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Effect of Organic Acids Derived from Black Liquor on Growth of
Selected Escherichia coli MG 1655'

Joon-Kwan Moon® + Byung-Hwan Um*'
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Adsta gof fof §71a &AL ZEAL B giho] AR o] Al Al FFE WS AR uE f71
\gg %71“ Z3to 94% gt el mAe GRS B4 feiA daiA o ohekRt Rk s =
e WSty 714 23 iR oA 9 E. coli MG 1665 HiSF A Aol o5}
1 0 g/E A 1.2 g/, ZFA 0.8 g/h 5601]*1% T°r Aol 3R] o2 theatd} FARRE A4S Helo,
A 1.5 g/0, BAL 2.0 g/f, EEAF 1.2 g/ oS EFsl= w2 ZANAL E coli MG 16652] A7fo] 73a1A] <A
=3 %j_ SkGATh o]} HEo] f74HEY] =3 HHXIOﬂHL 3Z9 f71A 5 Al 7Y T3 848 AETE
& 4= UTh Aoz o Y ofgH|eAE GYAR o8ty 2 WA &S ¥7] HsiAe 5o W 23
F71ARl 24%, Ak, E=EA0] 22 24 1.0 g/e, 1.2 g/0, 0.8 g/ o|st= & o] EAsk= R7Iat A7 Wi
s EE A7 FRoAE AAQ A4S 2 /I WA 25 ide] a7t 4= Qo

ABSTRACT

In this study, we selected an Escherichia coli strain (E. coli MG 1655) metabolizing arabinose derived from acid hy-
drolyzed black liquor as a carbon source and investigated effect of organic acids (acetic acid, formic acid, and lactic
acid) presented in black liquor on growth of the E. coli MG 1655. We measured growth of E. coli MG 1655 under
various concentration of each and combined three kinds of organic acids. The E. coli MG 1655 shows tolerance to ace-
tic acid, lactic acid and formic acid at these concentrations (1.0 g/¢ acetic acid, 1.2 g/¢ lactic acid and 0.8 g/¢ formic
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acid, respectively), but displays some growth retardation over 1.5 g/¢ acetic acid, lactic acid 2.0 g/¢, and formic acid

1.2 g/, respectively. In addition, formic acid was shown to be a critical factor affecting growth of the E. coli MG

1655 in the presence of three kinds of organic acids. These results indicate that the inhibitors should be removed at
least 1.0 g/¢ of acetic acid, 1.2 g/¢ of lactic acid, 0.8 g/{ of formic acid for normal cell growth required for high
yield fermentation. In addition, there is a need to construct recombinant strains that may be resistant to the same or

higher organic acids concentration (> 1.2 g/¢) in the growth.

Keywords : black liquor, fermentation, inhibitor, E. coli MG 1655, organic acid
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Fig. 1. Simplified block flow diagram (BFD). The
process flow of a black liquor biorefinery in a pulp
mill plant producing wood pulp, alcohol, new chem-
icals, and electricity. The C5 fermentation step is the
focus of this study.
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1986, Agbogbo?} Wenger 2006). S}X|QF, L-arabi-
nose®] 79 P. stipitis AA X2 HALE S = Q17|
ufjFof L-olg}r]i=2y(L-arabinose)S ©]-83F ofeh&
AIAES. B7155FcH(Nigam 2002). WEHO| Escherichia
coli MG 1655= L-ojghuiAs 7|42 o] gs}o]
ke AR 4 g RS AR oR 2
3 9lof Lofehulie g o] 83 ok Alato] 75
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Table 1. Major composition of acid hydrolyzed black
liquor used for fermentation.

Components Concentration (g/0)
Glucose 1.62
Xylose 0.30

Arabinose 5.60

Formic acid 4.10

Lactic acid 10.40

Acetic acid 6.38

- Secondary acid hydrolysis condition: 121C, pH = 1, and t = 60 min.

Bl gt Sojolct Wiy AU 9
96% FALS AR Blol pH = 12 AHT F, 12
1C oA 608 59t T HalE saskach. Tt
3 & Bl | £4& HPLCE o]8sto] AAsisic)
(Table 1). E3F AAH & = UG 5|4 27
Z217)(OKLA® FV 06-ML, Were GmbH & Co KG,

Germany)E B3] % & UEFS smsigc

2.2. @%F A HiX|
olefuliis o]gF ogg WA wR=L

Escherichia coli MG 16555 ARE-SIATE. Sl
(seed culture)2 Luria-Bertani (NaCl 10 g/¢, tryptone
10 g/0, yeast extract 5 g/{) HjX|E ARE3}HOH,
37C, 200 rpm 7oA ZIuiF7IoA 16417t &
ok HiFsEATE
2.3. oY =A

HFE M9 (M9 salt 20 /¢, MgSO; 02 g0,
CaCl, 0.01 g/¢, arabinose 20 g/0) HjA|E 250 m{
AERRAAo] BRE B 150 me 2 3ko] 7.5 %(v/v)
£ Aot A-g71E ARESke] 37T, 200 rpm
27102 AAsta 3047 FF ¥RSAIF T ES
Mgl ZF 1314 ZFste] EFFE=AE AR5
0.D. (optical density)E =%3}ith
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Table 2. The average concentration of inhibitors (organic acids) in cocktail

Level of mixing two acids
in cocktail (g/¢)

Level of mixing three acids
in cocktail (g/¢)

AA + LA LA+ FA AA + ‘FA LA + AA +FA
0.5 + 0.6 0.6 + 04 05+ 04 06 + 0.5+ 04
(CcT 1) (CT 4) (CT 7) (CT 10)

1.0 +1.2 12 + 0.8 1.0 + 0.8 12 + 1.0 + 0.6
(CT 2) (CT 5) (CT 8) (CT 11)
1.5+ 1.8 1.8 +1.2 1.5+ 12 1.8 + 1.5 + 09
(CT 3) (CT 6) (CT 9) (CT 12)

* Acetic acid, ® Lactic acid, ¢ Formic acid, and ¢ Cocktail
2.4. E coiMG 1655 2§ Xoff s =H

27 FhR | Fo) o EAfsks $714KEA,
L2, 29T FAHO] B Wek A Moo
Hoksto] WA Az 24 10, LS,
2.0, 2.5, 3.0 g/t =2 7l o, ZEARS 04, 0.8,
1.2, 1.6, 2.0 g/0 9] =2 Hrlslic)h AR 1.2,
2, 4, 8 /0] HER H7IshoTh. AA Fol ol
9 3744 skl FAlo] EFEo] 9l7] ujEo]

ol50] AT MAHl ek selsir] gia) 2zl
Aol de sEUr 2aE WAE Azste] 49
2 Sashodek(Table 2).

25. BHAY, & A2 oS £
tHXOP‘_ A‘—)];g—_‘% _é.x 6]_7] T]o]_oq uHokouoﬂ/\-] 1 mQQJ
ME AHstel YA AHstel 0D, (optical
density)E =33} on, vz AL _45} e 2
2381517]) 9J5ke] 600 nmollA FATHS =A5Hc
O.D. ko] 0.8& Hol7h= Bfol= 44% iR K3
o, 0.2~0.8 Ato|o] ZFe =43}k OD. g+ 1% 8
x 10° cel/m@ @ 2t} A4 ofehe 9 A ofahu]

20 FRE 457 Qo] w1 miE
AF kAL vjeFlS HE|2 AAZE & HPLC #4]7]

718 Fo) By

2.6. INSUNIZ0IED D] EA
(High Performance Liquid Chro—
matography, HPLC)

HPLC= YL9100 series (F&7]7], A7]%= QFFA])
£ o|&slgon, AHL Bio-RadAKHercules, CA,
USA)2] Aminex HPX-87H column (300 x 7.8 mm)
o Apgsllt. AW eEE c0Tol, oEA
(mobile phase)©. 2= 5 mM9] sulfuric acidE AR
stom 42 B9 05 mez Agshach

= = =
31, TEEH N5 2N
B APAE Sug BEge Soje wago

2 F3HA717] 9l 96% kS ARRE Sto] pH =
12 43 F, 121004 60 59 sl
PYstoick 4R F HPLCE olg3ke] 39
24& EAsI e, Table 104 Hi= 23} o]
LAFOR oMl (560 g/l), X}°‘§/\(O3 g
0) ® SFIA(1.62 g/0)7F FAE AL ofef H=o
Gt 2= ZEXKH4.10 g/0), 7‘4/\]'(10 40 g/0), ¥
24K6.38 g/0)o] ZE] 5S AT 4= At
B Az FulE =@z o) Jole] Fag
go] ofetH| AR BQlE o] o5 ALY = Q=
o+ AR 2 [Aalstgct
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Fig. 2. The selection of E. coli strain capable of me-
tabolizing arabinose among E. coli MG 1655, E. coli
K12, E. coli DH5a, and E. coli TOP10 using M9
minimal media containing arabinose as a sole carbon
source.

3.2. OfZH|=A EErF MF

ofebliess AL FRsat FEE AEsts] 9l
45 & #5(E. coli MG 1655 (ATCC 700926),
K12 (KCTC 22006), DH5¢ (invitrogen, USA), TOP10
(invitrogen, USA))E HoFdtol M9 ujx]oj|A] arabi-
noseE Y ©AYOE ARgSto] WH AEE Ay

Fach ZF E coli®] genotype[araD139 A (ara leu)
769712 &2lst A3} TOP109] arabinose A}
7hs et 2 Al7(araD139)8k17] wiizoll thAR}
B/ Aoz AgAE Atk http:// www.lifetech-
nologies.com). YHZ| 52 A7} 7 Aolet
3L ARSI o E coli MG 16557} §-A35HA of=)
Mg daelel AHE & e SRlshdr
(Fig. 2). E3} E. coli DH5¢ = 5= AAo] BgoLt
E coli MG 1655 thu] Aleha] S AJ7F 352417
of o] AAEE Bilow, YA g+t #59
e wEEA T wEbd, & Aol = A

o olghu|=AE AV 4= E coli MG 1655

4
FFE Agstel B9 W EgE 4714
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ok

o

10
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E & &
= o
§ 0.1 A i
5 - PP R e
0.01
o 5 10 15 20 25 30
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Fig. 3. Growth of E. coli MG 1655 in the presence
of acetic acid. The M9 minimal media contains 0,
1.0, 1.5, 2.0, 2.5, and 3.0 g/¢ of acetic acid (AA),
respectively.
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Mol s=

B
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Aol ofml kg wH=x PSS 2% obehy]
wA7b 3t Moujle] 0 /o, 1.0 g/, 1.5 g/e,
2.0 g0, 2.5 g/ L 3.0 0] ZAto] H7}E uj|o|
A A7Pd E. coli MG 1655 442 #HaH3lath. Fig.
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ato] A7LEA Fe YEE Ao GARE A §
P2 wyrk AT 1.5 o] 24 BE shofAt
it oie] 50% HES] FHE(ODu)ikS Bck
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Fig. 4. Growth of E. coli MG 1655 in the presence
of formic acid. The M9 minimal media contains 0,
1.0, 1.5, 2.0, 2.5, and 3.0 g/¢ of formic acid (FA),
respectively.
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26% $EOR PAaES IR 4= AUk ZEAF
1.6 g/t 2.0 g/o7t EA8= H$ E

16559] g7Fo]l dojubA] oh-& Shelskqlrt. o] 23t
An2RE Hx {f SHS

A7) fleliAlE 714 & 2BAY FEE 3
0.8 g/¢ o]3t&E FAAA A|ZElo]of 5 12 g/
¢ Awo] xZFAbo] 2T He A

7|1Ak9] Escherichia coli MG 1655 AJA o] n|x]&= A3 gAY
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0.0, 600nm [Log Scale)
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Fig. 5. Growth of E. coli MG 1655 in the presence
of lactic acid. The M9 minimal media contains 0,
1.0, 1.5, 2.0, 2.5, and 3.0 g/¢ of lactic acid (LA),
respectively.
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Fig. 6. Growth of E. coli MG 1655 in the presence of combinatory inhibitors. The M9 minimal media contains

two or three kinds of organic acids. Note: AA: acetic acid, LA: lactic acid, FA: formic acid.
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Szo] 471 SER Az sHe AL o5 &
7)aFgo] ol EAjste] AU AHE W 4 9]
wEe] A7) FEE f714 sERT e Frol
§74bo] EAlSHE Fo W] Azuolok @ A
otk o2 Ao T YAsl 74§74
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o] TWAFAIT, CT2 (2AF 1.5 g0} 24k 1.8 g/h)
o[ Kli= E. coli MG 16552] 4g7o] dojubr] gl
NEA [7l4Ake] 4% Al Ao dxatat F
ARgE RS Bl AN 1.0 g/} ZAF 12 g9 %
el CT29] ¢ tiz2t g 67%9] 453 2o
FHE S Bols ALoR Ko /EE {40
SHE NS A Aol e Al anpr &
oS EeIs 4= UGt} ZAkdl L EARS] SRtulA]
Q1 CT4, CT5 ¥ CT6E o] &3t A3oAE= CT4 =
Aol A gt izt fARE e Hd g% 4
S BPE ¥ ] T 2HA= E. coli MG 1655
9] Ad7dol dojubA] GSkth(Fig. 6b). o]9f BlEo] =
Aty a2 EARS) EFiRQl CT7, CT8 W CT99] 7
$= ZFAR] 04 /0 FHFE]O] Q= CTToA %} E
coli MG 16552 A#}o] Aoy, :zEXo] 0.8 g/f
o)A} 3G-E CT8} CT99| A= E. coli MG 16552]
7ol dojubA] kSIth(Fig. 6¢). ERL Fig. 6dof 2
= A o) 3% {rl4te] 23t CT10, CT1, Y
CT129] AS® ZE2AF 04 /(3 F5H CT109]4]
Tk E. coli MG 16552 /d7o] dolwtal(thzat thH]
80% 445 4 2 FH= 4D YA & &
A= E coli MG 16559 /g7o] =R gttt
olg|gt §7l4t E3tE AEA= FEHCE xE
AF 04 g0 W= E coli MG 16552] A&Fo] olo]
SAEL 0.8 g/t = o] doju] e
it o] = §7)A T E. coli MG 1655
ol gz Al AvA] F 254 sE7F HE
F7140Q1 AL AAF By SQ3% @47 F
i & 4= itk

Mo A]of| {714F E7HE o] 8 E coli M
16559] A& E4% & 2 A3oA Azt
FEAE H7Fsto] E. coli MG 16559] 342
shaich oFA M9 $-714ke] E coli MG 16559
of A= A das 7Nt AzE 59d
A}t o]F 10u|=2 3|4stal HZSFE arabinosed S
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Fig. 7. Growth of E. coli MG 1655 with the black
liquor.
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