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2.1 AaaNUALazAINEIARYVas 3-hydroxypropionic acid
2.1.1 auanUAYaY 3-hydroxypropionic acid

3-hydroxypropionic acid (3-HP) Qmuﬂﬁﬁa C3HgO3 (MW 90.08; CAS Registry
Number 503-66-2; pKa 4.51; density 1.08) (mwﬁ 2.1) §adu carboxylic acid i B-hydroxyl
group Az Alassasreiifulolamasuas lactic acid (2-hydroxypropanoic acid) &nwaie

Juvesnan awnsoazanglaludl wnuea uasdives Tyaraoumnaifninit 25 esrnwaidea

(%
1 a S 1

wazlifinguiaidussdusznou Uiang wazaniz, 2009) Fanguiniiatlazdsmaliruudiuses
ftusrlelnsinutesas weninilastaisesansdusznaulufenguaivendauarlansendad
ALIAUNLUAT é’w@mauﬁ’aﬁﬁﬂﬁ 3-hydroxypropionic acid 39ianuudausanunusaziduans
funuililumsdaunsiansdu q lWegrmarnvans  lugeamnssuaiinsldauivanvans
oy Mduansideuving (crosslinking agent) dmsuindounedies asnasdulave uas
arsinuliliinada (antistatic agent) dusudme usnanddaunsalfifuarsaedulunis
duarwiaildnriifaualudmdydsnauunn enfiiu 1,3-propanediol (1,3-PDO: C;HgO,
MW 76.09), malonic acid (C3H;O4-MW 104.06), acrylic acid (CzH;O,-MW 72.06), acrylonitrile

(CsHsN-MW 53.06), methyl acrylate (C,HsO-MW 86.09), ethyl 3-HP (CsHyoO5-MW 118.13)

1
= o

wag acrylamide (C;HsNO-MW 71.08) (Raj wagaaiy, 2008) Faazgninanidluusunauindmsy
MsnAnaNsinfn UsTYAtueinanain wedluesiedosdened thewihanuavenn uasistu MBI
i 3-Hp FagnidenTfiduarsadiyadiinaindaunaiiianudidy lnensensavdsiues
m%’gaLu%ﬂﬂﬁﬁmim@mmid']%ﬁmié'??asmaﬁuiumawmﬁaiaﬂﬁﬂizmwm 2,420 aunlanadl

(Werpy iaig Petersen, 2004)
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Al 2.1 Tassadamaaiives 3-hydroxypropionic acid
i ; http://en.wikipedia.org/wiki/File:3-Hydroxypropanoic_acid.png
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2.1.2 A2UHEARYVDY 3-hydroxypropionic acid

v

3-hydroxypropionic acid {uarsiuraulaludenisauazdaduaisifinnudfey

<

a1fiusue) 999 Building Blocks v 12 9iia iesan 3-hydroxypropionic acid Usznau
lushenguasusndauarlensendaidumisuniavangd agldlunsdansgiind Sasiad
Aneanlunisdiuidszendldaiu e1yy acrylic acid, 1,3-propanediol (PDO), methyl
acrylate, acrylamide, ethyl 3 -hydroxypropionic acid, malonic acid, propiolactone Ll & ¢
acrylonitrile 1ugu (A 2.2) #150UNUSYDY 3-hydroxypropionic acid wianbanunsavlule
Tugnanvnssudneg Wy ansiedeu asvaedu arsdestunisifaliirainludme Yananuss

o = ° s & v =
ARYNITU LLa%ﬂqiﬂigﬂ@Uiuqmﬁq‘VmﬁﬁﬂJEJWLLa%Lﬂi@ﬂa']a']\‘iﬂ WUAU (A15199 2.1) (Kumar way

ARY, 2013; Pina wazAtuy, 2011; Zhang hagmaly, 2004) pd1alsAnulunisngn 3-

Y o

hydroxypropionic acid @111508ARLAR8NTLUIUNTTNINAT LAZN19TINN Tngansiagud
Aeadoslunisudn 3-hydroxypropionic acid stamawaiiuazmstanmiinaresin 16un elycerol,
3-hydroxypropanaldehyde (3-HPA), malonic acid, acrylic acid, 1,3-propanediol (PDO), lactic
acid, malonic semialdehyde, acrylamide, allyl alcohol, 3 -hydropropionitrile & & ¢ [3-

propiolactone (Al 2.3)
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Methyl acrylate

1,3-Propanediol

0
C;H{0,MW =76.09 /\)k
0 0 HO OH .
M 4=\ 3-Hydroxypropionic acid
HO OH C,HgO,MW =90.08 Acrylamide

Malonic acid C.H:NO MW = 71.08
CH,0,MW = 104.06 o o

0
0 Y
HO/\)ko/\CH3 [( N
Ethyl 3-HP —0 Acrylonitrile
CoHi g0, MW = 118.13 Propiolactone CHN MW =53.06

C4H,0, MW = 7206

MW 2.2 ansoyiiusindnlagld 3-hydroxypropionic acid 1luansaasiu

1’7im : Werpy ey Petersen, 2004

A19719% 2.1 maayﬁué%aﬂ 3-hydroxypropionic acid

[ 4 a o v ¢

A199YNWUS nszuaumsiin - msialulduselewd

NINOLATAN Alawnstu gAAINNITUAINE § nT¥A1Y N17
nawes

1,3 nswuleeea IAnTu MYNara1s N1 LASDIANDNY NARHU9LEY
lowazdane

3-lgnsendlnsfiloueanlon 3Antu 911115 WARAUIMAULAIDIISART @5
UAMQAEMNTIUOIMNT

flan + Jiang wazAnL, 2009
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Ho\/I\/OH o~ O HO OH

Glycerol 3-hydroxypropanaldehyde  3-hydroxypropionic acid
/\)CJ)\ O
o OH IS OH HO OH
Malonic semialdehyde Acrylic acid 1,3-propanediol
@ O (0] "
HO OH NH, OH
Malonic acid Acrylamide 3-hydroxypropionitrile
(0]
0]
1 o o
L ~TN OH
B-propiolactone Allyl alcohol Lactic acid

AN 2.3 1Aseasnamnaaiives 3-hydroxypropionic acid haza1saanunlglunisnan
3-hydroxypropionic acid N 19LATLAENINTINN

7137 : Kumar wazaly, 2013

2.2 NTUIUNTHAR 3-hydroxypropionic acid Tngsn14Asl
2.2.1 ASEUIUNTTRANTATU 1,3-propanediol HIUAATIURNTEUNALALALY

Inen15911U{A381984 1, 3-propanediol Aulfiaaandauluaisazalsnialaed

wnatapeniduiassufisenusuna 0.1-3.0 Wesidus vesU3uia 1, 3-propanediol Nigaunail

Y

40-55 peAngaTyd @N150a3198anan 3-hydroxypropionic acid Tusn$1918 (Behr wazAme,

1996) d%3UNTEUIUNITOBNTLATUTDS 1, 3-propanediol Tasldunatatfsuiiumisesljizen

LAAIAININA 2.4
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R RIGIGEN /\)J\
HO~ " SOH +0y HO OH

1,3-propanediol Oxidation 3-hydroxypropionic acid

v

AWA 2.4 N3EUIUNMTOINTLATY 1, 3-propanediol Tflunatalfeududussufisenlunisudn 3-

hydroxypropionic acid

aaa

2.2.2 N38UIUN1520nTLAYU 3-hydroxypropionaldehyde W1ufA2t39U A58

GGG

Inen1snUAse100n@intuves 3-hydroxypropionaldehyde Auwfiaaandiauly
fssnalafgusounanituusuia 10 wWesi@udvesuSunn 3-hydroxypropionaldehyde (3-
HPA) (Haas wazagiz, 2000) d1MSUnszuIuNIT0endndu 3-hydroxypropionaldehyde Tngld

wwalaLsuvsaunanAtinduiusujisen wansianind 2.5

LWALALAEN A58 WNANAUN 0
/\/\ » /\)J\
H +0O >
o Q 2 HO OH
3-hydroxypropanaldehyde Oxidation 3-hydroxypropionic acid

AN 2.5 NITUIUNT0NTLATUVDY 3-hydroxypropionaldehyde Mlunatatfey

weuwanftdudnssufizerlunisudn 3-hydroxypropionic acid
2.2.3 n3zUuNslanmstuy acrylic acid laeldnsadusaiseufjizen

Qddy o 1% dll U 1 aaa 4! 9./3 1 1
Bignihanldlumsuitgnieweswiswditer dwaunsaldlannsauazang us

] @ aAa ' P O v & . =& o & o
nsldnsnazilunteuuinnidi iesainasssauidu Oligomers FIVUIALAN NAIIINNTEUIUNTT
dehydration 2ziinsAorATANUANNED AOWININITUEANEAAMINLIABIATAITAIIY WU NITNAU A9
wenanduaiu msanwan Wudu (Meng wazauz, 2007) dmsuuiiselawmsiuresnsnozaian

Inafinsndudnseufjizen uanadanini 2.6
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Oligomers \ OH
\
OH R
Acrylic acid Hydration —OH
3-hydroxypropionic acid

M 2.6 nszuaunslamstdu acrylic acid Ingldnsadudiasaufize

= v = = a . . . Y 1
fainaziinszuaunsmaaiilunisudn 3-hydroxypropionic acid wsinaulsiiianas

'
a [ a a

Dululdlu@aondiaglutagiu Wissnndunuiguesingduwaznszuiunisuds sadedym

q L] 4

dwnden Jiang kazaady, 2009) Hesanunamsnginsluniswdsansiadivaiilaealugiiu

wnUlasdendaduingiuinldudmualy sudenliudusuvesdinsidoy mematvinli
[ L4 . . . = [ Y a a dy I 1

N15&A3189 3-hydroxypropionic acid anTamaslasuaueuiinuntuduagiwin

wazidumadeniidrdgyvesnngaainsy

2.3 N15WAR 3-hydroxypropionic acid Ing3sn19¥20IN

£ a

1AUADINITHER 3-hydroxypropionic acid Tudsnaiye Tudununisudniian wagd

¢ a

a da a a l v W I a a6 aa 4 (Y
ﬂi%U?uﬂ13Nﬁ@%ﬂﬂi$ﬁ%ﬁﬂqwgﬂ umiuﬁa%uuaaimwugauwsaﬁsim%ﬂmwaquiaiwmaaWﬁ@qw

q

[
v = a ¥ a 6 v

nalludnedy Asudalinisafieqiun3danuuaciugnssy LasimuINIzuIuNITHEANIS

P Lielulanszurunisudaanisdininianunsaunluldluniswds 3-hydroxypropionic acid

[ [

Wannalvd Ban1slensnanvneaginin Weweuiunsndnmeisniuadidvesasil
1. annsienUlasidendailsnanigs
2. ann1sUdesiingansueulaeenlendiuusseinie

3. AANANIZFOEILINA DY

4. anmelglunisndnlisunss
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ASANINITNAANITININVOS 3-hydroxypropionic acid [FUAUAILA A.A. 2000 A3
n13as1aqdunIdanwUasiugnssuviatewiin Wy Escherichia coli wag Klebsiella pneumonia
Tnganusaldnglaawazniweseailuansisiu  uenanillainis@nwnssuiunisiumaiueddy

[y

YBIAUNTINMAYITRIAUNIIHER 3-hydroxypropionic acid WaNMTBIINNITHAUINIIHUG

a ~ v acaa a a o Y] o a Y a
FAINTTULileasegaun3dniiuseananmuasdalinsiauinssuiunsdnfiaunsaldaslaly

Jaqdu

2.3.1 NM3W&n 3-hydroxypropionic acid 3Mnnglag

a o

USEM Cargill ladn1s@nwiuazandnsunsineanu biochemical pathways snun 7
pathways Nd1Agylun13WEn 3-hydroxypropionic acid 3nnglaa lngsieavidenvounas

pathways uandlInIn1s199 2.2 WazNNSINYOWIE 7 pathways LAAIAININT 2.7

A19199 2.2 wanawandn ATP wazanuduldldvesnisifensidsuulamdanumesialauiiin

vaen15l¥nglaalunisasie 3-hydroxypropionic acid

Metabolic pathway Net ATP yield® Thermodynamic
(mol/mol 3-HP) feasibility

[(Pyruvate — lactate — lactoyl-CoA — acryloyl-CoA — 3-HP-CoA — 3-HP) 1/0 Unfavorable

I (Pymvate — acetyl-CoA — malonyl-CoA — 3-0xopropanoate — 3-HP) 0 Favorable

[0l (Pyruvate/PEP — OAA — aspartate — p-alanine — 3-oxopropanoate — 3-HP) 1/0 Favorable

IV (Pyruvate /PEP — OAA — aspartate — [-alaning — P-alanyl-CoA — actyloyl-CoA — 3-HP-CoA — 3-HP) 0/-1 Unfavorable

V(Pyruvate/PEP — succinate — propionate/propionyl-CoA — acryloyl-CoA — 3-HP-CoA — 3-HP) -1/-033 Unfavorable

VI (Pyruvate — g-alanine — p-alanine — 3-0xopropanoate — 3-HP) 1 Favorable

VII (Pyruvate — c-alanine — p-alanine — p-alanyl-CoA — acryloyl-CoA — 3-HP-CoA — 3-HP) 1/0 Unfavorable

*Varies depending on the route, intermediate (s) and enzyme (s) employed.
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112 Glucose

:<NAD*
TNADH e TP

Phosphoeﬁnlpyruvate ABAJ/ NAD* NADH
CoA-8H
AP amp , aop & 6/ /‘
Acetyl-CoA

ATP < IA%- Oxaloacetate P:ruvat

e e HCOy X
Succinate Pyruvate O ol ~Glye 7 NAD' /_Glu NAD* (17 ATP
, : ADP ATP 1 . g ‘X [~ ADP
a” ( : 2 NAD* 2 NADH NAD O!.-KG NADH C( KG NADH
o, Lactat Malonyl-CoA
actate c-Alanine
PrOplonate CoA- SH ATP CoA-SH x ATP Aspartate f NAD(F)H
H;0 ADF 10 # COA—SH""'/\_ NAD(P)*
ADP Lactoyl-CoA 580
[-Alanine——<—-3-oxopropanoate
§ \, H,0
1 COA-SH\ p ukG Glu
Proplonyl CoA 7——\—‘>Acryloyl CoA-jﬁ-Alanyl-CoA
NAD(P)"  NADIPH , MO Ny H,0 NADH ~ NAD"
20 c 18119
" ADP  ATP
3-HP-CoA
5( 0 NADP)  NAD(PH
[\ ConsH Q / )

A 2.7 Fanueddulun1sudn 3-hydroxypropionic acid 3nnnglea

31 : Kumar hagany, 2013

[y

TneflulyineIvesnad

1. lactate dehydrogenase, 2. acetate-CoA ligase/CoA-transferase, 3. lactyl-CoA
dehydratase, 4. 3-HP-CoAdehydratase, 5. 3-HP-CoAhydrolase/CoA-transferase/3-
hydroxyisobutryl-CoAhydrolase, 6. pyruvate carboxylase/carboxykinase, 7. pyruvate
carboxylase, 8. aspartate aminotransferase, 9. glutamate dehydrogenase, 10. aspartate
decarboxylase, 11. B—alanine—CoAammonium lyase, 12. pyruvate-glutamate transaminase,
13. alanine dehydrogenase, 14. alanine 2,3-aminomutase, 15. 4d-aminobutyrate
aminotransferase/ B-alanine-2-oxoglutarate aminotransferase, 16. pyruvate dehydrogenase

complex, 17. acetyl-CoA carboxylase, 18. malonyl-CoAreductase, 19. 3-hydroxyisobutyrate
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dehydrogenase, 20. Lol 0517 FeUsznoudie 3 lauuu tiun a-CoAsynthetase, b-

dehydrogenase Wag c-3-HP dehydratase (Glu: glutamate; 0-KG: at-ketoglutarate).

NPT 2.2 waznIndl 2.7 asdtuin Pyruvate Waz/%#3® phosphoenolpyruvate
(PEP)  uansfinanafifianuddaludinisudn 3-hydroxypropionic acid 31nnglaa dle
nglaagnoandladasléidu pyruvate 2 Tua NADH 2 Tua wiewviadanisasrs ATP 8n 2 Tua
usiagslsfinunandn ATP ansildoraunndsiutuegfusiinveseulesifdduisdeduusay

Y

0 FIvYINYU
Pathway |

pyruvate — lactate — lactoyl-CoA —> acryloyl-CoA —> 3-HP-CoA—> 3-

hydroxypropionic acid

aaa

Tuidieziinsudn ATP 1 lua sie 3-hydroxypropionic acid 1 Tua a1UATeINT

\Wasy lactate Ty lactoyl-CoA 1nTulnatoulesl CoA-transferase

Pathway I

pyruvate —> acetyl-CoA —> malonyl-CoA —> 3-oxopropanoate —> 3-

hydroxypropionic acid

lun1swén acetyl-CoA 1 Tua 31nnglaa 9zld NADH 2 Tua ATP 1 lua was CO, 1
lua S?fﬂumamﬁmﬁ’ummﬁmﬂﬁﬁ%mm%vam%m%’u (carboxylation) Tun1siaey acetyl-CoA
U malonyl-CoA agilnsld CO, 1 Tua way ATP 1 lua wazaziinisia NADPH 2 lua Tuldly

aaa av o

Ugnswnsnnau (reduction) diowdsu malonyl-CoA TUidu 3-hydroxypropionic acid faly

(Rathnasingh wagAnig, 2012) Aetulu Pathway Il U3kl ATP anSivdesd wasieuladl

malonyl-CoA reductase Alslau1savianuld esainain NADH {Wulaunaines

Pathway I

pyruvate/PEP — OAA — aspartate —> [-alanine — 3-oxopropanocate —>

3-hydroxypropionic acid
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Pathway IV

pyruvate/PEP — OAA —> aspartate — P-alanine — PB-alanyl-CoA —

acryloyl-CoA — 3-HP-CoA — 3-hydroxypropionic acid

Taelu pathways Il wag IV Juil 3 Suneuilmileuu Ao pyruvate/PEP — OAA
— aspartate — B-alanine laglun1sifinuiaserarfuendiaduiiedsu PEp luifu
oxaloacetate Tuazld ATP 1 Tua &rondemsvhauveseulssl PEP carboxykinase weilumis
ndufuazlaiiinnsaia ATP aeilegnissufizenlaeieules] PEP carboxylase uenINHaziAn
n13wAm NADH 1 Tua dlonglaa 0.5 Tua iwasuiu oxaloacetate. 1 Tua Fedunandn ATP

Tuodiuarsfinaig (pyruvate/PEP) uay/m3atouledignldlunisiseUfisen (PEP

carboxylase/carboxykinase) T4

Pathway V

pyruvate/PEP —> succinate —> propionate/propionyl-CoA —> acryloyl-CoA

— 3-HP-CoA — 3-hydroxypropionic acid

[ £%
v aa

Fdfazduegiuitinismidn succinic acid wazdl propionate Uuansdina lag
Pyruvate %30 PEP %Qﬂm?%auimﬁu succinate 34 succinate aziUasuseluy propionyl-CoA
Tnenss nieeravdsuluidu propionate nou 310U propionyl-CoA agiinUisen
dehydrogenation Tneiin1sida H eanly 2 luiana il acryloyl-CoA %qazgﬂiamimalﬂ
8w 3-hydroxy propionyl-CoA (3-HP-CoA) a1ntuaziinuiasenlelaslada (hydrolysis) Tédu

3-hydroxypropionic acid Iuﬁqoﬂ lnedtlaglvinandn ATP ans Wiy -1 usid1 propionyl-CoA

Nndulneildeuves propionate WAIHAKEN ATP gvd awwinfiu -0.33

Pathway VI

pyruvate —> o-alanine —> [-alanine — 3-oxopropanocate —> 3-

hydroxypropionic acid
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Pathway VI

Pyruvate — at-alanine — B-alanine — B-alanyl-CoA — acryloyl-CoA —>

3-HP-CoA — 3-hydroxypropionic acid

Tnglu pathways Vi uag VI gnuiuugsduniilesainvinnisaine ATP ¥4
Pathways II, IV ag V lagHandn ATP gnSsie 3-hydroxypropionic acid 1 lua lu pathway VI
Wiy +1 wsilunsal pathways VIl 913981970 1 %30 0 S'ﬁuagjﬁumsmﬁ'au B-alanine Tuidu B-

alanyl-CoA Ttteulwsilalun1saniiunis

[ (%
Y

311 biochemical pathways gnAnAuAuNg 7 301 wuindl 4 Janldawsafingu

=De

a
oalayameslulaunding (thermodynamically unfavorable) lain pathway I, IV, V wag VIl @

A A

3 J0wdefe pathway |, Il wagVl duannsafiaduieslanianeslulauing uazd19aining

awnsandn ATP 19ty pathway VI fianudululdlunisiingsiian Sy pathway VI azdl

Y

UfAsensasuLUaswes B-alanine Ty 3-oxopropanoate Fuduufizeniliaunsaintu
alamaneslulaundnd winldlasundsnu (ATP) uatlgymilanunsaunlalamenisldansassiun
fnududugs waznandneinudududi (Mavrovouniotis, 1996) pathway VI 4lasunns

n319aaulag U Cargill kaglaiin1s91891udndin1suan 3-hydroxypropionic acid a1nnglaa

]
=

Iaeld pathway VI @saunsalinnuidudulasSuiunandnyias (Henry wagamg, 2010; Jiang

Y

a

wazAniy, 2009) Belundruuludagdudsliisieauingdunidlusssuvifaiunsandn 3-

9

hydroxypropionic acid  laannislénglaaidunnasesven  fillesqdunidurssiiagy £.coli

[

wazBafu1aeRuEIgnAnLUaIeiugNIIuWIuaIunsanan 3-hydroxypropionic acid 310

Y

nalaale
2.3.2 NM5W@A 3-hydroxypropionic acid 3MnnaLwasea

nalwasea (glycerol) 813158011 nALwOIU (glycerine 30 glycerin) gnsiAiiAe

S a

CHgO5 Tlassasrsluianailulndena (polyol) dnwausiduvewvian la Lfid Lifindu fsawau
Wntoy (ANUNIUENTINS 60) Hgaiionl 290 s waIded uazAnaoumiad?l 17.8 31-
wades lwluanaivylansenda (-OH) 3 vy Jeilazateinlad  daudflunisduduinlag

(hydroscopic) néweseailudiulsznaundntuluianavedlasndiweslsg (triglyceride) @l
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1%
Y

31NNsTIUAveINGeseaiunsaluiu (fatty acid) 3 lana  leanlalasladunduainiiavse

lodfuanded Ieednsansaivaiieniududismeuvisldnsaludy Tuujisenddlduawndi

yhufAseniuazldindovesnsaludubendiay FenufAseriihaveuifadu (sponification)
Tunszurunmsuasluledwannisiufivuaslutudnl  InvesUsynoumanivesifuiivuay
Tugudasifulasndiwelss (trislyceride) Fuduasusznoumund fiusznausensaluiunazni-
wosen \elasnTwelsdrudivarsisaiitenwdaiiduin wullweadeulensenlad lng
Usinaueanegediiiunevzyiliannsmuiussveinsalutusazieanssed adululefiva

(Biodiesel) uaznawosoadudundnduainanasels 91nUfAse13undn transesterification lne

7 R fie A15UBY 16-18 Bmay TelluseAsening C = C Aaud 1-3 ¢

o
&Y

lunszuIunsnTInnvendweseaty  Iydunsdvainuateyianaiusaldng-

2
v IS

waseandlunstesuuuldenauazuuulildonna  duiuddinisiindweseauldiduansa
fu (wdsnnuew) Wiedunaifiuyad TnsuuafiGefannsolindiwesoaluunasafueuld
Wi Yarrowia, Candida, Rhodotorula wag Enterobacter aerogenes Imaﬁmﬂﬁamwlﬂ%
o1mAazaunsalasundweseardufivlolasiau uazieniuea (Joshson wag Taconi, 2007)
wonani nMsvinuuuldldenniadsaunsanan 1,3-propanediol (PDO) wazNan A9 3IuLy
acetic acid, butyric acid, buthanol, acetone, lactic acid, succinic acid, formate wag 2,3-

Butanediol 1Jusu

aaa

muuﬂaLsuaiaamwumimwuﬂimmmnLLazmmeﬂLﬂﬁamwmlﬂﬂumimﬁ

a

yaras  lage1denisvidnuesgdunsd wu 1,3-propanediol, 2-3-butanediol, ethanol, succinic

Y

acid uay 3-hydroxypropionic acid {ufu nszuIunsusinndweseasunsananlanNanauwnud

a;mmhﬂszmumwﬁﬂmmﬁwmaﬁ’ﬂﬂ nsiasuLUaBINaWwesea (CHgOs: k = 4.67) TUidu

[
==

phosphoenolpyruvate (PEP) %38 pyruvate lngansvisaesazgnudntuduasasindefisuiunig

Tdumanglaa (CoHi0g k=4) nsalalaa (CsHy0s: k=4) wenaninfweseaiindnlnunisndn

'
=

vos9dusduasiiiunanassliangaavnssusng 4 wWu geainnssunisuanaywazlulefivads
flogiuduauunn mwﬂwmwmmmwmmmamaummﬂmmmaﬂa‘lﬂa uazdalaUsumani
i ldindwesealinaailuing “‘U“ﬁ Anennlunisuanansiadanngg {unssuiunisudnlag

[

N3 dwiunmautFong q vesndweseatuuandilumsed 2.3
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M13197 2.3 uansRuaudRveIndieTea

gnsluana C5Hg0;5
AURUILUY 1.26 g/cm?
NADULI 17.8°C
0L5eN 290 °C
WIaluana 92.09382 g/mol
IUPAC ID propane-1,2,3-triol
nsazane azangldluth

Mnmsnvmuiidomizdeniunisluaneilildeendiou Bunidfiaiod
quj Wukueiise lawn Citrobacter, Clostridium, Enterobacter, Klebsiella Way Lactobacillus
anunsalinawesealneg1efiuss@nsain wazaunsanan propanediol (PDO) tunAR MM
wazuuANseusvila WU K pneumonia, L. reuteri Way L. collinoides @1u15na519 3-
hydroxypropionic acid lalnan1seendlad 3-HPA wieniun13a31s PDO (Garai-lbabe LazAag,
2008; Krauter wagany, 2012; Sobolov warAne, 1960; Talarico wazmny, 1988) lInun1suan 3-
hydroxypropionic acid a1nn&aseauszneulumeuiisenvasoulyiisneg W1y 2 pathway

1 CoA-dependent pathway wag CoA-independent pathway wanssfanIng 2.8


https://www.google.co.th/search?biw=1280&bih=705&q=glycerin+iupac+id&stick=H4sIAAAAAAAAAGOovnz8BQMDgzkHnxCnfq6-gaG5hWGylkZ2spV-ckZqbmZxSVElhJWcmBOfnJ9bkF-al2KVWVqQmKyQmTK3_OpTrzsvTvvc4XnDqOyiwpShlwAA0WPVxFQAAAA&sa=X&ei=u3swU9XXLMqciQfe34HQBQ&ved=0CM0BEOgTKAEwFw
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DhaB
Eﬁml X
ATPIPEP naor (Y SA
) / By H0
1 NADPH-
ADP, t
b f “NADH ey
Glycerol-3-phosphate  Dihydroxyacetone NADPH-HOR
a -PEP .
b d sl Pl 3P phosphate
- QHz/ \Pyruvate HE 7N
Dihydroxyacetonephosphate —— Methyl giyoxal ATP ADP
NAD*= ADP-; ~NAD*®
/| |
R ATP < \NADH
Fumarate ~——-— Malate ~——<— OAA"—, Phosphoeno;vg;uvate
Hz0 NAD*  NADH o,
N AP o
BDO)| ——=_— Aceloin ol @& 7, — Pymvate—/pﬁ\—— Lactate )
NAD®  NADH 0, €O,  Pynwate 7 NADH NAD*
CoA-SH ™ _+C0;
H, y - NaDt - [Acetale
] - |
coz>._,Fotmaie | f i
€O, _/\‘JNADH
ADP
NADH AoeM—CoAT/*“\*’Aoeiyl-phosphale
;'l pi  CoA-SH
/ H
NAD* :
NAD* NADH i
Ethanol|-—~—— Acsaldehyde TeA

AT 2.8 uans Metabolic pathways TunszuInnsuMUeaTunawesea W1 2 pathway éud
CoA-dependent pathway Wag CoA-independent pathway

7137 : Kumar wagaaly, 2013

2.3.2.1 N15H AR 3-hydroxypropionic acid 31nnéalgasealaedan CoA-

dependent pathway

70 CoA-dependent pathway Lﬁﬂ%uﬁ]’mmi degradation @135 1,2-propanediol
(1,2-PDO) Feanursanuldly Salmonella enterica (Leal lazmtuy, 2003) &9 1,2-PDO 2ggn
Wasuluu propionaldehyde fateaulasl B12-dependent diol dehydratase (DhaB) e
propionaldehyde 3¢.Ain disproportionation Tananinaiidu propanol Wag propionic acid lag
ordseulginarssdnii1e1usindu Wy propanol dehydrogenase, coenzyme A (CoA)-
dependent propionaldehyde dehydrogenase (PduP), phosphotransacylase (Pdul) i & ¢
propionate kinase (PduW) uazazle ATP Wundnsiueilugisuesnisiia dephosphorylation
Y09n15LUAEY propionyl phosphate lUidu propionate (ANl 2.8) Imamjm@uﬁwmﬁﬁ?%ﬁu
dnsun1TnIUeaTL 1,2-PDO ¥e9 S. enterica agjuuﬁ%mmﬁﬁaﬂdw propanediol utilization

LY

(pdu) (Leal wazaguz, 2003; Liu kagAmuy, 2007; Xue WagAmg, 2008) wanantdsnuinn1inan



18

wulllalu K pneumonia, L. reuteri Wag L. collinoides anaae (Luo wazAmy, 2012) lunsal

[

Y9138 CoA-dependent pathway HawuufAsene o Wusisil

DhaB PduP PduL Pduw
Glycerot —» 3-HPA —> 3-HP-CoA —> 3-HP-phosphate —> 3-hydroxypropionic

acid

A1NAITANBINU I Lactobacillus sp. (L. strain 208-A, L. reuteri hag L.
collinoides), S. enteric wag K. pneumoniae 4n135uan 3-hydroxypropionic acid 1838 CoA-

dependent pathway

Yasuda LagAny (2007) $1847U71 resting cells ¥04 L. reuteri anewugnateillsl
ol glycerol dehydrogenase @1u1san@n PDO 7.2 nSN/anT wag 3-hydroxypropionic

acid 8.5 nSu/ans

Luo wazAmg (2011) lavinns@nuiauandiveseulsyl propionaldehyde
dehydrogenase (PduP) 910 L. reuteri wu3nauleyd PduP daanudimigivaisnsdulungy

aliphatic aldehydes s2ufie 3-HPA wagauisald NAD* way NADP* 1Julaunnimes Tuns

I [

g.J/ % I A o . a0 1 [
VAFBUAITANAUNUIUANUINNIEFINFANU propionaldehyde 1088AN Ky, WaY Vi 110U
1.18 fadluans uag 0.35 gls/dadiniu awudwiu 91 37 ssrwadid pH 7.8 wananildanudn
. =] a . . . a v 1
K. pneumoniae {n111a@11150lun15HEAR 3-hydroxypropionic acid 31nnawesea tagldnay
woulailu pdu operon (Luo wagmniy, 2012) IngaeugnaleaIunsonas 3-hydroxypropionic

acid lalusgiuideaduaieiugund (wild type) uwandliiiuinAanssuiuunuedin (metabolic

' [
a =

activity) liwdsuwdas wenaniinisiinnisuanseaniiiiugdu (overexpression) ¥ed8u pduP

fdulunisiiiun1suda 3-hydroxypropionic acid 8udulaainilioulesd PduP fdusiulunis

W& 3-hydroxypropionic acid lu K. pneumoniae

Luo wazAug (2012) wui1 K pneumoniae @neugnanaliigu pduP was K
pneumoniae agWuguNA fsgaunsiasaulaflndifssiuaudetlusd 15 windaandalued
15 fin1sanasvasinuiuadniizinluaeiugnatseginiuladn lnsaeiugnateiiniswdn 3-

hydroxypropionic acid Uszunad 1.0 nsu/ans Tunan 15 $alus wazlifinsudnsie  Tuvuznans
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fiugunATingsan 3-hydroxypropionic acid eghsieiilaslsyana 2.0 n3u/ans Tunan 25 lus
Tuﬂsaisumawﬁuﬁﬂmaﬁﬁﬂ%mm%aa 3-hydroxypropionic acid 7i#1 waziinn1sAevesad
thanfunanannisavauanudufivan intermediate metabolite 3-HPA (~6 mM) Faileifin
overexpression 988U pduP luangiugnaly wuINseauveINITuAIUeATundveTeayly

s¥AUUNA UATEAUTDY 3-hydroxypropionic acid anald Wazlgaainisiaseiaulnanas

2.3.22 n15u8n 3-hydroxypropionic acid a1nnatgasaalaneda CoA-

independent pathway

d15U70 CoA-independent pathway Hutunsuusnazidunisiaeu glycerol

TUilu 3-HPA Tneofeieulasd Bl2-dependent diol dehydratase (DhaB) WU u@aL59n1S

[
= a

AnUfAzen lngufasendanunsaiaduldlagldioulssl Glycerol dehydratase (GDHD) 4
wouleal GDHt Tu pathway fllaifeenisimniu B12 1u Coenzyme usiogslsAniu GDHt §alaidl
nstlulglunisu@n 3-hydroxypropionic acid tWs1gAaut19lIno00nTLal AIUUNIHER 3-

[

hydroxypropionic acid ag@asaniiunisnielaaniignisindanisivennid  wenanilged

wulaiifiswlusie pathway 48nuilanilsde aldehyde dehydrogenase (ALDH) &wiwiiiilunis
nszAunsiaujiseteendiaduaas 3-HPA Ty 3-hydroxypropionic acid n15%191u983
wulsdviniddosnis NAD Hulaurened  wazieulvdvindaunsathnduunldlngdldogadl
Usransamluannefideondiou  wuailiSouawdn 1wy K. pneumonia wag Lactobacillus sp.
aunsanuiouleyl ALDHs waifanssuvesnisviudiliganndn FaunsuanseenveIRINTIY
oulwsd ALDHs ﬁgﬁaﬁmmﬁwL‘fJuaéﬂaﬁaﬁaﬂszﬁw%mwiummﬁm 3-hydroxypropionic acid
IINNALWDTEA  LABAITNLANAII9173D CoA-dependent pathway na11A®7f CoA-
independent pathway aglufin1sudn ATP wazlifosnis coenzyme A WAt 2 pathway &
anudosnislawrnmesfiviiousufio NAD* %qgﬂa%ﬁqsﬁumﬂmzmumi oxidative metabolism
YeIndwesoanas/Mislunszuiunisaienendidnnseuiuies A MSUNITEUATIENR 3-

hydroxypropionic acid 1ng3f CoA-independent pathway thu udnaeanmil 2.9
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H,O NAD+ NADH /\)g
HO OH ‘J_'d,wﬁ g~ > N0

a/a’H
OH glycerol dehydratase aldehyde dehydrogenase

Glycerol 3-hydroxypropionaldehyde 3-hydroxypropionic acid

A 2.9 uaRINIHER 3-hydroxypropionic acid 1ng38 CoA-independent pathway

1‘71'm : Raj wazmady, 2008
2.3.3 N15uan 3-hydroxypropionic acid lngn1s8asaans acrylic acid wag uracil

flgdunddvansviiafiannnsadeu acrylic acid Tuidlu 3-hydroxypropionic acid ¢t
(Takamizawa wagAnly , 1993) LU Byssochlamys sp. @ 1115068/ 3-hydroxypropionic acid
(4.8 % vA) 910 acrylic acid  wenanddanuiniinisazanes 3- -hydroxypropionic acid
Frnsluseninanisdesaans acrylic acid Tnewdes Geotrichum sp. Wag Trichoderma sp.ﬁ

wenliannninazneulsatiaitavesenavnssulingadl

uenani 3-hydroxypropionic acid @1nsatinlaainn1sn1stesaans uracil Fadu
pyrimidine base  1ng Andersen waganiz (2008) wuinlusyuunisgesaans uracil Jududase
9 nszuunInAunielaves Saccharomyces kluyveri Su wua1snatesdaléwn
uridinemonophosphase QSEJ woululles mnsusulaesnlan way 3-hydroxypropionic acid

Lﬁ@L"ﬂumamﬂm%?jmﬁ’lEJ"UENm'iEJ'E]EJamEJ uracil kagduiugIuin 3-hydroxypropionic acid an

#51931n malonicsemialdehyde Taglgloulay reductase (Fanwdl 2.10)

j) URC1,24.6 0
HN 4 (URK1) H N
)iﬁ g & 12
0] H 0 &

Uracil {Uridine) Urea 3-Hydroxypropionic acid

OH

URC3,5 (ATP)

2 NH, + CO,

H,N
O)"NHQ

Urea

AN 2.10 N13HER 3-hydroxypropionic acid lnga1dunsyuiunisgeuaans uracil

731 : Andersen kazang, 2008
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lne (N1-C2-N3) gniuaseeenunluguveseiie wazgndsvaaissaluiluwenluily
wazA1suaulneenlunnieteulesl ATP-dependent ureaamidolyase  d@3u (C4-C5-C6) gnidae

ganuluzUa 3-hydroxypropionic acid

2.3.4 n15uAA 3-hydroxypropionic acid lagd5)ans 3-hydroxypropionate wag 3-

hydroxypropionate/4-hydroxybutyrate

3-hydroxypropionic acid tuansianaisluigdng 3-hydroxypropionate waz 3-
hydroxypropionate/d-hydroxybutyrate (nwit 2.11) @uduindnsuilsinulilunuaiiGodiman
autotrophic Unstilafianunsanismsuaulaeanledly (Fuchs, 2011; Saini wazaay, 2011) 1
Chloroflexus aurantiacus Fadunuafiedunmziuasfinuanuiou Tnouuafidednaines
Na® 3-hydroxypropionic acid Tu %1195 UIUNITFUATIEALAS WeUSHIUTIBY 3-
hydroxypropionic acid #inanlgiduautiosiios 1.5 lulasluand  udaunsaufuugdvidnng

HangeUulalaenaiu acetate 3 KON asluluenms  wsiuSunas 3-hydroxypropionic acid 7

a -

wanlFuugefigasity 350 lulesTuand easwuldiflomizndsasadluewnsdill propionate
(Holo, 1989) uaﬂmﬂ‘ﬁvé’qwui’g%’ﬂﬁﬁ’qmﬁ'nﬁﬁmwﬂﬁL%Gnﬁmguﬂ Wi Acidianus brierleyi,
Metallosphaera sedula, Acidianus ambivalens, Sulfolobus sp. strain VE6 wae Sulfolobus
metallicus (Hugler wagAM g, 2003; Saini wagAmM e, 2011)  d1nfudgdng 3-
Hydroxypropionate/d-hydroxybutyrate (A 2.11) QﬂWUﬂ%ﬂLLiﬂIULLUﬂﬁL%EJ Metallosphaera
sedula TagAfun1vedduvesisansingdnsionduioulesl biotin-dependent acetyl-CoA
carboxylase uazioulasl propionyl-CoA carboxylase avimififisafunszuiunisnsafiie
arsusulaoenles  Tagitumueddusudusienisiin carboxylation ¥89 acetyl-CoA Tuidu
malonyl-CoA Ingadeiaulsl acetyl-CoA carboxylase waziin1sld ATP 1 luiana 9Nt
Malonyl-CoA anivasuluiu 3-hydroxypropionic acid lagi1u malonate semialdehyde R
Juansiainans wagdnasld NADPH 2 Tuiana @4 3-hydroxypropionic acid %Qﬂméawialﬂ
Hu propionyl-CoA HagN15NANIZUIUNIT carboxylation molUauld methylmalonyl-CoA uag
aziinnszuunisleluwelsduas methylmalonyl-CoA nanetdu succinyl CoA luflan  was

Aena1ndTgInsvisaesfasiifidunisiiuaneedy  egislsiniuaziiulddinin 3-

hydroxypropionic acid @unsandnlaainiizaisueulaesnleatuarnateiunuiaulads
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A & ¢ s ° IR ' Ko
Lu@ﬂ"ﬂqﬂﬂqsﬁﬂqu@u'lﬂ@@ﬂvL“U@N@gs[,u@']ﬂ']ﬁLLaza']llqiﬂuﬁiﬂi‘?ﬂﬂ@ﬂqﬂﬂqﬂﬂqﬁ uanNINUeUU

1 3 Ao = [ v Ao w 1% a a v .
wiaaasueunisimgndeneiluladendrAnyvesununisuandnale Uiang wagAug, 2009)

Malyl-CoA
A

Acetoacetyl-CoA 7= = Acetyl-CoA =
CoA-SH \ H003'$ ATP /

lyoxalat
I Acetyl-CoA ADe:  (Giyoxaiate
NADP* Malonyl-CoA

NADPH
CoA-SH NADP*®
3-hydroxybutyryl-CoA

Malonate semialdehyde

H0 Malate

3-hydroxypropionate A

Crotonyl-CoA CoArSH ATP
AMP
3-hydroxypropionyl-CoA p H,0
3-hydroxypropionate/ :
4-hydroxybutyrate cycle H,0O 3-hydroxypropionate cyclg

4-hydroxybutyryl-CoA Acryloyl-CoA

H,0

NADPH

. Fumarate
NADP A

C FADH,
FADH

AMP

ATP
Propionyl-CoA
CoA-SH HCOy
ATP
4-hydroxybutyrate ADP
Methyl malonyl-CoA
NAD(P)H
NAD(P)*

CoA-SH

Succinate semialdehyde ~= L T2 Succinyl-CoA
NADP* NADPH

A 2.11 NM5uER 3-hydroxypropionic acid Tagd autotrophic H1U3NINT 3-

= Succinate

hydroxypropionate Wag 3-hydroxypropionate/4-hydroxybutyrate

31 - Kumar wagany, 2013

2.4 anuduiuuas 3-hydroxypropionic acid

Tnovhluanudufivyesnsndunidasiinnuduiusiuaruaansalunmsunsinidey
wad  Tasnsndunisiemarivinegmeluwadagluvhasaugaanudunsn-seneluead
wazmauaniUAsuleseululalowanady  anudunsnfifintunglulelamwanaduiavdmalioa
FieauAanssuannis denaturing  vilsaulusifiddaliianunsognadstunasdedindufiay
lanunsads@ineglinely  annzanulunsalulelanaiadudsdmansenundnsaiwaddn

110118 oA AUANNNSabUNISkanAsUANTaIMNShaENNTAS 1 and s unsluwad n1ssnwn



23

aunavespulunsa-mdlulelanatady waznisunledlusiuvasiiouenieluwad (Booth

LarAny, 2002; Roe wagAuy, 2002; Warnecke Lay Gill, 2005)

nsdansnunideanuanwadfedlindnuas Inslanizegsdnisdisanvansaly
dannendiariitevan  lag van Maris wazany (2004) wudiewmdndusesdndsnulunis
YUAHFNNUIDNUBNLARVNAUNTRAINTINTEUIUMTHNAYNSIUe LT anGn s 3-

hydroxypropionic acid kaguaauny (Van Maris Wazaniz, 2004) nalAlAnNanszNnume

o w 13 =

nszvauMswRargnasnuiisi lulglunsasydulanarlglunisvnunddyvensesd 3

o

IzfinAuEemEe1teus e sEULIRaI e uTad kas e iulilamnsa Shunse
gounvuiuedlfiazazdosmeluluiian Jayifadestuanduiivuesnsaaunsoudlald
ydnlasmsdanuasgaunidliidnvanusoan e foviuazansonsinldluaniaz e
N21A1 pKa ¥84n39 (Warnecke Wwag Gill, 2005) srudansldanadudnfiuievlusyning
nsguauNITudn  whealuannisiia 3-hydroxypropionic acid uaﬂﬁ]’mﬁﬂmmﬂuﬂmﬁﬂlﬂu

ATUNIUNTTIUTD 00D UNTINIZLIZWNUATZUIUM TN Y NEIUNeluad  Tag

(%
o

GRRPUSAIRTENZ R 3-hydroxypropionic acid 9g1A81U837UN1TTUTIINVDS chorismate Wag
. 1 = a | < A a A A A
threonine  agslsAmuiinimagsuaununudeaulunsnvesLuafissidIunslAauBun

LﬁEJ’J“ﬁENﬁJUﬂ?iLLﬁﬂx‘i@@ﬂ%@ﬂL@Ui‘?ﬁﬁiuaa chorismate Wag threonine NUSIULANANNAN WU

a o =

wuATLSsInadAunudeaNdunsauInTueg el tedan ieiinisiivaisiuaualadn

o

W8I0INUAE chorismate wag threonine adluluavsidests (Warnecke wazmy, 2012)

3-hydroxypropionic acid #anutduiivnenisiasyidvlnvewaadiduifeadiunsa

dunidutindue  lavlutisszuznisasgiiulatielalevede K pneumonia wag E. coli @

Y

sndnsAndedud  wuiildnsIn1swan 3-hydroxypropionic acid g4dia 200-300 Hadluans

iﬂ

'
o w =

urn1sNanvranasegslitudrilodu 3-hydroxypropionic acid aslue msegiemoliioy Lay

o

WUIBATINITIRT YRR waaTIuEINSIdna1eToalagn15Han 3-hydroxypropionic acid
Yuanasegsraiiionduiy (Kumar wazAny, 2012; Ashok wagmAae, 2013; Rathnasingh uag
Amy, 2009) uenANElATNIMadeulngT T ABIAunISluesfiininfundwesen
AILTUTY 100 Hadluans  LazatideuANUdLiuSURINIAnNEA M 3-hydroxypropionic
acid AuUIu1d 3-hydroxypropionic acid ﬁgmamaqlﬂmmmauaﬂ wudnilewdy 3

hydroxypropionic acid #iaansdudu 0, 120, 270, 530 wag 790 lulasluans fn1sudn 3-
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hydroxypropionic acid i1y 27.5, 17.7, 10.8, 6.2 tay 7.8 Jadluans auaisu Feazmiulean

dasnsuananatesLiulate

agalsiaunanuiviiveaneluladuaznsieszidlufinludegiulagniunly
Tudlednwinalniiiesdostunsdudinsssaydulmenteuvaiids  Anwasussnouiluiy
LLazﬁﬂwmaqmé@i’Nﬂﬁaﬂmmé’ug’amiﬁﬂé’ (Dunlop, 2011; Jarboe UagAng, 2011) lnenagmns
fldlunsuiuysannumunudeasivsznoudie ssuunsuudsansvessad nsUuasy

WALUTY WaznSmevaussnansinacy WWudy (Alper Lagmug, 2006)

2.5 11311 3-hydroxypropionic acid lUuszandldeu

3-hydroxypropionic acid 9aduans building blocks Sugufianuaniianun 12 sudu

[

Fermdenlay US Department of Energy (DOE) (Werpy and Petersen, 2004) @1u1saasnale
nnsdsuntatanstinna Wduanssmnansunsduameiasuszneudunisfivainans
a15Usgnovdunsdwandldifudinarslunisudnaisiail du acrylic acid, 1, 3-
propanediol(PDO), methyl acrylate, acrylamide, ethyl 3-hydroxypropionic, malonic acid,
propiolactone acrylonitrile (Al 2.12) wananis 3-hydroxypropionic acid §elg1dudavin

vanglundnfasindeulndwes ndnsurvaodusazarstostulniadndmsudme wioeald

o

Judandmiuujisen cyclization wazufiisen polymerization lun1suén propiolactone,

o—

polyesters wag oligomers lnglaniglnaiuasnnanlaannn1snaumiues 3-hydroxypropionic
. A a 1 . . . = o Y (Y] o [ (Y =

acid 38n31 poly 3-hydroxypropionic acid sza’m7mu’mWI%Lqua@aﬂﬁiUﬂﬁiwﬂmﬂLLazm KN

fondudduinsuietuluinisunme way poly 3-hydroxypropionic acid feausagesaans

o

TanstinmuazidunedwesnidnsnnlunisinunldunundnsusinlaanUlnsde
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CHEMICAL
CONVERSION

BIOLOGICAL
CONVERSION

OH  Glycerol
OH
H)C=C=0 + H,C=0
Ketene Formaldehyde = HO. /
0 X / H : 004
oH M
HO N HO H
Acrylate 8 ’/’ H OH
\ Glucose
Ho ™~ ¢ NaCEN H

Ethylene Sodium
Chiorohydrine  Cyanide

1,3-Propanediol \ ‘ OH
HO_~20 T
3Hydroxypropanal 7 W H
* \ H OH
0 ' / \\ on Galactose
f‘ok +CO+H,0 / N
Vinyl acetate 7 . & il(“°'°“
3 \\ \OH OH “
’?H;\A:o?ﬂ \\ H H Mannose

Other unrelated
carbon sources

AN 2.12 asnsdumaaiinagnediinmiianunsaldlun1sdaunsizsi 3-hydroxypropionic acid
wazNAnAagINlaan 3-hydroxypropionic acid

‘171"341: Valdehuesa wagaedy, 2013



