

molasses of fusant_ 

agar test Growth Good Growth 

1 day 5 	days 1 day 5 days 

0% 	NaCI
 

First batch 183 57 58 10 10
 

Second batch 2 1 1 1 1
 

1.5% NaCI.
 

First batch 183 79 88 9 10 

Second batch 2 1 1 1 1 
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Table 20 	 Growth of fusants obtained from the cross of S. cerevisiae 

Sc9O0 and S013 on 3% NaCI molasses agar. 

37 C 	 40 C 

Strain Incubation period (day) Incubation period(day)
 

1 3 5 	 1 3 5 

S. cerevisiae Sc9O 
 + + + - + + 

strain S013 + + + - + + 

fusant 6G12 +++ +++ +++ + ++ +++ 

6G21 ++ +++ +++ ++ +++ +++ 

6G22 +++ +++ +++ ++ +++ +++
 

6G24 +++ ++ +++ +++ +++ +++
 

6G31 ......
 

6G107 +++ +++ +++ +++ +++ +++
 

6G108 +++ +++ +++ ++ +++ ++
 

6G109 +++ +++ +++ +++ +++ +++
 

CG112 ......
 

6G123 ++ +++ +++ ++ +++ +++
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Table 2] Ethanol fermentation and growth by selected fusants 

obtained from the cross of S. ceeyviase Sc90 

and S013 in 3% NaCI molasses fermentation medium 

using shaking tube cultivation, at 40 C for ,4(ays. 

Strain Ethanol Growth 

% W/V OD6C0 nn 

S. cerevisine Sc9O 
 2.40 2.0
 

strain S013 
 2.2t 1.4
 

fusant 6G12 
 0.05 0.5
 

6G21 0.01 0.5
 

6G22 0.05 0.3
 

6G24 0.02 
 0.1
 

6G107 0.02 0.1
 

6G108 0.03 0.8
 

6G109 0.02 
 0.8
 

6G123 1.89 4.3
 



52 

Table 22 Growth of' f'usants obtained Crom the cross of S. cerevisiae 

Sc90 and S013 on 3%NaCI molassez agar. 

37 C 40 C 

Strain Incubation period(day) incubation pxernod(day) 

1 3 5 1 3 5 

. cerevisiae Sc90 ' + + 

strain S013  - + + + + 

fusant 7G185 ++ +++ +++ ++++ ++ 
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2.8 Protoplast fusion of S. cerevisiae Sc90 and strain
 

S037 and the selection for polent fusant.
 

Protoplast f'usion 
 which performed between S.
 

cerevisiae Sc90 and 
 strain S037 yielded only 8 fusants. 

Among these fusants no one showed good growth at 40 C on
 

1.5% sodium ch oride mulasses agar (Table 23) Therefore 

they were not be further selected. 

2.9 Protoplast fusion of S. cerevisiae Sc90 and strain 

S065 and the selection for potent fusant.
 

S. cerevisiac.- Sc90 was hybridized with S065 and 954 

fusants were obtained after Isolation into pure cultures. 

The growth of all fusants obtained on 3% sodium chloride 

molasses agar at 37 and 40 C were observed. The result 

showed that 2 fusants could not grow at both temperatures 

while 79 and 48 fesants showed little growth at 40 and 37 C,
 

respectively (Table 24) . In 
 this step the fusants that 

showed good growth at ,40 C were selected. Therefore a total 

of 873 fusants were obtained. However, before further step 

of selection some fusants died, some segregated and only
 

668 fusants remained. The growth of 
 these fusants were
 

observed 
 on 3% sodium chloride molasses agar containing
 

molasses 15% sucrose equivalent, at 37 and 40 C. From the
 

result 511 fusants grew well at 4G C (Table 25). 
 These
 

fusants were 
tested for ethanol production.
 

The result of ethanol production by 511 fusants 

showed that no fusant could produce ethanol higher than both
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Table 23 	 Summarization of the result of growth by fusants obtained
 

from the cross of S. cerevisiae Sc90 and S037 on molasses
 

agar containing 0 and 1.5% NaCi at 40 C. 

NaCl in Number Number of fusant grow on molasses agar 

molasses of fusant 

agar test Growth Good Growth 

1 day 5 days 1 day 5 days 

0% NaCl 8 	 8 8 0 0 

1.5% NaCl 8 	 8 8 0 0 
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Table 24 Growth of fusants obtained from the cross of
 

S. cerevisiae Sc90 and S065 
on 3% NaCI molasses
 

agar.
 

Number of fusant 

Growth 

At 37 C At 40 C 

Growth ++++ 82 25 

Growth +++ 822 848 

Growth ++ 35 67 

Growth + 13 12 

No growth - 2 2 

Total 954 954 
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Table 25 
 Growth of" selected fusants obtained from 
the cross
 

of S. cerevisiae Sc90 and S065 
on 3% NaCI molasses
 

agar contatining molasses 
as 15% sucrose equivalent.
 

Number of fusant
 

Growth
 

At 37 C At 40 C
 

Growth ++++ 
 0 
 0
 

Growth +++ 
 631 
 511
 

Growth ++ 
 28 
 37
 

Growth + 
 9 
 116
 

No growth-
 0 
 4
 

Total 
 668 
 668
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parental strains. Amount of ethanol produced by these 

fusants was lower than G.2% W/V. Therefore they were not be 

further tested. 

2.10 ProtopLast fusion of S. cerevisiae Sc90 and strain
 

S090 and the selection for potent fusant.
 

(1) Fi rst ha _t, S. eeree is iae Sc90 was hybridiz.ad 

with S090 and 222 fusantHs were obtained for the selection. 

Among 222 fusan ts only 26 fusan t s showed good growth on 1.5% 

sodium chloride molasses agar at. 4t0 ' (Table 26). These 25
 

fusants were invest ig{ated tNP growth on 3% sc:tium chloride 

molasses agnr at 37 and 4() C. The result was shown inl Table
 

27. From the result 12 fusants could grow on salted molasses 

medium at both temperatures and they were selected for 

further studies.
 

Ethanol production by all selected fusants were 

investigated in sodium3% chloride molasses fermentation 

medium at, 40 C using standing tube cultivation. Table 28
 

showed the result. It showed that 4 fusants,5F3, 6F41, 6F105
 

and 6F190, produced higher ethanol concentration than their
 

parental strains, Sc90 and S090, which 
produced 2.4 and 2.1%
 

W/V, respectively. While other 5 fusants, 5F2, 5F4, 6F119,
 

6F181 and 6F186, could produce ethanol higher than 2% W/V.
 

Therefore a total of 9 fusants which produced ethanol higher
 

than 2% W/V were selected and investigated for ethanol
 

production in 3% sodium chloride molasses 
 fermentation
 

medium using shaking flask cultivation at 40 C for 4 days.
 

The result showed that all fusants tested could produce
 

http:hybridiz.ad
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Table 26 	 Sunmari zation of the result of growth by fusayits obtained 

from the cross of S. cerevisiae Sc9O arid S090 on molasses 

agar containing 0 nd 1.5% NaCI at 40 C 

NaC1 in Number Nunber of fusant grow on molasses agar 

molasses of fusant
 

agar tes t. 
 Growth Good Growth 

1 day 5 days 1 day 5 daiys 

0% NaCl 

Fir-;t batch 222 42 62 10 21 

Second 1-watch 104 27 38 10 10 

1. 	5% NaCI 

First ba tch 222 76 104 9 26 

Second batch 104 48 	 1051 	 10 
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Table 27 Growth of' fusants obtained from the cross of S. cerevisiae 

Sc9O and S090 on 3 % NaCi molasses agar. 

37 C 40 C 

Strain Incubation period(day) Incubation period(day) 

1 3 5 1 3 5 

S. cerevisiae Sc9O 
 ++ ++ ++ 
 + ++ ++
 

Strain S090 + + + _ + + 

Fuswi t 5F2 + + ++ + + + 

5F3 + + ++ + + + 

5F4 ++ ++ 
 ++ + + 
 ++
 

6F32  - _
 

6F41 + + + 
 + + + 

6F89  - _ 

6F105 + 
 + ++ + + 
 +
 

6F110 ++ +++ +++ ++ ++ +++ 

6F111 ++ +++ +++ ++ ++ +++ 

6F119 ++ ++ ++ 
 + ++ ++
 

6F123 -  -

6F126  -
 -

6F131 -  - - - -

6F143 -  - - - -

6F144 - - -  - -

6F145 -  - - - -

6F146 - - 
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Table 27 (continue)
 

37 C 
 40 C
 

Strain Incubation period(day) Incubation period(day)
 

1 3 
 5 1 3 5
 

6F147 _ 
 _ 
 _
 

6F150 ......
 

6F164 
 + ++ ++ 
 + + ++
 

6F170 ......
 

6F181 
 + + + + 
 + +
 

6F186 
 + + + 
 + + +
 

6F190 
 + + + 
 + + +
 

7F110 ......
 

7F111 ......
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Table 28 Ethanol fermentation and growth by selected 

fusants obtained from the ( r()ssE of S. cerevisiae 

Sc9t0 and stra i n S090 in :3% NaCI mo lasses 

f ermentati on flte(d i uM us i ng standing tube 

cul.tivation, at 40 C for 4 days. 

Strain 
 Ethanol 
 Growth
 

% W/V OD 660 nm 

S. serevisiae Sc90 
 2.40 
 2.0
 

strain S090 
 2.10 
 2.9
 

fusant 5F2 
 2.25 
 2.4
 

5F3 
 2.61 
 2.9
 

5F4 
 2.37 
 2.4
 

6F41 
 3.46 
 2.5
 

6F105 
 1..51
157
 

6F110 
 0.05 
 0.6
 

6F111 
 0.03 
 0.9
 

6FI19 
 2.05 
 2.9
 

6F164 
 1.91 
 1.7
 

6F181 
 2.35 
 2.7
 

6F183 
 2.14 
 2.0
 

6F186 
 2.08 
 2.0
 

6F190 
 2.54 
 2.5
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ethanol higher than that, by 090 but only one produced 

the same aimot n t. of ethanol as that by Sc.90 (Table 29). 

These 9 fusants wi I I b, furthier tested. 

2) Sc(o d bttt_(h Anot-her batch of I)rotopIast 

fusion was p'rf'Iile4I b-.w S. cere.visiae S.90 and S090. 

In th i s haat (h 10.1 fs*i rnt 3 wer ohtained. Whell growth on 

on molasse,s a'ai' t'itlh,)1Ut and with 1.5% sodium (11l(,ried at 

10 C of 1t1ho . I t' I s -.,ia ''-' rivstigatel only 10 fusants 

sho Vred good) ,Lh h'l'i 26'. Also wheni L, growtLh on 3% sodium 

chloride molas.s agir by these 10 fusants wef.--re observed 

the resultL showtd that G fusriiits could grow well at 37 and 

40 C ( Tab Ie 3 0 ) .Ih 5 7 Iu sant.s were selected and Lested 

for ethanol produ,1' ion. 

The result of' ethanol production by the selected 

fusants showed that no fusant produced ethanol. higher or 

even the same amount as that by their parental strain in 

salted molasses fermentation medium, at 40 C (Table 31). 

2.11 Protoplast fusion of S. cerevisiae Sc90 and strain
 

251 and the selection for potent fusant.
 

Only 5 fusants were obtained from the cross of S. 

cerevisiae Se90 and 251. Among them only one fusant, 5H4, 

grew wel 1.on 1 .5% sodium chloride molasses agar at 37 and 

40 C (Table 32). It grew nuch better than its parental 

strains at both :37 and 40 C (Table 33). 

Ethanol production by fusant 5H4 was determined. 

The result showed that it produced almost the same amout of
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Table 29 
 Ethanol fermentation 
and growth by selected
 

fusants obtained from the cross of S. cerevisiae 

Sc90 and strain S090 in 3% NaCI molasses 

fermentat ion medium using shaking flask 

cultivation, at 40 C for 3 days. 

Strain 
 Ethanol 
 Groith
 

% W/V OD660 nm
 

S. cerevisiae Sc90 
 3.83 
 5.1
 

strain S090 
 3.47 
 11.2
 

5F2 
 3.64 
 13.1
 

5F3 
 3.69 12.7
 

5F4 
 3.69 
 12.8
 

6F41 
 3.77 6.9
 

6F105 
 3.55 
 10.8
 

6F119 
 3.70 
 13.0
 

6F181 
 3.72 
 6.6
 

6F183 
 3.78 
 7.4
 

6F186 
 3.83 
 5.9
 

6F190 
 3.79 
 5.8
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Table 30 Growth of fusants obtained from the cross oS. cerevisiae 

S0O S090 on 3% NaCI molasses agar.
 

37 C 40 C 

Strain Incubation period(day) Incubation period(day)
 

1 3 5 1 3 5 

S. cerevisiae Sc9O  - + - - + 

strain S090 ++ ++ + + ++ ++
 

frsan t 7F2,18 ++ 
 ++ ++ ++ +++ +++ 

7F288 + ++ +++ ++ +++ +++ 

7F289 + ++ ++ ++ +++ +++ 

7F296 + ++ ++ ++ 
 +++ +++ 

7F291 + ++ 
 ++ ++ +++ +++ 

7F292 ++ +++ +++ ++ +++ +++ 

7IF293 ++ +++ +++ ++ ++ ++ 

7F294 ++ +++ +++ ++ ++ +++ 

71,295 ++ +++ +++ ++ ++ ++ 

7F296 ++ +++ +++++ ++ ++
 



65 

Table 31 Ethanol fermentation and growth by selected fusants 

obtained f'trwm the cross of' S. (,e rev i_,i,Jae S(!90 and 

stain S090 in 3% NaCI molasses Fermentation med i uM 

using shaking flask cul tiva t ion at 40 C For 3 days. 

Strain 
 Ethanol 
 Growth 

% W/V OD660 nm
 

S. cerevisiae Sc90 
 2.71 
 3.1
 

strain S090 4.89 7. 1 
fusant 7F248 
 0.25 
 0.9
 

7F288 
 0.22 
 0.7
 

7F289 
 0.14 
 0.6
 

7F290 
 0.14 
 1.1
 

7F291 
 0.17 
 1.0
 

7F292 
 0.12 
 1.0
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Table 32 Summarization of the result of growth by fusaits obtained 

from the cross of' S. ce-revici-ae S-90 and 25! on molasses 

agar cont~uing 0 wid I.5%NaCi at 40 C. 

NaCI in Number Numbetr of fusant grow on lmo lasses agar 

molasses of fusant
 

agar test Growch __ Good Growth 

1 day 5 days 1 day 5 days 

0% NaCl 5 2 2 0 0 

1.5% NaCl 5 2 2 1 1
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Table 33 Growth of fusants 
obtained from the cross ofS. cerevisiae 

Sc90 and 251 on 3% NaCI molasses agar. 

37 C 40 C
 

Strain 
 Incubation period(day) Incubation teriod(day)
 

1 3 5 1 3 5 

S. serevisiae Sr90 + 
 + + 
 + + +
 

strain 251 + + + + + 
 +
 

fusant 5H4 ++ ++ ++ 
 ++ ++ ++
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ethanol concentration as 
the parental strain,Sc90 and higher
 

than another parental strain 251 in 
 3% sodium chloride
 

molasses fermentation medium usii g stand ing 
tube cultivation 

at 40 C (Table 34). When shaking flask ,ultivation was used 

for ethanol prlodunct ion this frusan t pr'oduced1 lower ethanol 

concentration than both par-ent strains (Table 35). 

As mnnsi oned preuviusl y that. each of'i gh ethanol 

producing strain is internted to hybridizec using protoplast 
fusion technique with each of halotolerant strain. Therefore 

totally 24 crosses will be carried out. At this stage II 

crosses were successul ly completed (Table 36 ).
 

3. Investigation of growth of 
the selected yeast strains on
 
YPD agar containing various concentrations of sodium chloride
 

Growth of 
 high ethanol producing strains cf S.
 
cerevisiae Sc9O, AM12 
 and N30, were investiged on YPD
 

agar containing various concentrations of sodium chloride 

3.0-17.0% at 
30 C. Growth of these 
3 high ethanol producing
 

strains 
 were reduced when cultivation 
medium contaied 7%
 

sodium chloride (Table 37). 
Only little growth was observed 

at 10% sodium chloride. No growth of these 3 high ethanol 

producing strains was observed on II at 2 days of 

cultivation but little growth of AM12 and Sc9O 
were obtained
 

at 5 days of cultivation. On YPD agar containing 
 12% Sodium
 

chloride and higher growth by 
these high ethanol producing
 

strains were completely inhibited.
 

Growth of strain S013 and S037 
were reduced when
 
concentration of sodium chloride in 
the medium was increased
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Table 34 
 Ethanol fermentation 
and growth by selected
 

fusants obtained fr'om the cross of' S. cerevisiae 

Sc9O and strain 251 in 3% NaCi molasses 

f e rmen tat ion medium us i ng standing tube 

cuitivat~on at 40 C for 4 days.
 

Strain 
 Ethanol 
 Growth
 

% W/V OD660 rim
 

S. cerevisiae Sc9O 
 2.40 
 2.0
 

strain 251 
 1.58 
 5.06
 

fusant 5114 
 2.46 
 5.8
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Table 35 Ethanol fermentation 
 and growth by selected 

fusants obtained from the cross of S. cerevisiae
 

Sc90 and strain 251 in 3% NaCI molasses 

fermentation medium using shaking flask cultivation 

at 40 C for 3 days. 

Strain 
 Ethanol Growth
 

% W/V OD 660 nm
 

S. cerevisiae Sc9O 
 3.83 
 5.05
 

strain 251 
 2.21 
 15.8
 

fusant 5H4 
 1.85 
 13.6
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Table 36 Summarization of' successful protoplast fusion 

between high ethanol producing strains and 

halotolerant strains.
 

No. fusant
 

No. cross 
 No. fusant produce ethanol
 

obtain more than 

parent*
 

1 AM12 x S013 95 
 0
 

2 AM12 x S037 
 3 2
 

3 AM12 x S065 
 594 
 0
 

4 AM12 x S090 
 35 0
 

5 AM12 x 251 
 12 
 0
 

6 ANI2 x S356 
 38 0
 

7 Sc90 x S0 13(lst batch) 183 0
 

Sc90 x S013(2nd batch) 
 2 NYT**
 

8 Sc9O x S037 8 
 0
 

9 Sc90 x S065 
 954 
 0
 

10 Sc9O x S090(lst batch) 222 
 4
 

Sc90 x S090(2nd batch) 104 
 0
 

11 Sc90 251
x 5 1 

Total 2,255 
 7
 

* In standing cultivation, at 40 C
 

** •Not Yet Test
 



Table 37 	 Growth of selected high ethano! producing strains 

of S. cerevisiae on YPD agar containing various 

concentration of sodium chloride at 40 C. 

NaCi Growth of' S. cerevisiae 

concentration 

(%) AMi2 Sc90 M30 

(days) (days) (days)__ 

2 5 2 5 2 5 

3 +4 +4 +4 +4 +4 +4 

4 +4 +4 +4 +4 +4 +4
 

5 +4 +4 +4 +4 +4 +4
 

6 +4 +4 +4 
 +4 +4 +4
 

7 +3 +3 +3 +3 
 +3 +3
 

8 +3 +3 +3 +3 
 +3 +3
 

9 +2 +2 +2 +2 
 +2 +2
 

10 +1 +1 +1 
 +1 +1 +1
 

11 
 - +1 - +1 - -

12 
 - - -

13  _
 

14 
 - _ 

15 -	 _ 

16 
 -	 _ 

17 
 -	 _ 
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to 10% and no growth was observed when concentation of 

sodium chloride was 13% . Strain S065 and 3090 showed 

reduction in growth when concentration of sodium chloride 

was increased to 7% and no growth was observed at 13% sodium 

chloride also. While growth of 251 was reduced at 7% sodium 

chloride and compl.et ely inhibited was observed at 15% (Table 

38).
 

Strain 126, 130, 
356 and 370 showed strong growth
 

on medium containg 3-15% sodium chloride. While only little 

reduction on growth was obtained at 16 and 17% sodium 

chloride concentration (Table 39). 

4. Chromosome separation
 

Chromosomes of all selected high ethanol producing 

strain, S. cerevislae Sc9O, AM12 and M30, and selected 

halotolerant strains, S013, S037, S065, S090, 251, 126, 130, 

356 and 370 were separl'fated by orthogonal, field al teration 

el.eetrophoresis (OFAGE) and resul, tsthe wer'e shown in Figure 

10. The result.ts indip'ted that S. cerevisia SM_90, AM12 arid 

M30 had the same pat, tern o( chromosomes when observed on gel 

obtained by OF'AGE. The pattern of chromosomes of Sc9O, AM12 

and M30 seemed to be same as the typical pattern of S. 

cerevisiae. Also, 
S090 a selected halotolerant strain seemed 

to have same pattern of chromosomes as S. jerevisiae. Strain
 

S013,S037, S065 
and 251 
had same pattern of chromosomes. The 

s,;7ain 126, 130, 356 and 370 which were selected at the same 

concentration of sodium chloride 17%, showed very similar 

pattern of chromosome to each other. 

http:result.ts
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Table 38 Growth of halotolerant strains selecte at 5% NaCI on YPD agar 

containing various concentration of sodium chloride at 40 C. 

NaCI Growth of S. cerevisiae 

concentration
 

(%) S013 S037 S065 S090 251 

(days) (days) AdaYSL (days) (days) 

2 5 2 5 2 5 2 5 2 5 

3 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4
 

4 +4 +4 +4 
 +4 +4 +4 +4 +4 +4 +4
 

5 +4 +4 +4 
 +4 +4 +4 +4 +4 +4 +4
 

6 +4 +4 +4 
 +4 +4 +4 +4 +4 +4 +4
 
7 +4 +4 +4 +4 +3 +3 +3 +3
+3 +3 

8 +4 +4 +4 +4 +3 +3 +3 +3 +3 +3 

9 +4 +4 +4 +4 +3 +3 +3 +3 +3 +3 

10 +2 +2 +2+2 +2 +2 +2 +2
+2 +2
 

11 +2 +2 +2+2 +2 +2 +2 +2 +2 +2 

12 +1 +1 +1+1 +1 +1 +1 +1+1 +1 

13 -  - - - - - +1 +1 

14  - - -
 +1 +1 

15 -  - - .- -

16 
 - - -. -.. 


17  - - -
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Table 39 Grtowth of halotolerant strains selected at 17% NaCI on YPD agar
 

containing various concentration of sodium chloride at 40 C. 

NaCI Growth of S. cerevisiae 

concentration. 

(%) 126 130 356 
 370
 
(days) (days) 

2 5 2 5 2 5 2 5 

3 +4 +4 +4 +4 +4 +4 +4 +4
 

4 +4 +4 +4 +4 +4 +4
+4 +4
 

5 
 +4 +4 +4 +4 +4 +4 +4 +4
 

6 +4 +4 +4 +4 +4 +4
+4 +4 


7 +4 +4 +4 +4 +4 +4 +4 +4
 

8 +4 +4 +4 +1 +4 +4 +4 +4
 

9 +4 +4 +4 +4 +4 +4 +4 +4 

10 +4 +4 +4 +4+4 +4 +4 +4 

11 +4 +4 -r4 +4 +4 +4 +4 +4 

12 +4 +1 +4 +4 +4 +4 +4 +4 
13 +4 +4 +4 +4 +4 +4 +4 +4 

14 +4 +4 +4 +4 +4 +4 +4 +4 

15 +4 +4 +4 +4 +4 +4 +4 +4
 

16 +3 +3 +3 +3 +3 +3 +3 +3
 

17 +3 +3 +3 +3 +3 +3 +3 +3
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S "t---- t-
C n0 ~0 0 0 to 

oq to C)000 

0-0 (0 (0 D m) 0 
CY) Cn 0 'N t)o )~ 

Figure 10 
OFAUF of chromosomes 
of the selected
 

parental strains.
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5. DNA preparation
 

The DNA of selected high ethanol producing strains, 
Sc90, AM12 and M30, and selected halotobrant strains, S013, 

S037, S(65, S090, 251 , 126 , 130, 356 and 370 were prepared 

and investigated by mini-gel elentrophoresis. The result was 

shown,1 in F.igure 11. 

6. Lithium transformation of plasmid BT131 into high ethanol
 

producing strains
 

These experiments were carried out because Dr. Hick 
and Dr. Savitree had been di.scussed and summarized that if 
we can not obtain good hybrid by protop las t fusion technique 

another -ay to oh a ir the strain wh i ch can produce high 
ethanol cncentrat]un in high salinity Imolas Ss mash is gene 

cloning. Thpefore durirg Dr. Say itree's visit to Dr. Hicks' 

Iaboratorry we t ried( to prepare DNA of' a selected
 

halotolerart strain and make gen. 
 ibrary. Buit the period 
was too short so that w4e were no,)t able.e to cCnstruct gene 

library of halotolerant strain. Also during Dr. Savitree's 

visit lie tried to establish transformation system for 

our strains. Dr. Hicks obtaind plasmid BT131 from a 
laboratory in University of Cali fornia, Davis. This plasmid 

can be used for yeast transformati on and carr-y sulfometuron 

methyl (SM) resistance gone. We pl anned to use this plasmid 

as vector for carrying halotolerant gene obtained from 

selected halotolerant 
 strain into selected high ethanol
 

producing strain. Therefore we investigated that whether the 

plasmid BT131 could be transformed into our high ethanol 
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/J, 

Figure 11 	Gel electrophoresis of DNA of' the
 

selected parental strains.
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producing strains or not. Si nce this plasmid carry SM 
re si stance gone therefore we want t.o use SM si stance gene 

as a mariker gene . At. f'i i'st growth by hi ghsel ec:ted ethanol 

produc: i nig strain weer'es ubsw 'vedl on miriimal medi un 
containing SI (yeast nitrogr base W/O nmino acid 0.67%, 

glucose 2%.SM 0.3% anid agar 1.5%). Tb, r'esul t clearly showed 

that Sc( o,'u d not grow ,n thi. s me]iumu whil e, AN12 and M30 

cou]ld gr(ow Howe ver-,. tiit growth by AM12 and M130 were lower 

than normal re.istant strain (F igure 12). 

Lithium transfor'mat ions of p Lasinid BTI1 31 into 3 
defferent high ethanol producing strains, O90,AM12 and M30
 
were carreid 
 out and the results we' summari zed i n Table 

40. Segregat ion was Jet. e mi nelt by t'ansi'e ,in g ,ol-onies
 
anpear-ed on selective medium 
 to l) agar aftLer colonies 

appeared on 
YPD agar thev wore rp] i"atcd onto selective 

mediui again. if cell Parried plasniid 1T'I1:31 obtained by
 
transf or'mation 
 wh en. i t was etu] t. i vat.,ed on YPI) agar dur ing 

growth of cell plasmnid mighlt. lose freom th,, ccl therefore 

that cell was not. WeoI to,griw on s i cective medium anymore. 

Stable colony was colon"the ehil h still appeared on 

selec ive medium af't erv culti, vatior on r ich medium, VPD agar, 

and 1m'ansfe red onto lhe se]eclive medium. 
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0/9 A k. 12-

Figure 12 	 Growth of the selected high ethanol 

producing strains on medium containg 

sulfometuron methyl, at 30 C. 



Table 40 Transformation of plasmid BT131 
into high ethanol producing strains.
 

No. of colonies on 
 Segregation 
 Frequency of
 
Strain 
 selective meiumi per plate) 

transformation 
without plasmid wi th plasmid without plasmid 
with plasmid
 

S. cerevisiae Sc90 
 63 6/6 stable 6/6 stable low
 

S. cerevisiae A12 
 ii 
 151 
 6/6 stable 6/12 stable high
 

S. cerevisiae M30 
 2 
 288 
 3/3 stable 15/18 stable high
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Conclusion
 

The works had been performcd 
in the last 12 months
 
(August, 1987 August,
to 1988) could be summarized as
 

follows:
 

1. Two auxohrophic mutants of strain 126 I
and 

mutant of strain 356 
w:re obtained when NTG was
I00 mg/ml 

astcd for 20 minutes. However,no auxotrophic mutant of strain
 
130 Lnd was
370 able to be isolated even mutagenesis was 

repeated many times. 

Respiratory deficient mutants of 
S. cerevisiae M30
 
were reconstructed since all mutants obtained in the last
 

reporting period produced very 
 low ethanol concentration. 

The selections of a]l mutants obtained to be used 
for protoplast fusion were carried out. At this stage 

auxotrophic mutants of 
 halotolerant 
strains selected at 
5% sodium chlor-ide, S013, S037, S065, S090 and 251, 
 were 
S013-A63, S037-A73, S065-A25 
 and S065-A44, S090-Al and
 
251-A17, re.spectively. 
 The auxotrophic mutant of strain 356, 
a halotole-ant 
strain selected at 
 17% sodium chloride, was
 

356-Al.
 

The selection of respiratory deficient 
mutants of
 

high ethanol producing strains yielded M30-RD11 
and M30-


RD108 for S. cerevisiae M30. 
 While AM12-RD67 
and Sc90-RD1
 
were 
selected for S. cerevisiae AM12 and Sc9O, 
respectively.
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2. 
 At this stage 11 crosses between high ethanol
 
producing 
 and halotolerant 
 strains were 
 successfully
 

completed by protoplast fusion 
technique. 
The crosses and
 
number 
of fusants obtained 
from each cross were as follows: 

1) S. cerevllsiae AM12 x S013 95 fusants
 

2) S. cerevisiae AM12 
x S037 : 
 3 fusants
 

3) S. cerevlsiae AM12 
x S065 : 594 fusants
 

4) S. cerevisiae AM12 
x S090 
 35 fusants
 

5) S. cerevisiae AMI2 
x 251 
 12 fusants
 

6) S. cerevisiae AM12 
x 356 38
: fusants 

7) S. cerevisiae Sc90 x S013 : 185 fusants 

8) S. cerevisiae Sc90 x S037 : 
 8 fusants
 

9) S. cerevishae Sc90 
x S065 : 954 fusants
 

10) S. cerevisiae Sc90 
x S090 : 
 326 fusants
 

11) S. cerevisiae Sc90 Y 
 251 
 5 fusants
 

The results of selections 
of potent fusants could
 
be summarized that 
among 11 crosses 
which were successfully
 

completed only the 
cross of S. cerevisice 
AM12 and S037 

yielded twc fusants, B3 and B4, which could produce ethanol 
higher than their parental strains in 3% sodium chloride 

molasses fermentation medium. Also fusants9 obtained from 
the cross of' S. cerevisiae Sc90 and 
S090 could produce
 
ethanol higher than 
one parental strain, S090 
and same as
 
another, Sc90. While 
 the other 9 crosses did not yield any
 

potent fusant.
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3. The growth of all selected yeast strains 
to be
 
used as parental strains for hybridization were investigated 
on YPD agar containing various concentrations of sodium 
chloride, 1.0-17.0% at 30 C. The result showed that growth 
of all selected high ethanol producing strains were reduced 
when cultivated on 7% NaC]-YPD agar. Growth o I S. cc reviisiae 
M30 and Sc9O were completely inhibited by 11% NaCI while 
12% was the complete y inhibiting concentration for S. 

cerevisiae AMI2. 

Growth of S013 and S037, the halotolerant strains
 
selected 
 at 5% NaC1 was reduced when cultivated on 10% NaC1-

YPD agar while 
 7% NaCI coutd reduce growth of s-train S065,
 
S090 and 251. Completely 
 inhibiting concent'.a- ion of sodium 
chloride for the growth of strain S013, S037, S065 and S090
 

was 13% 
 and uf strain 251 was 15%. 

Growth of 4 halotolerant strains selected at 17%
 
sodium chloride, 126, 130, 356 and 
 310 were very strong on
 
YPD agar containing 3-15% sodium chor de at 30 
 C. Their
 
growth was reduced when sodium chloride in the medium was
 

increased to 16 and 17% 
NaCI. 

4. Chromosomes of all selected yeasts were 
separated by OFAGE. The result could be concluded that 
pattern of chromosomes on gel of the selected strains was 
similar to each other in the same group but different from 
the other groups. The pattern of chromosomes on gel of S. 
cerevisiae M30, A?1l2 and Sc90 were the same as that of 
normal S. cerevisiae.
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5. The result of 
lithium transformation 
of plasmid
 
BT131 
into selected high ethanol producing strains indicated 
that plasmid BT131 could be transformod into our seLected 
high ethanol producing 3trains, S. qerKVi-iae M30, AM12 and 
Sc9O. The minimal medium ,'ntainiog sul fometuron methyl 

could be used as selective medium for transformant. 
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Work plan for the next period
 

Work plan for the next 
period is scheduled as
 

follows :
 

1. Continue construction of selective marker by
 
mutagenesis 
for the remaining strains which 
could not be
 

constructed so 
far.
 

2. Continue hybridization of the 
halotolerant yeast with
 
high ethanol producing yeast by protoplast fusion technique.
 
A total of 13 crosses is planned 
to be carried, out.
 

3. Ethanol fermention 
of the selected fusants 
obtained
 

in this reporting period will be carried out.
 

4. Selection for the potent fusants from the fusants 
going to be obtained in 
the next, period.
 

5. Study on parameters of ethanol fermentation of 
selected hybrid fusant at 
laboratory scale.
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