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A4 He Aoz BuEd Qth? 22y, Rog-
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1. ZymomonasHiZ?2l MIZ2ty 3 4S8y Y

1.1 A#ey 44

Z ymomonasH - 19283 Linderdl] <J3f w4
A9 43, AgaveF HEY, PulqueFdA &
At FHdME A I9F, o Alejogt
2 We & FolA dA=y, oAty e
Q, Belde wad AFTFE, E FA=E EA
e Aoz g8A Uy

ZymomonasAl¢& ¥718 2 ¥4 AFLEA

T EARE ASE £ doH, dFE 2714
2ZAd A Glucose—yeast extract s)A4fA Glu-
coseE oehed X dAAZ F Aok
Zymomonase 8713 ZZA9A Entner-Doudor-
off A28 E&t9 Glucosett FructoseE &g
3} CO,2 Bdsin, E3t dJF-E Sucrosed ©4
Qo8 o83 4 glom, ol SucroseZEE
levan sucrased] 9}3 levang A tE &
Aoz e =8 U4t Raffinoset} Sorbitol &
o] &34t )& Raffinose, Sorbitol, Lactose,
Maltose, Cellobiose, Q&+, AMAEE o] 4314

8.

AroBME A0, oHAIEE o83 X
3, RFEY, e-otvlx=d, FEHE Fgz ol §
7hs3lt). o]l9dlE BRE #FEL Pantotheate}
Bioting 87319, AdE wolls A&4x 2 &
A go] AapeALt>

ZymomonasA ¢ HA A{LEE 25~31T
olm, Z.mobilis ATCC 10988¢] 7% 33C ol4
oA Growth yield7} Z48t8), 37C o4l
= A%E 9200 &8, A7Hsd pHe 35
~7501, v WY& Jehle Aoz 43
1= A

Z ymomonas A& th7] 200g/ ¢ o} Glucoses
ZolA ogE Fart s, £ 59 By
T= 400g/ ¢ A= 74531} Z ymomonas Al
2 2%9] NaCle] EAstollA= A8 F&3A &
3, 1%9 NaCle] EAsllrxs #e #F9
1%7t A& 7hedol wet 2gEe] g o
oj 9 qiztslch, £ degd] dsjAlE 55/ 4 9
g EAFME BT AFo] 7Fe3tH 100g/
(9] &g EANE £ 279 4793
7} A& 7bsd Aoz BuHo] QY

4719 2L AAE& AU ZymomonasHl -
Bergey’s Manual(8th Edn.)"9}xE& Sucrose?
o]& X wa}l Z. mobilis®} Z. anaerobiaE #
2590}, Swingss} 1 FESL554Y Zymom-
ongs®] B FFE| tal Phenotype, DNA ¢
71 24, 944 27), 944-DNA a#4, Pro-
tein electropherogram & Al¥3lgeH, ol
ulglo @ Swings®} De Ley"= ZymomonasE 3}
U] &, g}l 29 Z.mobilis2 2o} Subsp.2
3o} 27172 ER3tgct

Z .mobilis subsp. mobilis

Lectotype strain : ATCC 10988 =
NCIB 8938 =
NRRL B-806
DSM 424
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Phenotypic centrotype strain :
ATCC 29191=NCIB 11199
Z .mobtlis subsp. pomaceae
Lectotype strain : ATCC 29192=
NCIB 11200
ol A& Zymomonas7t FHH ttF & A7
F83] A=A FAEA T FHHo HA}
7] gEoz 2Axn k. T3 Swingss}t De
Ley" = Zymomonast RT3 of§- LA

dehydrog
NAD*

NADP*
Levan ATP

gluconate-
glucose ¥ glucose- ——b

6-phosphate

Sucrose 6-phosphate  |é-lactone
ATP
fructose- glyceraldehyde-
fructose 6-phosphate 3-phosphate
«—— pj
——— NADH*
fructose- glyceric acid-
1,6- 1,3-diphosphate
diphosphate

~—— ATP

glyceric acid-

3-phosphate

E3), Gluconobacter 9} mj$- fAFSte] ZEO] A%

24 233 Ao FHsta Aok

1.2 B4t

Z ymomonasH| T #|BAZEA GlucoseE E-
mbden-Meyerhof-Parnas 22 (EMP Z )9 ¢
8t Pyruvic acid2 E&|3h#] @3 oloke o &
Entner-Doudoroff 428 %£3ld Glucosed Py-
ruvic acid2 Eajgc 219 1]9.

gluconate

ATP

2-keto, 3-deoxy-

— gluconate- —p gluconate-6-

6-phosphate phosphate

NADH
pyruvate = CH>CHQ ~———=—p CH,CH,0H

ATP<—-—I

phospho--
enalpyruvate

glyceric acid-
2-phosphate

[ 28 1] Mechanism of carbohydrate catabolism in Zymomonas strains. (Entner-Doudoroff path-

way)

o] AZ& Pseudomonas saccharophilao| A &
wA" Ao 2M, Zymomonas, Azotobacter, E. coli
5.0 adLFE MR, Arthrobacter, Cellulom-
onas 59 AFFAFIME Ruxo} Utk o] 3
2|4 Glucoses} Phosphoenolpyruvate® #
x| ggom, E§ Fructose—6-phosphate 23 -E
Fructose-1, 6-diphosphate® A3AJ&t= Phosph-
ofructokinase7} glol EMP 27} #5381 ¥+
t}. thAl Hexokinased] 9]8 Glucose-6-phosph-

atex 6-phosph—gluconolactoneg A% 6-pho-
sphogluconate2 AHF =M, o]AL Pyruvated}
Glyceraldehyde-3-phosphate2 &s&¥ % EMP
7428 o] Pyruvate2 Ht} AFH Pyruvate
£ Pyruvate decarboxylased] 2]3] Acetaldehy-
dez ©ERAED  Acetaldehyde® Entner-Dou-
droff A& ZdlM BAY NADHE o}§, Alco
hol dehydrogenased]] &ja} ojgt&= H&HTh
ATP AAZe EMP A2+ lmoled] Glu
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cose ZHE 2moleo] ATPE A/43}x|5t Entner-
Doudoroff 2= 1molex}tol AAE Ao}
Zymomonas?} ARHTE FAFo] AA PAHH.
T3 Zymomonaso| = TCA3 27} B¢Ad)|
3o 371402 wgsiz ATPY AAHFS &
quUAY #AFS: vUE F/HEAYL 2.3y
Acetaldehyde7t Z4s]o] B&& AFsic Ao
d2A At gk dEo) RAES FAY B¢
Z ymomonas”} &M% Glucose25¢ Awwc #
A7t AA BAH o & EE £&& YERY
= Aoz ¢8A k. o|A& Gibbs F&
1Glucose —1.93ethanol 4-1.8C0O,+0.053lactate

(1)

o2 @8 vk JEEYdz FAEZH &
71E3} njgke] Acetaldehyde, Acetylmethylcar-
binol, %4}, Glycerol, 17 ¥ g&o] FAHE A
o2 Bago) g, ¢ -

1.3 dgg a9 3

oj & Z ymomonas(Z . mobilis )&= o & HE
Aojd = F7ha) ARAES A FYoEME
710 7€ uis} o] oighge &0 Fo
o, ARRT Jgg LEAL£E0} macts AHojy.
dg7tA AHEL (E 1)d vehd vio} gt

Advantages of Zymomonas process for ethano! production

faster than yeasts)

drate metabolism

ported values for yeasts are 30—40gl~'h™')

1. Considerably faster specific rates of sugar uptake and ethanol production(rates of 3—4 times
2. Higher ethanol yields and lower biomass yields compared to yeasts due to different carbohy-
3. Higher productivities(120-200g 17'h™") in continuous processes with cell recycle(Maximum re-

4. Simpler growth conditions. Z ymomonas grow anaerobically and do not require the controlled
addition of oxygen to maintain viability at high cell concentrations

5. Ethanol tolerance is comparable if not better than yeasts. Concentrations of 85g 17'(11%v/v)
can be sustained in continuous culture and up to 127gl~!(16%v/v) in batch culture

6. Studies with strains of Z . mobilis over a period of several years have revealed no significant con-
tamination or bacteriophage infection problems

7. The wide range of in vitro and in vitro techniques developed for the genetic manipulation of bac-
teria can be applied to the important problem of broadening the range of substrates utilized by
Z .mobilis to include starch and cellulosic raw materials

oz Rogersg& * ¥ Z. mobilis(ZM],
ATCC 10988)9} & & Saccharomyces uvarum
ATCC 26602¢te] &g 23 & viwdly [2¥
2]9k (#2)o veRiSIT

(29219} (E2)oNe} o] Z. modilis7}h S.
warumB0 FMFE AL W, w3 &5, o
BE RaLE, dEE FERYM BF 5 Ao
2 Y} U,
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ZYMOMONAS MOBILIS
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[28 2] Comparative kinetics for Z. mobilis ZMI and S. warum on 250gl~'glucose media

(¥ 2) Comparative kinetic parameters for Z mobiis(ZMI) and S. warum in batch culture (250g1™"

glucose media, pH=5.0, T=30C)

Kinetic parameters Z . mobilis S. uwvarum S. uvarum
(non-aerated) (non—aerated) (aerobic)
Specific growth rate, x 0.133 0.055 0.12
Specific ethanol productivity. q, 2.53 0.87 0.61
Specific glucose uptake rate, g, 5.45 2.08 1.47
Cell yield, Y., 0.019 0.033 0.045
Ethanol yield, Y, 0.472 0.438 0.395
Ethanol yield,(% of theoretical) 92.5 85.9 775

a3y o|d@ Z. mobilisd] 9§ JEE LA
Al qgrix] AR g0l EAY FHBEH=E A
7} B2 Yok ARZE 7. mobilis= RFEAZ
Qe Fo] ££7} Glucose$} Fructose, Sucrosed|
A o] tie Ho|th'® ERE Z. mobilisT 2
%2} NaCl EAslollre A8 A& T+ glon,
m2bA o9} 2 ¥e WHAGE thFe] 7]
A4 gHedhs HPdy wEV AREY "olZ
th. g U FALEE FHA7]Y] Y3

A g9AEE siof g ARz 1Fxd Glu-
cose(12~13% Ax) EA3A et Hg &
=7t AsEcks Holw, WA= Sucrose2F-H
Fructosed] A<l Levang #As}AY, 24t
o] HS%o] BAEo odgt&e] WS #aA
o Hojth, gt 489 HFH2wmrt 30CTHE
02 38~42TColM B&o] FA8] As}siH, 48
T, 158719 gxelzx WEL] 6% o)3t2 A
gste] doff iZtetde gHE Qg b P
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o]al olf& Z. mobilise E9Mo)AHe] 2 DN-
A AZF 71e5E o83 77 AF At A
Fa7 A& o] gt

2. §oigio| X2lof 28t Zymomonashldel &%

2.1 #F9 Mgt
Swings¢t De Ley's 159 HEAA &g
YA, e WA, 2559 JolAe A%, Had

%, 23N 52 aast o 4039 Z. mobilis
2 vwd v u}. £33 RogersT¥& Z. mobilis
1228 vzsged(E 3), 2% ZMI(ATCC
10988) 7 ZM4(CP4)7} #& lasy|7tet W
g HasEE et R 4). §3] ZM4s
oferg Aol Eo} 60g/ ¢ o ATEAME A%
o] 7b53, 30T olde LM A% 3 9
g Pato] 7Hsslgh(E 5)9

(®3) Strains of Zymomonas used for strain selection studies
Strain Source

Z . mobilis ZMI(ATCC 10988) Fermenting Agave juice
Agll Fermenting Agave juice
3TH Delft Fermenting Arenga sap
ZM6(ATCC 29191) Fermenting Elaeis sap
ZM4(CP4) Fermenting sugarcane juice
B70 Infected British ale
ZAbi Beer
Zal0 Beer

Z .mobilis subsp. ATCC 29192 Sick cider

pomaceae 238 Cider

S30. A Apple pulp
530. 2 Cider

(& 4) Ethanol production by Z. mobils strains growing on 200gi~* glucose or sucrose in test

tubes
Strain Ethanol production from :
200 gl™' glucose 200gl~'sucrose
Rate(gl™th™!) Final conc.(gl™!) | Rate(gl™*h™") Final cone.(gl™)
ZM1 1.43 60 1.22 56
ZM4 2.00 81 1.21 56
M6 1.25 77 0.80 51
Agll 140 55 1.00 39
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(H 5) Final ethanol concentrations produced by Z. mobilis strains from 200gI~' glucose in test

tubes at different temperatures

) Final ethanol concentration(gl™")

Strain . ., .

30C 37C 42

ZM1 60 40 0

ZM4 81 52 30

ZM6 77 0

Agll 55 0
2.2 deE WA EQMo|FY M Ae MEA A3EM o B oeEd A4
Rogers3> & w& ]“‘% YAE AYe 7455 o, A degd dHME WAHdeE Ade
A7l fl3te] ZM4oll 0] {E ¥ NTGE x-] ZM481g JATH(E 6). AA A& LEA ZiF
23t dghgel o & WAE AYs ZM48E Hup 5% 85g/ 0 o dgg F&E UYL B

dolon, o] 24 Azlsteq gk 7 Fxo SLEHATH

{E 6) Final ethanol concentrations of strain ZM4 and ethanol tolerant mutants growing on

300gl~! glucose medium

) Final ethanol Time taken to reach
Strain
conc.(gl™) max. ethanol conc.(h)
ZM4 93 108
ZM444 98 110
7ZM48 101 101
ZM485 108 110
ZMA488 112 132
ZM481 110 84
34 oighs A4S epli gl

EQHolF A
Rogers3> & A&uYA ZAE 3537 93}
o Cross-flow membrane& A3l FholL}
AR Zhria ol o3 H3lng Agststy)d) u)
24839 g dAsH. wetA ojRg A
5t ZM4o) EAWo) fEded NTGE A=)

o 2 $3H #F ZIM401& Fe38i. of o
Fe= e 92 9 18Je) emme HH9
Flocg 34 }‘31, w2 oA 50g/ ¢ -he)

24 &% LH/H ,] A
LEE @A I, AF 2%, B3, $E 78
1A o AeE el A o Fas
RogersT”& 42TdA o= A= &= WA

ol
=

e Mg Hol= ZMeo] Eedo] H2A A
2% sol BAMeIFE gou) WA BEY 3

7hl 1388 BuEd.
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3. REBYH J|ol <8t Zymomonas Mo
8]F

Z.mobilis?] 714 & @¥L #EA ol Glu-
cose$} Fructose, Sucrosed] 4o ok A
ojty. ol¢ HE FE3| Y3 Be TR
€0l Z.mobilis®] ¥l e B A= 3o
m, 53] §AF8F 7yl o HEAHA T
27HA] JEE 2%

3.1 Lactose, galactosed] &

D-galactoses} D-glucose’t g-1, 4 Zd
Lactose= #39] 45% & X3z AozM da
£ &g At AN FEWR Qi

H3EE NRY FRWA TS Lactose permease
F5A J8 FE ¥ B-galactosidased] 93

* Peu
Hinell gearl’ ™"

HeaRU frincti
> Hinell

Hindll
a

(Belil/
Pralls, 4 Bam H1 }

Hindil}

(Bt 11/
»
Ham M)

Glucoses} Galactose® #8is]o] EMP 7#=z29}
Galactose~-1-phosphateE &3l A28 5§
A= Z . mobilisl M+ Lactose?} o] &5 ¥
=

Tonomurad'¥& Z. mobilis ATCC 10988¢f
AEzFe] Plasmid 3%, &, pZMl, pZM2,
pZM3o] EA3= A& LAY o, o] Plasmid
of A3 Markerg Hoi3l7] 9ls}a] pZM2s}
pIM3& 24z} thate] e pACYC 1849) ¥
AZY Plasmid pZA3l, pZA32, pZA33 ¥
PZA22& e, pZA32E %483l pZA323
& s 29 3). E3] pZA22% 6.7kbz
oA & BAFE AYr] qEd dgad Z.
mobilis7te] HE HEZA o]g¥ + glon, of
el YRfANE B Z. mobilisd] E¢J3H=
Aol 7Fsdtckal Hastglc.s * 7

[28 3] The shuttle vecters for Zymomonas and E. coli

B : derived from pZM3,

[ ] derived from pACYC184,

derived from pZM2,
—  derived from pBR322
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1 % YanaseS®e tAF §39 Lactose
Ui fAA lacg pZA329) AZFAN F, o
A3 Z. mobilisd] EY3F oY Z. mobiliso| M
= W] Lac promotery}t 2-8-8}x)%¢} f-ga-
lactosidase7} thaatoll vlg] 9%utol WA &
ket mekx] o)L thHde] B-galactosidases]
FZHFAAE FH8 Promoter 444 WE pMC
1403 ¢ pZA329] AZ¥ sl Plasmid pZL1& +
Ao 2 4). Z. mobilis g¥4A DNAY

EcoRl

(7.9 kb)

1
BamKI-Sall
digestion

—
BasH[-Sall
digestion

ligation

BomHIAD 9HE pZL19 BamHI 9o A=
A F, (B 7)) 2 AZY PlasmidE& +
Aatgom YAF 2 Z. mobilis| o] AL v
&Yk, 1 A pZL57} Z.mobiliso) A 5864u/
mg $MAY FFog EA @d=HoH, Glu
coseZHE &EE MUY £ A% 1y o]
AZF Plasmidg AYe #5= FLd gx9o
24 Lactose® #§-8te HAamAd M= Aes)
A Zstglt.

BamHl

pMC1403
(9.9 kb)

Sall

WindIp BesMl (Pramoter—cloning site)

[38l 4] Construction of a Promoter—loning Vector. pZL 1.
lac genes Z and Y code for S—galatosidase and galactoside permease, respectively. lac Z indicates that
the lactose operon lacks the promoter region and the first eight codons of the N-terminal end of the #

-galactosidase gene.
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(B 7) Expression of the 3-Galactosidase Gene on fac Z, Y in E. cof MC 1061 and Z. mobilis CP4

E. coli and Z. mobilis were grown in L-broth and RM medium, respectively, at 30°C for 24hr.
The cells were treated with a one-twentieth volume of toluene for 15 to 30 sec prior to the S—galacto-
sidase assay. The f-galactosidase activity was determined in a reaction mixture containing toluenized
cells(about 154g of protein), 0.5mg of ONPG, 100zmol of sodium phosphate buffer(pH 7.5), 100mol
of 2-mercaptoethanol and 1¢mol of MgSO,+7H;0 in a final volume of 1.0ml. The reaction was carried
out at 28 C for 10 min, and stopped with 1.0ml of 0.1MNa,CO;. The increase in absorbance at 420nm
was measured. One unit(U) of f-galactosidase was taken as the amount of the enzyme which liberat-
ed 1nmol of o-nitrophenol per min. The size of DNA fragments was determined by agarose gel electro-
phoresis using % phage DNA digested with HindIll as a standard.

Size(kb) of B-Galactosidase(U/mg protein)
Plasmid Z .mobilis DNA ) . . - B/A°
. inE.coli(A) in Z . mobilis (B)
inserted
None - 2 2 -
pZl1 - 2 2 —
pZL2 1.6 1944 449 0.2
pZL3 6.0 145 140 1.0
pZL4 1.6 1574 385 0.2
pZL5 10.9 305 5864 19
pZL6 24 994 578 0.6
pZL7 24 1004 823 0.8
E.coli K 12°
(—IPTG) 70
(+IPTG) 4440

« B/A, Ratio of 8-galactosidase activity in Z. mobilis to that in E. coli
® A Lac* strain of E.coli K 12 was grown with or without ImM IPTG.

o]Ad & o]E-& LactoseZF-H [-galactosid-
ased] oJ3] WAH Galactose7} #F9 A{E A
= Aow FZ3Yoen, Ei Galactoses
Z.mobilis®] A ¥t EAsh= E5d 249 9
# Galactonic acid2 A8}5o] 4= AL #

st gEtA o] Glucosedld A%E T
A& o] 83t LactoseE 70% sk &L
10% &4 dA2RE deges YNHPYSS B
&g [ 2y 5] @
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plasmid free pli2 plL5 L pZlL7
6 - - =
A
5 b - - N
~~
S 4} - L i A
A
A
° 7
H 3 pF o a -/A - /
P =4
& 2
I ! / I L
A A
= - - -y
' o / 7
ey A A 1 1 L 1 11 1 1 s | 1 1
024 8 16 024 8 16 024 8 16 024 8 16

Cultivation (d)

[2& 5] Ethanol production from whey by Z. mobilis CP4 carrying a Lac* recombinant plasmid.

The cultural conditions were the same as in Fig. 2. Cells(2.4mg of wet weight/ml) were suspended in

RM medium containing 10% whey powder(lactose concentration, approximately 7%) instead of glu-

cose, and incubated at 30°C, Ethanol( A ).

3.2 Cellulose, Cellobiose2] @&

A8 B-1, 4glucang] Cellulosex= A& M ¥
Hol 38 ARozA, 7Mg FHA EAE &
7] 33k, HEY & FFE F v AR
Agel7|= 3t

Misawa 52 Cellulomonas uda CB4¢] Cel-
lulose #8]&4 Cellulase(endo—S—glucanase, C-
MCase) 9] §44 1.8kb Pst IDNA ©#ds} oz
7 We pUC9Z +AE Plasmid pCM44 2 ¥ g
Reading frameo] &ul274 #igs pCH46 Plas-

mid& gYch. o)A Z. mobilise] #E] pZA22
Plasmido] Z.mobilis §A1%] DNA®] A} A4
o] ¥¥3d 743 Promoterz FAIE Ud #E
pZA26& AZ{ste] Plasmid pZACM26& 74
o[ 17 6], o] A& Helper plasmid pRK
2013& o]&3ld Z. mobilis NRRL B3-140239]
Ay At fARE FdAFY. 28y o] &
A MR vigddzoz Hu|xlo] Cellobiose
o] ol BA7} Al Aoz HuHrh

EcoRl PvulP!
& BamH]
\-'\17|bp
Hind [l [~ Sma}
CMCase
Hiad i1l 1.7kb | Nhel
FPvull
Pstl
CSall
pZACM26 Bamhi
8. 1kb

[a& 6] Construction of hybrid plasmid pZACM26. In pZACM26, the CMCase gene is inserted

with a proper reading frame.



50

®3F xEhA2] Brestic#} Goachet™ & Erwinia
chrysanthemi-& Cellulase cendo-8-1, 4-glucan-
ase) 9] #AAE A#e pUCI8d F=243ty
Plasmid pMH13& ¢& %, o] pMH13¢] 457}
249 pMHI4ZRE cl1 3% d¥E, RSF
10109} EA /MAAE AUe F57FYY94 Plas-

Pyit

pGSS33

13-4kb

Restriction
Hind11} + Bamiil

Ligation

mid pGSS33e] Z2dske] pNBAE FAEAL
B[ 2§ 7], ©]AL Helper plasmid RP4E o]&,
Z. mobilis ATCC 109880] E4stel et
=8 £F02 7. .mobilisoA] HHAHLE B3}

Aoh[ 19 8]

Restriction
HindI!] + Belil

(28 7]

Construction of plasmid pNB20.

The stippled lines represent Er. chrysanthemi DNA ; the arrows indicate the direction of tran-
scription of the celZ gene. Sites for restriction endonucleases are : Acc/(Ac), BemHI(B), Bg/11(Bg),
EcoR 1 (E), Hindl (H), Pst 1(P), Pvul(Pv1), Prull (PvII)
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[38 8] Growth and kinetics of endoglucanase production by Z. mobilis ZMI-3(pNB20).

Cells were grown at 30°C on a complex medium containing 10g fructose 1™' as carbon source
and 100ug chloramphenicol ml~". (a) Total specific activity expressed as units(mg cellular protein)™
(A). (b) Growth(ODsw)(Q), and total activity([]), cellular activity(4) and extracellular activity

(@) of endoglucanase. The kinetics were done three times and mean values are given for each param-

eter.
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[a& 9] Ethanol production from 2% melibiose by Z. mobilis Z6C carrying both pZER193 and

pZY1.

Z . mobilis Z6C carrying both pZER193 and pZY1 was cultured at 30°C for 24h in RM medium
supplemented with 100xg/ml of Cm and 30ug/ml of Tc. Harvested cells(2.0mg of wet weight/ml)
were suspended in RM medium containing 2% melibiose instead of glucose, and incubated at 30C.
Symbols : [], melibiose : ll, galactose ;. @, ethanol.
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[a& 10] Growth and ethanol production from
lose(C).

12% glucose(A). 12% lactose(B). and 8% xy-

Symbols : —, ethanol : —— — —, cell mass : O, strain ATCC 11303(pL01297) : A, strain

ATCC 15224(pL01297).
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(# 8) Average Kinetic parameters for ethanol production by ATCC 11303(pLO1297) and

ATCC 15224(pL0O1297)

Productivity ) Efficiency®
Sugar(%) - — Yield® Ethanol®
Volumetric® Specifice (%)
Glucose(12) 14 2.1 0.48 95 58
Lactose(12) 1.3 2.0 0.43 80 52
Xylose(8) 0.6 1.3 0.52 102 42

® Grams of ethanol per gram of sugar.

b Calculated as : (ethanol produced/theoretical maximum from sugar substrate) x 100

¢ Final ethanol concentration in grams per liter.

¢ Grams of ethanol per liter per hour

¢ Grams of ethanol per g of cell dry weight per hour.
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