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Applications and Prospects of lonic Liquids in Microbiology and Biochemical Engineering. Ha, Sung Ho*. Department
of Chemical Engineering and Nano-Bio Technology, Hannam University, Daejeon 305-811, Korea

lonic liquids (ILs) have been widely recognized as environmentally benign solvents. Their unique properties, including negligi-
ble vapor pressure, non-flammability, a wide liquid range and their tunable physicochemical properties by proper selection of
cations and anions, make them attractive green solvents in a variety of fields such as organic synthesis/catalysis, extraction/
separation, and electrochemistry, amongst others. In this paper, the recent technological developments and their prospects in
the application of ILs in microbiology and biochemical engineering, including enzymatic reactions, protein folding/refolding and

biomass dissolution, are discussed.
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o] 29 o] 2Ag o g o] F FFEFEH 100°C ©]3}
o HlwA 3 2EA WA Y2 EAst= o] 24 ¢
o|t}[33, 37]. O] A MAE Fst= HEHQ FolRo2
© HeZoHtEF (dialkylimidazolium), HEZ v 2t &
(dialkylpyridinium), Y ¢ ZA 9 E2|tF (dialkylpyrrolidinium),
44 Y2E (quaternary ammonium), 45 EAEE (quaternary
phosphonium) 0] 129, 20|20 2= NO;, BF4, PFs,
AlCly", ALCl;, CH3COq , CF3S03 (trifluoromethanesul-
fonate, TfO), (CF3S04)sN" (trifluoromethanesulfonylamide,
Tf;N), CH;CH(OH)CO; (L-lactate) 5°] A Th(Fig. 1) [33,
37, 51].

o] 2 AA = F7Ide] Foll 7HhE R FEA, v &
4, LA T P A= EXfst= w2 4 AHEA
o2 9l “JA&(green solvents)’z} 2| HA A&
2 g2 WS T )lrh42]. 53], o] 24 A A= gt
F71&, f718, 2284 E45% &A1 5 L, 294, &
=, M, 9= 59 Y38 B4 A Mg
9loj A “t]zto] | &l (designer solvent)”Z%= EHTHS]. o]
EAOF 10'8717] o] A< ofF thokgt o] A HA o A
o] 75ty Tt 5L At S = A 9 Faket e
= AYAL Aot m2hA o] 2 AA|= 71E9 {7187t A
YA Zote= thdt EAS e & ofY g AR &

Z o] gh=(Task-specific) €& A=t F4E - Ath=
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Cation :

QL

1,3-dialkyl-imidazolium 1,4-dialkyl-pyridinium

R

Rl R2 1 1
XN/Rz XP/Rz
/ =3 / —~R3

© o« »

1,1-dialkyl-pyrrolidinium tetraalkyl-ammonium tetraalkyl-phosphonium

Anion :
NO;- BF, PFs
AlC, ALCly CH,CO,
CF,S0;- (CF380,),N- CH;CH(OH)CO,"

Fig. 1. Structures of some typical cations and anions in ionic
liquids (ILs).
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AA7HA A o] L AR 0] 2o $EE Eu, o),
229 59, A7 2 oux P, 18K S Buow
U 2 4 glou}, I A g o bl gol ol e Ao 7

ok @ 4 9UTHI5, 16, 33, 37, 46]. H 2, HEH 7|
ST 7129 ABTANY ol LA ) S8o] Tl
A AW 1 YEH[32, 51, 57). whebd, Eue| A ol 24
Ao BEW HAL ol &3 Mo wYBA TSN &
$BHL BAUS, BN YYY, vho] or 2 Hokg 34
o2 goluy 1 $47b5HE AEFTA Bt

HABEGOIMO| O[KoIn| 3§

QAo o] AR E o §T AENTTHL A
R2 EHY 5 9tk ol o2 AA A=A, 123 4
ool q Bx B T4 Sul2A, tgoR g
o4 A E T ALBE ol §3H WHolTh21). ol
HARE RN AR ste] AAZHA HAZ o] 83 BH
& gEslsrggol ol e AATL 1 A Ago] A=y
o7 Hob, 1 @77} ThE AR BIEHEA Hofo] uld of
A% s AAHT ek LE AYAE ARALS 44
3171 S84 chopat HAS ol gttt o] BaL Auk
o 25| ol7] wie], Bo| ok R NE A}
Agaithe WAL 7129 YW AL HRE 77
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59ic. A 2093+ 2] obd ¥4 (nonaqueous) ] 4
o mauhgo] et AT FHNT ool A ABE YT,
I Fe43 AL Mo} AYHoR YR 3t
ozith Mg Be A7 B $7180)
2 Bol Mo mavkge Hste] AYHoE
chake Aol GOk, #7194 AT webgo]
R0z Felstel ol WAL 4 U $7HE Bk 3
L wgo] WG olgith 2000400 SolA] BAHoR AT
7] A Aol SR B2l ol LA E Suj

H F718HE ol &RE WY thgdt FHE A" FAl
g 4t mao] WA, HEA, RS e A
o2 BIET 9r}[32, 33, 51].

g o] 2B o A9 AAaRREo] e His HwA
2|2l 20009 Russel 5o &34 o] o FHh[7]. @A
7HA] HAE o] &/ A o A & HaukgE thRE Thers]
aAE olgstglen, 1 FoAE lipaseE 7MY Bol o]&
P itk 7] 8ol A A APshe EH &
lipase= & 23 249 AHAA 2UE 7R3
to] EECE o] §st= 7|3 7Ht 749 {7]-8
o)A lipase= "¢ ¢t A o2 EAet 7tpRaf o] ARk
3 o AH 2SS Zulsts AP AHCE Wi fES A
2xolt}. Sheldon 1F-2 F429 0] 2/ WA ([Bmim][PFe]<}
[Bmim][BF )l A lipaseS Fuj2 o]&3 ihe-S A5o=
8 3}td, Candida antarctica 53] lipase (CALB)2] ¥
do] dxtAQl f7]-& o A e} vttt Ae Bastith
[42]. LipaseE ©|-&3t= AtQ A 02 {83 ¥h3-2 2hA|g
313HE (racemate)] FstEToltt. o7 IFEZHH &
Al A Y 3HFES2 1-phenylethanol FE=4] 9] FaHE
o] HuEl e, thekdt o] A HA A ¥ 3
o A3t 7129 {F718 ol A 9 whgof ulsf et wh-g
ol o FEEHAL, a2 AP B =4 FAHUTt
(4, 14, 41]. oFv|ieA4l o 28 9] FoHE S| QlojA = o] 24
HAE o]&ste] 7]1&Y FA o Hlste] FFE & v

i l_,>., ol
£ o K

Of

==

gk theFet whgo] o] 2 AA oA = THedtth= Aol ¢

on, f7| 8wl A= A A4 71EE o] &3t
£ 3 o2E 3 22 WS E o] 2AAA N A HA ¢+
FE 5 Aok Aol HuE T §lri[11, 12, 26]. L=
[Emim][TfO]ol| A/ CALBE ©]-&3t Hjo] 2 tj A o] AJAkA] o
7129 "ol ot AgAte] Ao o2 U2 tert-BuOH
o] v])3} 15% o]AF =t B 1= Qth13]. Lipase th22
2 Wo] AFHI Qe AL Tl Bl 8491 protease©]
t}. Protease= F& o|2ANAE B2 = ARgsh= Bt
oA o AoEo] BRuE §lrh Russel 1F2

s}



thermolysingr ©]-8-5o] o] 2/JHA|of| A oW E| = (dipeptide)
Ql Z-aspartames AJ4Het =, dWHH O R o] & EH = §
718l <l ethyl acetateol| A 9] ¥h-g-2t Bl A ¥H-EA2 H|%=
st m29] ol S S4iTi AS BT,
o] 24 WA A a-chmotrypsing ©]-&3 B O R =
acetyl-L-amino acids ethyl ester®] E Ao A g 235813
o] 3 H =, B4 718l A e Bl=g He=
SAEHNL, BAEY BAAE 718l v 178 B
FE &0l SHEUTH29]. L 2ol epoxide hydrolase,
B-galactosidase 52| 7FE3| EAE o]-83t BRSO A= o]
2HMAE AHESH] & & RS €S & A
3, 20]. HZE0] 5 ol 2 AA o A Thggt Abstetd A
7} W38 etk o] R8T 3o, Khmelnitsky
I5L E49 [Bmim][PFg]o)| A &= laccase”} anthracene]
ArehhE-& S 3ttt A& BstEoh17]. shA| T,
59 o] HA AN A AT HE A WG oS F2
Holn, F2 o] 2 WA ¢} 59 TES o8 Tl
U ol FA A Y Hhgo] HuEx S§lth. Kragl IF2
[Bmim][TfN]Z} £9] o]ArA oA alcohol dehydrogenases
0] &3}o] 2-octanone®] FIHA 2|l TUWGE HF AL
2 2gapged, ol eeel B4 e 1A AR
o Ae a} 7|2 BUl8TET} R WS SES §
=& 4 Q3lth5]. E3, Candida boidinii 52 2] formate
dehydrogenases= [Mmim][MeSO,]2} ¥ o] E3t-Eo] 4 uf
2 Mo WHS el Aol BIEY{Is]

o) Arol A kw2 whef 2ol thkat ol LA A 7L Bah
<ol o] &=L =, AZ7HA| Had vl m2H o] 24
AR 2] =EE (water activity), pH, B<E 5 22
T Rl Qo= o] 2 WA 9] FolAH < &ujA FJHof
A 71918k o] 83050 A & EPAHORE 549
WS Qg Aol Gk mIFT A g A Sith[57, 60]. t
EHQ 2052+ o|RAYAY F4, AT oY
kosmotropicityol Al 7]Q138t o] & NA) 9] Hofmeister series,
O RAHA Y =, 294 AL, Fol2Y #224% V=
4 AP = Fol AT[51, 59, 60].

Ao 2 aAFHLE S AT AYAdd = B4
A, G40 w2 7ol A4Sk 7 & A Eolt). o]

2857 QAL Aol g 94 HA Aol

=

fol

ol
o)
l..

R
Fast, uhAQl Wo] a0 1A sto|th I- Y|, ©]

JHA 7L BHS i A R o] &2 wf A4 9] A FFA
Athe 2= o] 2AHA|Y & b2 &8& 7HeAdS AASH
A =T} o] 2AFAAE B HAFITE Y3 HIHAR o] &
Sl W o2 ==7o| 53°C¢ [PPmim][PF¢ & Z &3t
lipase7} 7]-§v ol A native lipaseo] H|s}o] &2 A4
I S Uetlle Aol BuEgith23]. o] o AR

e

flo

L o
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Ho2 MERQ XA BE laccased U wof g
Ol ZAAHAZ AL E HA A5t AAHLE FA
Bz BuEo] 9oh49]. E o Whio g £ A (sol-gel)
WRog a4as UG AL o] 2AAAE HIHAE A
4ot a0 whgAga) g Ado] dE T Ao] H2 B
JEo], B YA ZA 9 o] /WA Y o]-gof et B
Aol E3F FobR| AL glth[24, 25].
O[QHOIHIS Ot THIT FIHY

FAA Q23 7w IR Q&) uYES o]&3to] A
dHo g F-83t dAESS a8H O R tfFYAEtr] gt
B2 A =7t o] R Qint. o] 2gt A2 dulAS A
517] Y8l o8 EH = sFEE W, AR, TEAEZ, &
Az 5ol g, 1 5 32 1 FARE7 7P & o
A laL, ookt I e o A™o] 7hesiy, w2 U
TE, T2 A7 Fo AR s A2 dud A
ARE Qe 32 7P de o] &= o 2y, dil
< o] &3t A=Y Tl A Aot AT A HEEY A
23 duido] oo njgdFP Y FHAQA HEA
(inclusion body)2 &3] 2 Ech 12j22 o|gdt YA
2 A2 &g Qi B F QAo FHEY F
e A Tl ZA9 SukE 3% 122 Y &
AL 7H A2 35T 4 Qlrh dubE o g o] gt A
Y54 HAA (denaturant) & ©]-§3 HEZA o E1
(unfolding) TA| ¢} T A o] ZHIE A3 F=& 93 WA
A AA 3R LAt HAAAY AA HHo what &
« 34, DAF 34, f7H4] 34, B, A o ARtE
e u o WHo] AREEI At A A AHH Y ol

FAZIA] 718 Bol ARH L s oA, 1 AEke

o @8 SEo| AT A 7Hsste] 1 Sgo] B, 33
o4 Aok s 27} e 7] WEe] AREEH F
o $%THS F7h2 astel 42T SRYY YA L 3
Aulgol ¥ A D TAAH o] PR ATl BT 5

Siche A Sol BHoR AAHT gtk oleje w3
233 15E, DA AV DA Sstel s

LA E BT A7t T chze) B 4
UL A AR AR 227 ZEE ARVS A
AT W Fol o] LA WA o Y dr(ethyl:
ammonium nitrate)S A 7IA| 2 AF&35le] HAAE @2 9]
SHE BT 2N oA Y Y] AHY ALl 90%7HA]
AR B3} YrH4d]. Ao TR TE W 0|38t
Age Tkt dolaxialel AU ol FHoHE oL
Well o] ZFe|o] = o ANAE A&k, HAAE &
B WA FAHS AT =2H 34| st A9
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100%9] 77he AHY BLE olF 4 Acka Basgdehl,

O[QMOINS O[§Tt HO|QUI A SO Y T
e

QoA Fzof et 7
b otz FRel weEh &+
=2 §=E 7HAL Q)
ot o]t o] 2 HA Y FHold &S o] ot
2| Zgt = wloj oA 0] gaf B gg7]woltt A A
of EAst= vpol A tfRE wiE B4 7124
E2 URbE2 f718 o] A9 &= A 7] ol 3}t
Hoz Wgshi Aol B olgc BA B /A9 vhol &
jAgte] &, pyridine, formamide, DMF, DMSO 59| =
A oo g345io] HoHH o WY & JonE volo
uH/\E _-5_31],1-1 oz _Q_ﬁﬂj\]%j] _/'\_ 9}\‘— _Q_EH }\]/\Eﬂo] Ii]_g_ol.
t}H6, 35, 36]. 2 Rogers “LEF0] o|u|ttEEA 9] o] 24
Xﬂa ojgsto] MERQAS AMAOR A 4= Qith
+ AL H1g o] gt ol e A EAIZ 5 Q)
= o] HAEHA, o] 2 AAE o] §5lo] Hfo]emj A
HE stEdolu A8 E st $87]e 9 Hiole
“Hé 718ke] o7 742 B E NSt} st 8o
lhstA NI QIrh46, 47).

27 vlo] e A= vlo] 2o YRE 7] 93 FaT &
Ho g AAET Y=, HLE o] A AAE ©]§5}]
47 vlo]lemj A5 AX YT F o] agFor Tast
o] Hpo] Lo & A= Hiol e g|atol 2 FA o] ol 7
dhe] v QlTh[34, 48]. A 20024, Rogers :L-g—‘: 1-alkyl-3-
methylimidazolium 9F¢]-23} halides 29|22 7}A]+ o]
HAAE ol-&sto] MERLAE aNHOR G/ABT 4
U= YESGTH46). AER A9 G = o] 24 AA
o] ool wat & Zol7k AU, [Bmim][Cl]o] F 25

wt% AE A2 0 ASE QAL 4= Utk E3L o] 24
Ao AN MERAE &, TS, oMAlE 59 W
£0jj (anti-solvent)E ©]-&3lo] AEZ QAL ThA] A 1A}
+ 20| 7hestthe A HoFh o3t A= AE
294 7uke) B an) e F154e gt 1 olF
o8 AFAEY AFZAT 93 H acetate, formate,
methylphosphate, dicyanamide 52| 20|22 7%= o]&
HolA|So] AE2eAg B $HNY 5 Aoke Aol BT
T3 oh2, 9, 10, 19, 28, 63]. ??l'-d, [Bmim][C]], [Emim][Ac]
5] ol £ HAAE ol §310 £Tk AEZ 0 Bk ohy
AR A0 TS BHAAR YT 2 5
277 vol LW 25 S §HAZ 4 Yok Aol BIH T
Qlth27, 45].
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o] & MEZ 2 A0 Zafo] gt A7t
HRE T, | RAHAE o] 8T 7D Y = A =FHL
ok, FASHAA L, 7 5lo] o] QA o S L FEL
9o By b gst Ao 24 9E@. 7|
Bl [CUAA F 10% 74 & + AT, S8 ol
= o= J= AY=E FAGThn BIEHT gon, 2
ol [Bmim][Ac]7} 7]81& EWF o2 LA & Y=
o] HAEIth54, 55]. 7|€lo] HotAEate FEQl 71E
AR [Amim][Cl], [Bmim][Cl], [Bmim][Ac] ¢ ©]-2/dHA]|
of & &afE= AR HuE1 QIth30, 31, 53].

2|25 nA 2R 9 2F 22 Hiol eujA #ut o}
Yt ookt Am ol S, detAd, Al 3 2
2 Ho| e ETHES o2 AA o &3A7I= AtE EF
HsA AP E AL QITH38, 39, 43, 56, 58]. AT = [Emim]
[C1], [Bmim][Cl], [Bdmim][C]] & o] &4 A A o] & &3}

Hrhe Ao] RiExn °‘EH38]. nN 2R SRS
[Emim][CI]] &3fA1X] & 7t-E8E S8 =2 &2 ¢
2y Fog ASAY] AF7F ol Hag Bt lrh[e4]. g
H, oA 2Fe S2ddE= =& AR YAA o 2 9lE) B}

oot AAFFE ol ol g3 G, 22de} o
Z2 5o} gl AL TLH 2257 99 MeSO,)
2o £2 2 o] LHAAE o 8T HeliEE AT HT
B ch58].

AL 1t Tl BIT Hol eAXES B3k
o2 aota, BenhE ol g3 AL Bl vpolerj2s

AFAT 4 UeHe BHS ol ajol, Ao 8, 29
A, B, A4 5o chee BaaAle) AR s 19
HaL Qth52]. I FolA HERLA Af= AA AT
AR ol Holu AA7Fsdtthe AR 71 g
o] &&= Hto| e &g 7]REe] A fro|th. o] 2 AA =] A
ER2LA9 8HE SR AEELA AR AREe A 5Y
o BASFAI AAA G AL Slstel 977]4 S0 S %
A8 Aol FEsha i, oledelel st 24
o o8 T HeLol FFto Bekol] oo BHuE
A7tol 7H5tehE t2o] BASFAL] 2 A2 u]2l A
2 &3 A 9t} Rogers 152 [Bmim][Cl]& o] &3 A&
Z oA "o 29 Jaccase?] NAT AEZ e A/ET ot I
£ H|E(bead)E ©|-&3t lipase®] 143} Gt o] o] 24
HAE o] &3t MER A 7|9 A& N, F2ol
£ [Bmim][Cl]o]] AEZ 2 A2} 1-(2-pyridylazo)-2-naphthol
S Zo] LA AAN ERE A5t He? ol tigt AlA &
HEZL J)E3 S TH40, 49, 50]. ©] A A F 7} vlo] L. A 0]
FHAEYAERLL GujdER A 311‘4 BEE B4

o & &MAZ = U= EFT &zt AE 7Nte g,
Dordick &L HAEZoA, S]IU]/E—__IEEE_, gade



[Emim][Ac]ol| 5:3:29] B|&& §3fAZ th-& & £ ofgt
22 o] &3ty SLIAAA FA EA(synthetic wood)Et=
&S A, o8 Y AAZY L 7S HoF
ATH43].

o] 2 WA S87e2 FF AN&7Hs 7€ (sustainable
technology) Althell o} #7184, A7]8}st, eetge}, £
234 55 3= oF BoplAd dFd SFERT} 9
= A22 7Id o, £1, €&, n= 59 7l A= =7t
Sl Thepst Hofo] AH ol 2 A Bgol hat e
F AT 9 A Qo] APE L gJth T3, o] LA HH)
t @32849 guje e o] g BE EYL 7w
QolA Aol FUH 2 glom, 7128 47147t AR

Zott Gt S4E AW BA0) 2T $§ b5 2

r°4'

o ALHT 917 el g5 HAFE WS W4 Aoz
et 59, chEA 47T 7149 4EF S o
AN $4L 7120 HBTHNN FEolaA Agt
DS R R

299 £71898 A8 G A 9
A 9Sel A8, Y, FYRE TN 5 sloke
E i o] 62

Koo &ﬂow AT AAUIEE AT F A8
Moz gasel vlo] A E A voloejmtol ] F
Aol | AEH L G, 1 |9l o] 2HANE A

$oko] A2 R vho] QT4 FIuhe] 2 ST
BAI0)A) s A, sl QAN HBARAA 5| Aol
Bopol A% Rt BAHOR o8 4 9L A0 AgE
o ol LA v BB okl o517 9
A ol eAAS & A, of 84 g ol
AR £ 5& TUF ole 7H1 Fusor T FEol 9
A% o) RS £ 716 WA P BE sty
Hol A4 2 9H e A BARES HAT & Ut
= el tetew, HEHATHY AU A Folt
S471E2AH TRATH) AT Aol 75 2
o= 7gjgr

ju = Ay =
geh=de

2 o

WA, W ZNY, ] PgAY] BAS X Y of
SAAA L BANBA Gulo) 1, B Fol L3 Lol &
of chopat 2L F3) A BAo] R ol LA S
FolshA AT 4 9ol =M Py oz aAsh 3
g, S0, 52 % Bel, AW 59 Hopol Al thepsi
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4T gk olo] & ERol AL ol LHAH o] that 7]
Aok 3 WA T AR Z AN ol LA §
A BT R S8 Qi HANHS Hof, guid 7]
M3 ok, uholonlx §3) @ FeHokl o) 2 ATE
a2 71eshdch
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