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ABSTRACT

The production of extracellular mannitol by an efficient mannitol-producing bacterium, Lactobacillus
sp. KY-107 was studied in shake flask culture using the modified MRS medium. Maximum mannitol
production was obtained with fructose as the sole carbon source. Within 95 hours of incubation, a final
concentration of 70g/L of mannitol from 100g/L fructose was obtained with an indicated yield of 86%
based on fructose consumed. However, higher concentrations of fructose could not effectively be trans-
formed to mannitol due to a lack of osmotolerance. The strain produced no other polyols such as glycer-
ol and sorbitol as by-products. Yeast extract was best nitrogen source and high levels of inorganic
phosphate up to 10g/L did not show any detrimental effect for mannitol formation. Manganese ion
played important role in both cell growth and mannitol production. The optimum culture temperature

and initial pH were 35°C and 6-8, respectively.
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T7F A Foll Ath(5-6). VA mannitole) A=
F4& fructose, fructose®} glucosed] EgHgH,
Ex sucrose® UEZ 3eiAidql & Yarsin
dedl, el & AZFTAHL sorbitol B4
T2 YAt o]f Eel3ly) 9% Wre AT
o] 9T B ojua} $go] e 9AL g3 9o
53, F2 AF Tt JU4E oA o]4Hx 9
cHl= 732, $A4Yol 98] Y4kEE= mannitol
Folle & E AHEE Cu B Pt 59 32
Lo njEk FiEo] g7 YR, HEFH 7t
AzFA A7l dAdsl dad god4). 42
A FAel 9s] mannitold AZs}Es rye
19803 ol o]z w24 Alztso], x| gB
o] #v|2E ZF4) (Sumitomo Heavy Industries,
Ltd.) 3} o}Ax2E (Ajinomoto Co.)7} 7}2F &t
A AFE 35 Ao g daA glouk(s, 7),
T 7t olo] digt A7t A ARG AR
ot}

ol Eel 93 mannitole] YPAAZE Al4E
€ AU ojAEY] F5F wet 42 dade
AHde] okl 9l ®, 7 u|AE Y HE A
TAAZE AF7A AgstA FH= QA 9o
Fungiol 2|3 mannitol®) YA Ao ZTEHoZ
FIHA AR &dE Ao oA 9uh(8-11).
A%, NADH =+ NADPH Za|5}l9)4] mannitol
dehydrogenase (EC 1.1.1.67)¢ 93} fructose®
2|4 &3 (direct dehydrogenation)A)# A4
e A$olm, FHA AZE mannitol-1-phos
phate dehydrogenase (EC 1.1.1.17)o] <& HT
# 2l mannitol-1-phosphate® A% & mannitol
1-phosphatase (EC 3.1.3.22)¢] 28] mannitole]
A= Zold

2 Ao AHAEo] Mg vz 34g9
mannitol YitFF < Lactobacillus sp. KY-107¢
-85t (12) mannitol®] HLBA7|ES Ayt
7l 13 7]2AF24 mannitol Y4k HAzAL
AEshoint.
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Lactobacillus sp. KY-107 #3& glucoseE A
9§ MRSwHlA] (proteose peptone 10g, beef ex-
tract 10g, yeast extract 5g, ammonium citrate
2g, sodium acetate 5g, magnesium sulfate 0.5¢,
manganese sulfate 0.25 g, dipotassium phos-
phate 2g, tween 80 1.0mL/L £&4%) ¢ A%
=9 g29& TPl 100mL wjxE 250mL =
gagel] ¥y aubigr)E olgsle wrAYS
Tk wAEY 44 600 nmold FRE
(Cecil Instruments, §Z)& 24s}o] Bas}sict.
5% o] 9lE &, MRSH|A|e) 100 g/L fruc-
tosed HASt Al WA E FEAE 213
of 30Cell4 200 rpmo & wjoks}oich.

249

A ¢ mannitol& Ae¥kslr] $)s}e] Eppendorf
tubedl] wjokel 1mLE sl 5000xgel|4] 20%
7 AT ¥ A5de HPLCE 2Astqlc
mannitol % AFFF EME Aminex HPX-
42C (300 7.8mm, Bio-rad, USA) =t HPX-
87C (250 x4mm)#A#e] A28l HPLC (Varian,
USA)E AH8-3ted Asfatgich. %7)= refractive
index detector (RI-4, Varian, USA)& At&3}4
2, o]gAeE x4 (18 megachm - cm)E A}
€ (0.6mL/min)slglon e 2x: 85CE ¢
A8 Fgjc}. TLCEAHL aluminium sheet (Kiesel-
gel 60 F254, MeI‘Ck)’g'"“ ‘]E. 10/1].4% %i—}“]ﬁ
methyl ethyl ketone-acetic acid-water (9:1:1 v
/v) &4 o4 HANXDZE silver nitrated o] &
atof WA A AT (13).

A3 4 %

EthRlo| Ag

HEHl HAFQl  Lactobacillus$3t  Leucono
stocd U] ¥EE°] mannitol& YAsts whyge 2
AFel glucoseE electron donorZ 4 o]&3}o]
2M9] fructosed 7]A R heterofermentation (glu-
cose+2 fructose—2 mannitol+acetic acid+lac-
tic acid+C0,)& 83 A} 257 )5,
6). 947]4 electron donorZ4] AM&-El:= glucose=
¥ mannitol Ao 2A Bofa}z|gl, e
PlAES] Aol o]4EHT SHe Aoz oA 9
ot mebA] mannitolg x| Ml byl o 2 A Ake}y)
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Table 1. Effect of various carbon sources on
mannitol production by Lactobaallus

sp. KY-107".
Carbon sources Mannitol Growth®
(100g/L) concentration{g/L)

Glucose 0 ++
Fructose 73 +++
Galactose 0 -
Maltose 0 +
Sucrose 38 ++
Sorbitol 0 +
Mannitol - ++
Glycerol 0 -
Xylitol 0 -

a) Fermentation was carried out at 30°C for 80 hours.
b) (+++4) Very good, (++) Good, (+) Little, (-)
No growth.
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Fig. 1. Effect of carbon sources on mannitol
production by Lactobadllus sp. KY-107:
(@) 50g/L fructose, (O) 25g/L glucose
plus 25g/L fructose, ((J) 50g/L sucrose.

YA E AHE Bhaglo] rdzAojolo} 51, B
A% QAR mannitold] A tE-Eo] o8
sj= 7o) wpEAF ol & dATo|A A&
Lactobacillus sp. KY-107 752 7%, Table 14|
A BojF= ule} 3Fo] fructose 2 sucrosed A9
e AES g 3FEo] ghaeR A3 o]
457 & F Aol mannitole] AAEAE WL,
glucose$} maltose} 7%, Bt o 2 o o] 45
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oo}, mannitol& A3 AAEA %¥gkch. manni-
tole TP FAETFHE d¥ yeaste] A+ lipd
FANE R AP &3, YF bacteriadl
Ao cell wall FAXRELR, = d¥ fungid] 7
oA F2RA (structural) = AFYGRH
(storage polysaccharides) 29| 7]5& A
AT A de (1), 2 gl 3¢
252 APAEE W o o], 53 "
Q9 254 wet YA4HE FEERY FotHE
7o) 714 587 SAelch

Lactobacillus sp. KY-1072} 73$ mannitol A4t
o] 7} E3AQl fructosed sraYo 2 wioksty
& o, Ti 30A17elA oF 55% ¢ AEES viEl
Wit (Fig. 1). o] A1AelA fructoses #4438
25913 o]F AA4¥ mannitolo] ThHA] BLaYeE
ol457] Aztateich. ¥4 sucrosed| ¥, WA
9017 ol A oF 38% 9 +&& Bt} Sucrosed
7|AZ o4& A% glucoser} TEAIR 20417HF
B2 mannitolo] HAE7] AAsgedl, AL
sucrose phosphorylaseel] ]3| sucrose7} &3 o]
fructose7} vfokel ol $-21% & mannitol dehy-
drogenase7} induction =& Azle A7t BEU
Ao 2 245} Glucose’t mannitol® A A
A= 9¥gtor}, electron donor® 2H-4-3fo] fruc-
tose7} mannitol2 AEF{HE wkgellA HHETES
272 4 esbE 2EE7] Y8l glucosest
fructose 247+ 25 g/LE& etA o2 AH43le A
g Az}, £ 68% 24 fructosents AR 73
2o ws) g0l 13% Z7tsisich @ehd A%
mannitol AT A% FAlsAl glucose=
fructose7} mannitol2 AF == k8o A electron
donorZ zH-5l&= 72 & 4 th(5).

Fructose T2 Y%

Mannitol Aol 717 &3Aql 7]A 4 fructose
£ 50-250g/L9} FEHHAZ 747 At MES
sa% A3, Fig. 29 2A7olx RoFE nig 2
o] 50, 100g/L) 7% &) 8041 L&A
0% $Zo2 79 Fdsigont, I o4 =
el (180, 250g/L) AAE &0 ¥ Holgith.
wjebA]  Lactobacillus sp. KY-107 FF &%
mannitol AAkel 9] A fructose FE= 100 g/
L olgch e AAZAAA 71 $83 A
9 e 1EEFE vPEe] Ay 7AE o8

2= olojol &= 7Qld], 0|8 FA A Lactobacillus
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Fig 2. Effect of initial concentrations of fruc-
tose on mannito! production by Lactoba-
ailus sp. KY-107:(A) 50g/L, (B) 100g/L,
(C) 180g/L, (D) 250g/L; (@) mannitol,

(O) residual fructose.

sp. KY-107& &4 AUz glE manmnitol 4 &
Arto 2% ox At ulE@ulgt %02 manni-
tole AAE 5 Aoy, 359 e Ea4
WAFH4 (osmotolerance) & Z74A)7 7% B}
ERH o2 mannitold YA 5 e Ao B}
L=

AR A

Y tEe] GAEH YAl Fag 9%
< A dAke a9, 9y Ee] o)gsts
L9 FF/o gt AZAAZI) 234 g 4
e FAER 79 o] AL A9} Q)
t}(14, 15). Table 29 ZAzol 4 RFE AT,
HEAQ] 10559 A2 Fol4 yeast extractS
AR 73 mannitol QAdsko] 74 EA) ehygt
1, ureas AH-3H 297} mannitol AASo] 7pRF
A debtedt 2 o)) Aade] gaMe
mannitol Ao Z x}o]E Ho|z| oksir}, w3t
A" 2E A4 4ol tited mannitol o] 9] et
T2 ANFA oL 722 Hol BE mannitol 4
AEFoe 2] Aado] AFAAR nxs o
T Qe Ao B 4 9ok
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Table 2. Effect of various nitrogen sources on
mannito]l production by Lactobacilus

sp. KY-107°.

Nitrogen sources(10g/L) concerll\fraartlinc:;OI(g/L)”
(NH 504 321
NH.WNO; 250
NH H PO, 342
Urea 219
NaNO; 28.1
NHLI 325
KNOs 217
Asparagine . 343
Glycine 31.1
Yeast Extract 544

a) Fermentation was carried out at 30C for 63 hours.

Table 3. Effect of inorganic phosphate on man-
nitol production by Laciobadillus sp.

KY-107.°
Dipotassium Cell growth Mannitol
phosphate(g/L) (Ago) concentration(g/L)
1 0657 227
2 0625 234
5 0610 240
10 0610 266

a) Fermentation was carried out at 30°C for 20 hours.

Phosphate sE2| H&t

23 yeastd #H$, Fo}siA HArts phosphate
© BLER AAE A= Baus) glz(1s,
17}, F7]<lAkede] NAD == NADP-linked Abz}
#4384 A (oxidoreductase) o) 4| 223 AL o
3% Zo 2 Fbso], waw)x] S0 phosphate &
EE 47 1-10g/L #r7lste] 2 938k sy
th. Table 39 Ao Y APET Woyd)4
phosphate 5%7} %7}1€4% mannitol $57} 2
7htE, vlEY Ao 2 oddfe] gl Ao

ey},

50|29 e

Mannitol dehydrogenase ¥hg-oj|4] 40|29
FEE AR 2 A A g Haly), B o
Toll A AR FFo] AS dajrla] FHoleEL
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Table 4. Effect of various mineral sources on
mannitol production by Lactobacllus

sp. KY-107".
Mineral Cell growth Mannitol
sources(2mM) (Aan) concentration(g/L)"

No mineral 232 437
Mg 252 46.7
Mn 265 526
Mg+Mn" 281 527
Zn 23 36.4
Cu No growth 0

Co 234 42.1
K 243 447
Fe 235 456
Ni 237 424

a) Fermentation was carried out at 30°C for 75 hours.
b) 1 mM MgSOs * 7HO plus ImM MnSOq * SHLO.

Table 5. Effect of temperature on mannitol pro-
duction by Lactobacillus sp. KY-107".

o Mannitol
Temperature('C)  Cell growth(Aq) concentration(g/L)"
20 2.55 30.2
25 264 376
30 2.70 444
35 2.70 47.2

a) Fermentation was carried out for 72 hours.

#A71eted o] AE 4327 mannitol WA B]H=
#e naAslnat shoick. Table 404 RojF= wp
¢} 7to] standard mediumel MRS¥j#] o] Z3
go] gl Mgt Mng FAlel #H71gh 79 Mn
ohe W71 4SS wms 2 A, uAE AR
E oleg EAl 7k A4l o 5oyt
mannitol JAeFE T4 235 Jehiddct. ot
% Mg ©}&2 mannitol 44%H-8-¢ F9§3t= man-
nitol dehydrogenase®] &Ajel d3k& v|7A] &
Aoz Wria 4 9lx, Mno| ¥ J¥E& 92
s 7oz Adsch. &1 Cud #H7HE wix|o|
e n|ggo] A AAsHA efskem 2 o9
FEo)leE e FLoleg A A ¥ ¢
o} wlas) & o, v}y & A4} mannitol BT

Aol Solgh A%E e ol
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Table 6. Effect of initial pH on mannitol pro-
duction by Lactobacillus sp. KY-107".

Initial pH Final pH Cell growth Man.nitol
(Aw) concentration(g/L)
4.00 368 2.10 146
5.00 3.88 255 275
6.00 3.76 2.70 445
7.00 373 2.79 509
8.00 3.76 269 519
9.00 6.40 0.45 trace

a) Fermentation was carried out at 30°C for 72 hours.

YR TS| FE

Mamnitol 34¢ 918 HAuFLz s ZAA7]
o8] 20~35C9 LEHHelA MFAEE £
2 A5 ARAAUNA FLE} FE5E B
E 423 mannitolAde] FAld f-2l3ts 3L (Table
5), o]7A& Lactobacillus% v AE df¥-Ee] 35C
Axe] eEEdan Aol HEE Bas U
s A3tolrt(18).

27| pHel S

Mannitol 2 AAHEl= Lactobacillus®s 9| MESS
heterofermentationg 4~38}7] W&ol FAEE
lactic acid £ acetic acid & AAsl=d], |5
DS wokee] pHE 3A 5o FA =
i o) 73} v &2 Ao} mannitol el B))
L odge dids] 2 Aoz dArEsI wEbA 2
7] pHE MZ o2 ZAdA wjkste] 2 9%FS
AN o2 pAstuA 8kgdch(Table 6). pH 99
A%2 A &jstd 2E pHAGAA sl EAR ] 7
o} B3 A7%E Jeliglz, 73AF LEvt
2% A" A9 pHrl 37HEE Ao FAse
U mannitol A3 27] pH 6-89l4 71 =3k
t}. w}4 mannitol dehydrogenase®] HA#A
pHx pH 6-8 MFal Ao R Heks|ly HEZXE o
£3te] wjok3 pHE # A& & 7% mannitol A
Aee 277 = g AR o4Ec.

PR
Lactobacillus sp. KY-107% |43} fructose

2 2 mannitold ¥|ZA TFEEE AAsEITH
AEE o277 w29 Fol| A sucrose9} fructose
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uko] mannitol P4 71AE |45 100g/L
fructose® 7}1AE A}4% A$ mannitol FAHA 0]
71 Fotow oju) &2 oF 70% ol 27
eBado] 72td 7%, AAR mannitolo] thA] 7]
A 0|4y, 180-250g/L o4 ¥ % 7|A
T $go] 50% o3t FEoE Wgkont,
BE AZAA 2 FLERE FAEE AN
&2 9kotch. Mannitol Aol =X 7] W
okolAEE AEF A, ALYoE yeast extract
b A S$eakgda, Tl 10 g/Less ¥
I yrrt BE54E FEEigden S50l
Mne] mannitol a4 713 Fag IFE @2
sl Ao vehytoh Wk dF 22 BCAF
|4, 27} pHE 6-8 ¢ ell4] mannitol FAdzFo]
FHof et

Z A

o] =2& 199595 Wy sedTaAdnl (4
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