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ABSTRACT

2,3-Butanediol (2,3-BDO) is a chemical building block with wide industrial applications for
food flavors, cosmetics, synthetic rubber and biosolvents. Saccharomyces cerevisiae can be
used as a host which is an alternative to 2,3-BDO producing bacteria. To produce 2,3-BDO
with high yield and titer, it is required to engineer S. cerevisiae by intensifying 2,3-BDO
biosynthetic pathway and deleting competing pathway such as ethanol and glycerol pathway.
Also, 2,3-BDO production from lignocellulosic and marine-algae biomass can make the
2,3-BDO production more economical and sustainable. These processes can be obtained by
facilitating assimilation of carbon sources including xylose, cellobiose and galactose in S.
cerevisiae along with 2,3-BDO biosynthetic pathway. These cutting-edge technologies of
metabolic engineering enable S. cerevisiae to be a promising microbial host for 2,3-BDO

production with industrial applications.
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Fig. 1. Stereoisomers of 2,3-butanediols.
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1. 2,3-BDO A} B=9| Y3t

S. cerevisiaeO A 2,3-BDO ASHAJof Talst= o
2ol mak ARo] EAdch SR BFR
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synthase?} BlERERlolo] ZAfelol 9iH0R Befeh
A AR E 71X QItkFig. 2). ESE g-acetolactate
2 acetoin® & H3FA]7]= HRSo] F4 HRSo] opd
A ghgof ojx|skar Qlo} A&l wh-gof Hish
WESHolt. ol2lat BAE FRe] ko] 9
2 8 JA9l g-acetolactate synthase, @-acetolactate
decarboxylaseE E=9J5}0] 82407 g-acetolactateS:
acetoin® 2 A = = B F=27T 55
ATHKim et al., 2017a). Bacillus subtilis 2] a-
acetolactate synthase®@} E. aerogenes®] a-acetolactate
decarboxylase®} acetoin reductaseE =51 0.02 g/g
o] 4287 23-BDOS AJAFSIZT(Ng et al., 2012), B.
subtilis 32 2] a@-acetolactate synthase@} ¢-acetolactate
decarboxylaseS = U S. cerevisiae AA|9] 2,3-butanediol
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AYarEo] 108 0]432] 2,3-BDOE ABAFSHATHKim et
al,, 2013).
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* The superscripts in the enzyme names present as follows:

Bs, B. subtilis; Ct, C. tropicalis; L1, L. latis

* The names of enzymes are abbreviated as follows:

ALS, a-acetolactate synthase; ALDC, e-acetolactate decarboxylase; BDH, 2,3-BDO dehydrogenase;
PDC, pyruvate decarboxylase; ADH, alcohol dehydrogenase; GPD, glyceraldehyde-3-phosphate

dehydrogenase; NoxE, NADH oxidase

Fig. 2. Strategies for 2,3-butanediol production using metabolically engineered S. cerevisiae.
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£ AWISIAI7 1= T WA 92 Lactococeus lactis 320
9] water-forming NADH oxidase(NoxE)S S. cerevisiae
ol =dsk= Wiiolth. 2,3-BDO AHRM3 A=t 243t
H Pdc o] #F0f| o] §4F TUT AL, o] 24V}
LEJER] o2 o] Blsf 2,3-BDO 4+&0] 24% ¥
=13, ZEAE F30] 65% A= ATHKIm et al,
2015). SHAINE STAIES] S2E = 7F A5
S 2YAIE AT AEE Adsle Zeld 27
A& AR B2 At} NoxE 84:9] =YL 5ot
o] o2 & 82%2] 2,3-BDOE 1.43 g/L/h®] P4t
07 Z 73 gL AAFFETHKim and Hahn 2015). T}
uo 2 Su|2.2 NADH AJAksHe] WO 2 Crabtree-
negative A7 9] PdcE T Y3H= Aot} S. cerevisiae
o 22 Alle XTgof o] Tof Tofdt a4
Uo] A Bg Abh ZHAME S5 4l ofekE
ABH 22 HaIs Boto] sigagolA AAdE
NADHE AAESHAFILE o] gt S 55 Crabtree-positive
yeast2}al P, Candida tropicalis, Kluyveromyces

Hore g

4

marxianus®} -2 crabtree-negative yeasto] H|3] =2

Pdc EA)S YEPHtH(Flikweert et al., 1996; Pronk et
al., 1996). W=k ¥ 4S8 YElYE= C tropicalis
L#9] PdcS Pdc7} AE S. cerevisiaeo] EYU3FH
A% FE9 g2 A/SHH, NADHE At} A2
= Itk NoxE &9 9 287 Abag AlAES 3
=Jsto] 0.40 g/g9] 2,3-BDO &3} 1.98 g/L/ho] AY
A 0= 154.3 g/L9] 2,3-BDOE AJAIATHKIm et
al., 2016).
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A& Ad AFAE polyploid S. cerevisiaes Ha-F32
st} 2,3-BDOE A A3 B E|QlthLee and
Seo, 2019). CRISPR-Cas9E ©]&5}o] polyploid S.
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2 AABISICHKim et al, 2014), 271402 Eetlo]
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S. cerevisiae WO 27} TpEslo] 0.58 g/L/ho] YAk
Moz zjola AzHE 968 g/1o] 23-BDOZ WAkst
Jrh(Kim et al., 2017b). ES} cellobioseZH-E] 2,3-BDO
E XA A7t Ha1ERic). Cellobiose transporter?}
B-glucosidase”} 2,3-BDO A A=2e} $H =dH
A ZGE S, cerevisiae= cellobioseS 7|42 AlE5}lo]
5.3 g/L9] 2,3-BDOE AASIItH(Nan et al., 2014).
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ZHEA] FA LS fIste] ARl Mth1E T
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AF 23-BDOS 5 SlekEzt o] TIPS
27 2-8E 4 QIthKim et al., 2014). SFA|TF A
NADH Extg o2 Q1% SCNE] 543 Al 4%
z{ 3] AARS ZF ¢ WAsEHA, AESE S, cerevisiae
0|83t 2,3-BDO JA+5% % é‘ﬁ Hom FEs| &
25 2 9L FXE Y Az,
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2zt ZHXE’ S. cerevisiaeZ 0183t 2,3-BDO
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Table 1. 2,3-Butanediol production from different carbon sources using engineered S. cerevisiae

Culture 2,3-BDO
Mother Genetic  Overexpressed — : — Refer-
strain modification genes Carbon  Cluture Productivity Yield Productivity o
source mode (g/L) (g/g) (g/L/h)
BsalssS,
CEN.PK2-1C Aadhl BalsD, Glucose Fed-batch 29.1 N.M. 0.29 (7]
S*BDHI
Aadhl,
Aadh2, Bs
Aadh3, B;’;;g
CEN.PK2-1C Aadh4, So ’ Glucose Fed-batch 72.9 0.41 1.43 [13]
BDHI,
Aadhs, UoxE
Agpdl,
Agpd?
Apdcl, BsalsS,
D452-2 Apdcs, BsalsD, Glucose Fed-batch 96.2 0.28 0.39 [6]
MTHI _A81P  S°BDHI
Apdcl, Bsalss,
D452-2 ApdcS5, EaglsD, Glucose Fed-batch 132.4 0.34 0.41 [18]
MTHI _A81P  SBDHI
Bs
L
D452-2 ApdcS5, e ’ Glucose  Batch 29.4 0.37 0.40 [12]
Apde BDH1,
¢
P YnoxE
Bsalss,
Apdcel, BsalsD,
D452-2 ApdcS5, SBDHI, Glucose Fed-batch 154.3 0.40 1.97 [11]
Apdc6 YUnoxE,
“PDCI
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Table 1. Continued

Cult 2,3-BDO
Mother Genetic Overexpressed b 4 urel ductivi — 1 ductivi Refer-
strain modification genes Carbon  Cluture Productivity Yield Productivity ence
source mode (g/L) (g/g) (g/L/h)
Apdcl, BsalssS,
Apdcs, BsalsD,
D452-2 Apdcé, SBDH] Glucose Fed-batch 108.6 0.46 1.55 [19]
Agpdl, ‘LlnoxE
Agpd? “pDCI
Bs
ApdCI s Bs allsg’
JHS200 Apdcé, gchH’] Glucose Fed-batch 178.0 0.36 2.64 [14]
Aadhl Ll
noxk
BalsS,
Bs
IsD
ApdCI s Sc iy ;
D452-2 Apdes, SSBDHII , Glulcose’ Fed-batch 436 027 020  [I5]
MTHI AS1P YL xylose
- SXYL2,
SCXYL3
Bsalss,
BsalsD,
S*BDHI,
SSXYLI,
Apdcl, SSXYL2, Glucose,
D452-2 Apdes, SXYL3, xylose fed-batch 96.8 N.M 0.58 [16]
Ss XYL ]mut,
SSTALI
YnoxE
“PDCI
Bs
Apet,
D452-2 Apdcs, Ne,, dt]’ Cellobiose  Batch 53 0.29 0.22 [17]
MTHI A81P Ne 4
- ohl-1,
Apdl, SC%}"'I;(I)S%VZ’ Glucose
CEN.PK2-1C Apdcs, SCBDHJ’ 1 > Fed-batch 100 N.M. N.M. [8]
Apde6 [ , galactose
y4 truncated § oy y 7
Apdcl, Bsalss,
Apdc5, BsalsD, c
D452-2 Apdc, “BDHI, ;iiavaj Fed-batch 474  0.39 1.03 [19]
Agpdl, YoxE, ydrotysate
Agpd? “ppCI
Bs
JHS200 ﬁ”iﬁcé’ lelssg Cassava o batch 132 0.32 1.92 [14]
paco, SBDHI,  hydrolysate ~ <o 0'C : :
Aadhl LanXE

* The superscripts in the enzyme names present as follows:

Bs, B. subtilis; Ct, C. tropicalis; Ea, E. aerogenes, L1, L. latis; Nc, N. crassa; Sc, S. cerevisiae,
Sceyto, S. cerevisiae cytosolic; Ss, S. stipitis.

Genes coding for enzymes as follows:

adhl, adh2, adh3, adh4, and adh5 genes, alcohol dehydrogenase; gpdl and gpd2 genes, glycerol-3-phosphate
dehydrogenase; pdcl, pdc5, and pdc6 genes, pyruvate decarboxylase; alsS and ILV2 genes, a-acetolactate
synthase; alsD gene, @-acetolactate decarboxylase; BDHI gene, 2,3-BDO dehydrogenase; noxE gene,
NADH oxidase; XYLI gene, xylose reductase; XYL2 gene, xylitol dehydrogenase; XYL3 gene, xylulose
kinase; TALI gene, transaldolase; cdtl gene, cellodextrin transporter; ghl-I gene, intracellular g
-glucosidase; MTHI gene, transcriptional regulator involved in the glucose-sensing signal transduction
pathway.

* N.M. not mentioned.
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Fig. 3. Comparison of 2,3-butanediol production by metabolically engineered S. cerevisiae with that by

other 2,3-BDO-producing bacteria.
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