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BioreFlnery fbr Biofⅱ els and BioⅢ ateria】:s in China
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Be玎 ing Forestry University, China

In this revie、N, the bioreFlnery of IignoceⅡ ulose R)r bioenegy such as bioethanol, biodiesel

and biogas fue1, biochelnicals Iike Iactjc acid, succinic acid, xyl itol, ],3-propanediol, ma] ic

acid, leν ulinic acid, 읽ycerol, furfLIral, 5 -hydroxymethylfLIrfLIral, acrylic acid, bio— ethylene

and acryl alㄲ  ide, and bio】ㄲaterials and/or biop]astics, for exalnples PLA from lactic acid, PTT

from 1,3-PDO, PBS fㅏo∏1 succinic acid, and Iong chain dicarboxylic acid in china today wi]]

be re1⊃ orted in detai]s. 】 n particular, the ne、λI technologies fbr producing bioethano] froln

lignocel lulsic materials such as 'ν ood and cereal stra、 νs 'Nil l be discussed.
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Eva】uation of cI˙ alnbe as a ne、ν source fbI· biofⅱ e】 and foed

stock production
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'ced i '1to Vietllam l⌒
ece'1")/ as a ca'η didate crop

fbr biodiesel prodt'ctio]1. Belollg to Brassicaceae 'ν itl1 Iife cyc le o'ㅟ y 3 mo'η ths a11d fatty

acid constitt'tio]1s is faν orable for i'1dustrial ιlse: crambe 'ν as expected to be a higlㅟ y
pote]1tial candidate for tedη nical o‖ s a'1d biodiesel production. Howeν er— perfor]ㄲ ailce

a'1d adaptabⅡ i㏉ of tllis ne'쟈 ' pla'˙lt in Viet'la'ㄲ  ecological collditio】 1 '˙e]丁】ai】led u'1kno、νn.

Oι
'r research ailned to eν

alι

'ate gro'ν
th, de、'eloplηηe'1t. oil yield and qι

'ality of crambe in
the circL'msta'ηce of usillg it as a source for biodiesel productio'η . Our resea''ch i'1dicated

tllat cra]ㄲ be 、νas ol●  ly prodι
'ctive i]l areas wlle】

ė te'ㄲ perature is :10t llig]le】  ̇tlla'1 25 degree

Celsiι
's. I'l a suitable ecological c011ditio]1 crambe seed yield cal1 be aboL't 2.] t0:les per

Ilectare. Optimal pla】 ηt de:1sity for gro"’ i'η g c'⌒ a'11be in Viet'la]1l is 256 plants/m2. Oil

co'1te'1t il1 tl^le seeds ra'1ged from 30-35O/o. Fatt)' acid c0'ㄲ po'le'1ts i'1 tlle seeds c0'1sisted of

e''L¡ cic acid (S6.] - 59 %), o'eic acid (] 5 - '6.6 %), 'i'1o'eic acid (9.5 - ] 0.7 %), arac'η idic

acid (6 - 8.2 %), belle'lic acid (],9 - 2,3) a'η d palmitic acid ('.86 - 2.] 5 O/o). Procedι
'res

for oil extractio'1 fro'ㄲ  seeds a∶1d t]le c0'1ve'˙ sio'1 ofoil to biodiesel 'ν ere optimized a'1d '10

'ㄲ
촤or obstacle were fbu'1d eν e'l at Iab or p‖ ot sc섧 e. Based o'1 ㅟηe obta¡

'led resL"ts, it
i'η dicated tlㄱ at cra'ㄲ be plaI˙ lts gre'ν  fai'˙

}' '∼ ell but )/ield a]1d o‖  co'˙]te]1t '˜ ere stil ‖0'N as

co]y나}ared 'vith resLI Its recol˜ ded i]1 s0]11e reports from otller coㄴ
'ntries. Ne'ν

 cι

"tiν

ars

testi]η g stil' 'η eeds i'1 tlη e co'η
'ing tiIㄲ

e i'1 orde'˙
 to assess pote'1tial of gro、

νi'1g cra'ㄲ be i'η

Viet'laI11.



Biofuel production consulnption and prodLIction in VietnaIy1
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Issues facing cur】'ent international bioene''gy research and deν eloplㄲ  ent Iㄲ ainly 'oΠ1 concerns

over shortage in petrolet''ㄲ  supply and global cl imate change. Tbday. Iㄲ any count''ies haν e

tried to deν elop biofLIel because bioenergy is one of the prilㄲ ary strategies to tackle the issue

ofdimate change. Ho、νeν eη the sι
'ccessfLI I deν

elopment of adν anced biofuels technol ogies.

using 'ignoce!] L"osic bio'ㄲ ass, has not been satisfactorⅱ y resolνed. In this seIninar. the 'ㄲ 勾or

bottlenecks in cellulose bioconν 'ersion processes '’
''iI] be discLIssed and '˙

eported. AIso,

dif、Ferent an【〕
'] 

ㅍical 'ㄲ ethods have been co'ㄲ  pared to eν a] tlate the coIㄲ  'ㄲ ercial app lication 'ν ith

the advanced technologies
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Fractiona】  Isolation, Structura】  Characterization, aⅡ  d Che ∏lica1

'{odiFlcation of He∏

lice】】u】oses flom Lignoce1】 u】osic "⊂ ateria】 s

fb I· Industrial use
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I nstitute ofBionlass Chenlistη  and Technology, Beυ  ing Forestry Universi㏉ ,

Bei:iing, China

E— Iㄲ ail :xⅸ31 5@ I 63.com

He'ㄲ  ice‖  LI Ioses are a groLIr} of non— cel 'LIIose polysaccharides found in the pri'IIa1⌒ y and

secondary cel' 'Na] Is of νarious ] i εnocel] ulosic Iㄲ ateria] s such as cereal stra、 vs and grasses,

accotlnting '⊃ r about 25— 40% of tlη e bioiㄲass. They rer〉 resent an ilnmense I'ene、 νable

resource of biopolylㄲ ers. The)' al˙ e coΠㄲㄲ 0n ly reIㄲ oν ed fro'ㄲ  the stra、ν 'ν ith dilι
'te 
섧kal i

and are isol ated by alcohol precipitation. He]ㄲ  ice' I LI Ioses consist of νarious different sugar

ι
'nits. ar''an ged in d 

¡ ff℃ rel^lt pr아}ortiolη and 'ν  ith diff℃ rent sι
't)stituents. The principle sugars

are D— xylose. L—arabinose, D— gI L'cose. D— galactose, D— I1η annose, D— gluct'ronic acid,

4-Oㅓ nethyl— D— gluct'ronic acid. D— gJacturolη  ic acid, and to a lesser extent, L— rhalㄲ nose,

L— fLIcose. alη d various O-'ㄲ ethylated net'tral suga'˙ s. Helㄲ icel ILIloses frolㄲ  cereal st'˜ a、νs

haν e a backbone of (] -⇒ 4)ㅕ  ilη ked β-D— xylpyranosy] units. The chain ]ㄲ ay be linear, but is

olfiten branc'η ed and ι
'sι'al ly ]las other gl)˙

cosidical ly botlnd sι
'gar units. SoIㄲ

e xy]an chains

have D— glucopyl˙anosy] tlronic acid LInits attached—  but the Inost i】ㄲportant acidic

lη e'ㄲ icel] uloses are O— acet'ㅓ  -4-‘

’

-】ㄲethyl —D— gI ι
'c 

ι
'ronoxylans and L—

arabino

(4-O-]ㄲ  eⅡη y] - D— gl ι
'curono)x}' lans. ] n 

ㅟlis ''eν  ie、ν. ㅟle fractiona' iso lation, structural

characterization. alη d chelㄲ ical 'ㄲ odiΠ cation of the helㄲ  iceI ILI]oses frolㄲ  cel⌒ eal stra'Ns,

sL'garcane bagasse— shrubs. a]η d gl¨asses '' iI I be reported based on the resLI lts ol)tained in

our ]abo''atory in recent )Iea'˙s. Attelㄱ tiol● 、νil l be also paid to both natiν e alη d ]ㄲ odiΠ ed

IleIㄲ  iceI I LI Iosic polyΠη ers as bio'ㄲ  ater¡ als fb'' Πood and non— fbod industl˜ ial applications.
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Monitoring Lignin—IIydrolysate Removal Through

Biolu Ⅲ inescence
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Engineering, U]san National Institute of Science and Technology, U]san, South Korea

E—mail : esgott@unist. ac.kr

Abstract

Lignocellulose of、Fers Inany beneFlts in that it is a renewable source of sugar for

biofuel p'oduction, a non— fbod feedstock and its use aids in reducing or even reν ersing the

ca'bon ernissions into the atlnosphere. Howeν er, during its hydrolysis to release the sugars,

numerous colnpounds are f(Drnled froln the lignin portion, induding various phenolic acids

and aldehydes. T℃ sts haν e shown that these colnpounds can inhibit or kiII the Inicrobes

involved in the ferlnentatiνe process 'Nhen present in even sma]I alnounts (0.25 
∼ 1 g/L). Tb

ëmove these colnpounds, difforent 'ㄲ ethods haν e been devised, includ ing oν eI—lilning, which

generate a substantial alnount of 'ν aste that is e∏ viron'nental]y unsound.

Tb address these issues, therefbre, our Iab is evaluating the use of natura] Ineans, ':. e.,

diff늉 rent bacterial isolates, to degrade these colnpounds and to selectiν ely relnoνe theln froln

the feedstock hydrolysate. Furthern10re, by coupling this degradation with the bioluminescent

response of a reporter stra¡ n, SP4 (E. εoI'' BL2], pIυ αΔ :˙ :· Iztχ CD!ABID, which was fbund to

resl)ond to these co뻐)ounds, 、Ne were able to measure both the degradation kinetics and the

˛̨
apparent’’

 toxicity and concentration through the gene expression leν els. The app] ication of

both of these noν el tools 一 biodegradation of the pheno]ics and the b¡ oreporter strain(s) —

pe∏nit us to both prepare and evaluate lignocel lulose salnp]es fbr downstreanl ferlnentations

and to prevent potential systeln failure due to the toxicity ofthe 1ignin—based conlpounds.
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High—speed atomic fbrce ∏licroscopy visualizes processive

Ⅱ1 0ve∏
'ent of ce1】

u】ases on crysta1】 ine ce】】ulose
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Department ofBiomaterial Sciences, Universi㏉  of Tokyo, Tokyo, Japan

E— mail : aquarius @mail. ecc.u— tokyo. ac jp

As a resLIIt of glot)al 'val''ㄲ ing and the increasing cost ofoil and crops, utilization of cel l 
ι

"osic
bio'ㄲ ass has assumed increasing iIㄲ poⅱ ance. In nature, FIIalㄲ entous fUngi are one of the 'ㄲ

ost

potent degl⌒ aders of cel ILIIose tlsing various ceⅡ  LIIose— hydrolyzing extracel ILIIal⌒
 enzy'ㄲ es,

gene]˙ aⅡ y ca‖ ed cel I L"ases. AIthough extensiν e studies haνe been done, the Iㄲ echanis'˙
ns of

llydl'olysis of cel1LIIoses by ceIILIIases are quite a'ㄲ biguous, because the reaction occurs at a

solid시 iquid interface. and it is quite diff¡ cι
'lt to perfbrln the quantitative analysis of cel lι "ases.

Fungal cellol)iohydrolases act at liqu¡ d—solid interfaces. They have the abⅡ ity to

::''Iξξξ유誥+#Ξ sξ∶#윔if %⅜∶;y랗유¼ilIㅑ꾸!];:]il¡i:芷렸:魚捕㎋
r妻 1¡

iξe쵸
architecture. Ho'veν er. the details ofthe action

stil l unclea''. Here 've present real— ti'ㄲ e obse''vations of T'Iε 力o"II:’ ?α I●ee,¸:eI (T')

ceI Iobioh)˙ drolase ' (Cel7A) lnolecules sliding on crystal line cel lulose, obtained with a high—

speed atolㄲ  ¡c fbrce lㄲ  icroscope (Fig. l) [I]. The average νelocity of the sliding 'ㄲ 0ν e]ㄲ ent on

cl'''sta‖  ine ceI I ι

"ose 'ν

as 3.5 nlㄲ /sec. and the catalytic dolnain 、νithoL't the CBD nη oν ed "'¡ th a

νㄺocit' si'ㄲ  ¡ lal' to that of the i''tact T’ 'Cel7A enzylㄲ e. ㅐoweν er, no sliding ofa catalyt¡ caⅡ }I
¡]η act¡ν뇽 enzy'ㄲ e (1ㄲ  ι¡tant E2 I 2Q) or a variant lacking tryptophan at the entrance of the actiν e

site tι

''1'η

eI ('ㄲ  ι
'tant W40A) could be detected. TIlis indicates that, besides the hydrol) sis of

gI)'cosid¡ c bo'η ds. the Ioading ofa ce‖ι

"ose dη

ain into the actiν e site tι
'nnel is also essential

fbr the enz}IIㄲ e nη ove]:I'lent.

Refe rence

[1] K Igarashi, et. al., J. B'oI. C力 eI”
. 284: 36186-34190 (2009).
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F¡g 1 ㅜ¡me-lapse ir˙nages of

Sca'e bar ind¡ cates 50 nn⌒ㅣ.

TrCel7A (white arrow) molecu les s'¡ d¡ ng on a high'y crysta‖ ¡ ne ce''ulose
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Protein and protein engineering in bioproduction●
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Proteins (Enzymes) play a key role in enhancing the industrial process and bioproductions of

biochelnical. The isolㄲerization of sugars released froln biomass not only influence on

ethanol yield, can also produce rare and rnedica‖ y important sugar and iso∶ ㄲerase Iㄲ akes the
process easy and silnp] er:

Bioconversion of mannose to glucose, enhance the ferlnentation capacity of ethanol

producing organisIIIs and thus wiⅡ  proν ide the opportunity to utilize mannose rich biomass,

especially ∏larine biolㄲ ass as an alternate to cellulosic biorl● ass. Si'ㄲ ilarly bioconν ersion of

readily available sugar to rare and medically ilnportant sugar 'Nil l proν ide the value added

products from the sugar released frolㄲ  bio'ㄲ ass. T、ⅲo— step iso]ㄲ erization with the lηelp of

isolnerases Inakes process easy fbr the bioproduction of readily availat” e sugar to rare and

highly consulㄲ able sugar. Here we haν e conνerted mannose to g]ucose and xylose to Iyxose,

a starting material fDr antiviral Inedicine at nearly 37% production rate "'ith the help of

Inannose and xyl ose isol'':l erase.

Since the sugar isomerase has 'ㄲ u]tiple, preferential substrate speciΠ cities, protein

engineering possit)Iy Iead the process in single step rather than t'No steps isorylerization.

Xylose isomerase has been studied in details and numbel˙  of mutations has been cl'eated t0

a]ter actiν ity. Kno'˛
'ν

''edge based alteration of amino ac¡ d in cat㏅ ytic center of xylose

isolㄲ erase can fLInction as non preferential sugar isomerase. The presentation 'Nil l discuss the

replacement of a single aIㄲ  ino acid in catalyⅱ c center of xy]ose isoIㄲerase 、νorking on 、νide

range of sugar and produced isolner.

■
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