
 

 
 
 
 
 
Supp
 
Constr
surfac
 
 
Marimu
Chiao H
 
Jui-Jen 
Email:  
 
 
This PD
 

 

 

 

 

 

 

plementa

ructing a 
ce  

uthu Anandh
Ho, Chieh-C

Chang, and
lancecjj@g

DF file incl

Fig. S1 to S
Tables S1 t
SI referenc

ary Info

yeast to e

haraj, Yu-Ju
Chen Huang

d Wen-Hsiu
gmail.com a

ludes: 

S17 
to S6 
es 

rmation

express th

u Lin, Rizw
g, Jan-Fang 

ung Li 
and whli@u

1 

n for 

he largest

wana Parvee
Cheng, Jui-

uchicago.ed

 

t celluloso

en Rani, Esw
-Jen Chang

du 

ome comp

war Kumar 
, and Wen-H

 

plex on th

Nadendla, M
Hsiung Li 

e cell 

Meng-

www.pnas.org/cgi/doi/10.1073/pnas.1916529117



 

 

SI App

Fig. S1

cell wal

Fig. S2
fusion p
enzyme
Docker
α-F: α-m

pendix Fi

. Cell surfac

ll. Plasmid c

2. Conversio
plasmid. b, 
es. Promoter
in T from C
matting fact

igures 

ce display o

constructs u

on of free 
C-terminal

r: Lac4, SP
Clostridium
tor, CBM: c

of the Sacch

used for the

cellulases i
l dockerin f
: Signal pep

m thermocel
cellulose bin

2 

haromyces c

e expression

into the cel
fusion plasm
ptide (Kluyv
llum, MCS:
nding modu

cerevisiae G

n of ScGPI f

llulosomal m
mid. c, Dom
veromyces l
 multiple c

ule.     

 

GPI anchor o

fused with G

mode. a, N
main organ
lactis α-mat
loning site,

on K. marx

GFP.  

 

N-terminal d
nization of c
tting factor)
, Terminato

ianus 

dockerin 
cellulase 
), DocT: 

or: Lac4, 



 

Fig. S3
assayed
thermoc
restorat
dockeri
specific
complex
deviatio

 

. Effects of 
d after the N
cellum and 
tion was pe
in CBHII-t 
c substrates
x formation
on (SD).  

f dockerin fu
N- or C- ter

the positio
erformed by
(a), EgIII-t 

s, and for t
n at 37°C f

usion on the
rminal dock
on of ‘t’ d
y the addit
(b) and Np

the CBM r
for 3 h. Th

3 

e cellulase e
kerin fusion

denotes N-
tion of Sca
paBGS-t (c)
restoration, 

he results w

enzyme acti
n. The ‘t’ re
or C- term

afT (contain
). The enzy

enzyme a
were express

ivity. The en
epresents D

minal DocT 
ning a CBM
me activity
ctivity was
sed as mean

 

enzyme activ
Dockerin T 

fusion. Th
M and Coh
y was assaye
s assayed a
n (n=3) ± s

vity was 
from C. 

he CBM 
hT) with 
ed using 
after the 
standard 



 

 Fig. S4
modelin
(d) and 

4. Three-di
ng. The pre
MtCDH-t (

imensional 
edicted struc
(e). The doc

structures o
ctures of Tr
ckerin modu

4 

of dockerin
rEgIII-t (a)
ule is highli

n fused enz
, CBHII-t (
ighted using

zymes predi
(b), NpaBG
g golden col

icted by ho
GS-t (c), TaL
lor.      

omology 
LPMO-t 



 

Fig. S5
marxian
integrat
PCR an
extracte
(bp) of 
S1274-F
anchori
the bott
the actu
CipA. F
CipA0B
glycosy
(http://w

 

 

 

5. Chromoso
nus genom
tion.  Chrom
nalysis of 
ed using Qu
f each gene 
F and S127
ing host exp
tom of each
ual size, wh
For example
B9C, 1B9C
ylation 
www.cbs.dt

omal integr
me. (A) Sin
mosomal in
CipA varia

uick Extract
is given at

76-R prime
pressing Cip
h lane. The m
hich might b
e, CipA1B3

C and 2B9
sites w

tu.dk/servic

ration of ge
ngle gene 
tegration an
ants in K. 
t solution an
t the bottom

er pairs. (D)
pA variants.
molecular w
be due to th
3C and 1B6
9C each co
were pre

es/NetNGly

5 

ene cassette
cassette i

nd expressio
marxianus

nd used as 
m of each l
) Western b
. The molec
weight of ea
he presence 
6C each con
ontain 5 p
edicted 
yc/) 

s into LAC
ntegration. 
on analysis 

chromosom
a template 
lane. Each 
blot analys

cular weight
ach CipA pr
of multiple

ntain 4 poten
potential N

using 

C4 locus of 
(B) Multi
of CipA va

me. The g
for PCR ve
gene was a
is of scaffo
t of each pro
rotein was s
e N-glycosy
ntial N-glyc
-glycosylati
NetNGlyc 

the Kluyve
iple gene 
ariants. (C)

genomic DN
erification. T
amplified u
oldin hosts 
otein is indi
slightly hig
ylation sites
cosylation s
tion sites. 

1.0 

 

romyces 
cassette 

) Colony 
NA was 
The size 

using the 
and the 

icated at 
gher than 
s in each 
sites and 
The N-

Server 



 

Fig. S6
specific
(c) We
membra

 

6. Analysis o
c primers. (b
estern blot 
ane after str

of yeast cel
b) Western 

analysis o
ripping.  

ls expressin
blot analys

of selected 

6 

ng OlpB-Sc
sis of select
d transform

GPI. (a) Co
ted transform

mants using 

olony PCR a
mants using

anti-Flag 

analysis usi
g anti-His a

antibody 

 

ing gene 
ntibody. 
and the 



 

Fig. S7
on the 
using G

 

 

 

 

 

 

7. Confirma
K. marxian

GFP or CFP.

ation of Olp
nus cell sur
. 

pB-ScGPI an
rface confir

7 

nchoring on
rmed by im

n cell surfa
mmunostain

ce. Anchori
ning and co

ing of OlpB
onfocal mic

 

B-ScGPI 
croscopy 



 

Fig. S8
size-exc
aggrega
SDS-PA
chroma
molecu
chroma
SDS-PA
observe
at the O
on DocT

8. Purificati
clusion chr
ates and mo
AGE. b, T
atogram po
lar weight,

atogram of D
AGE. d-g, M
ed at the Cip
OlpB peak, 
T and was i

ion and con
romatograph
onomeric so
The SEC p
ssesses thr
, and the 
DocT colou
Mass spectr
pA peak, all
all of which
identified as

nfirmation o
hy (SEC) o
oluble OlpB
purified Cip
ree peaks, 
resultants 

ured in gree
rometry ide
l of which w
h were iden
s DocT usin

8 

of celluloso
of OlpB co
B. Correspon
pA chroma
among wh
were conf

en and vali
entification 
were identif
ntified as O
ng mass spe

omal protei
loured in r
nding prote

atogram illu
hich peak 
firmed by
idation of th
of purified 
fied as CipA
lpB. g, A s

ectrometry. 

ns.  a, Sch
red. Chroma
eins were co
ustrated in 
3 correspo
4-15% SD

he protein p
proteins. d,

A. e, Five ba
ingle clear 

hematic dia
matogram re

onfirmed on
blue colo

onds to th
DS-PAGE. 
presence on
, Three ban
ands were o
band was o

agram of 
presents 
n 4-15% 
our. The 
he CipA 

c, SEC 
n 4-15% 
nds were 
observed 
observed 

 



 

Fig. S9
formati
DocT. T
were an
spectrom

9. Mass s
on was con
Then comp
nalysed usin
metry and i

pectrometry
nducted at 
plex was fu
ng 4-15 % 
dentified as

y identifica
37°C for 3

urther purifi
SDS-PAGE

s CipA and 

9 

ation of th
3 hours with
ied using S
E. The obs
DocT. 

he CipA:D
h equimola

S200 SEC c
erved two b

ocT comp
ar ratios of 
column and
bands were

plex. The c
purified Ci

d fractions a
e analysed b

 

complex 
ipA and 
at peaks 
by mass 



 

Fig. S1
were ob
contain 
proteins
in the n
OlpB, r

10. The nat
bserved and

both CipA
s. The varia

number of C
respectively

ive-PAGE 
d each prote

A1B9C and 
ation in the 

CipA’s bindi
y.  

analysis of
ein band wa
OlpB prote
molecular w

ing to OlpB

10 

f the compl
as identified
eins, thus co
weight of th

B. d,e, The b

lex formatio
d using mass
onfirming th
he complex
bands d and

on of CipA
s spectrome
he interactio
x might be d
d e were iden

A:OlpB. Fiv
etry. Bands 
on between 
due to the v
ntified as C

ve bands 
1-3 (a-c) 
the two 

variation 
CipA and 



 

Fig. S
CipA1B
ratios a
was loa
conjuga
thus con
NetNGl

 

 

11. Cellulo
B9C, NpaBG
and allowed
aded into 4
ated anti-Hi
nfirming th
lyc 1.0 serv

osome com
GS-t, and ce

d to form co
4-15% nativ
is antibody. 
he complex 
ver (http://w

mplex form
ell lysate of
omplexes at
ve-PAGE a
The migrat
formation.

www.cbs.dtu

11 

 

mation anal
f OlpB-ScG
t 37°C with
and then w
tion of band
b, N-Glyco

u.dk/service

lysis. a, C
GPI were mix
h 10mM Ca
western blot
ds denotes t
osylation pr
es/NetNGlyc

Concentrate
xed togethe

aCl2. The ce
t was perfo
the increase
rediction res
c/) 

ed supernat
er in differen
ellulosome c
ormed usin
ed molecula
sult of BGS

 

tants of 
nt molar 
complex 

ng HRP-
r weight, 

S-t using 



 

Fig. S1
selected
DNA w
The siz
Highlig
and BG
Supplem

12. PCR co
d and sub-c

was extracte
zes (bp) of
ghted numb
GS-t (c) a
mentary Tab

onfirmation
cultured for 
d using Qui
f each gene
ers are hos

and selecte
ble 3.       

n of the ce
three gene

ick Extract 
e and prim

sts with pos
ed for acti

12 

ellulase hos
erations to o
solution an

mer pairs a
sitive PCR 
ivity assay

st (CH). Th
obtain stabl
d used as a 

are given a
confirmatio
. The prim

hirty coloni
e transform
template fo
t the botto
on of CBHI
mer sequen

ies were ra
mants. The g
or PCR veri
om of each
II-t (a), Eg
nces are l

 

andomly 
genomic 
fication. 

h figure. 
gIII-t (b) 
isted in 



 

Fig. S1
(CH) ex
transfor
assay u
Soluble
condens
protein 
All enz
calculat
deviatio

 

 

13. Enzyme
xpressing T
rmant numb
using CMC 
e sugar relea
sed culture
concentrati

zyme assays
ted using t
on (SD). *P

e assay of th
TrEGIII-t, C
bers. a, CB
as the sub

ase assay us
 supernatan
ions were c
s were cond
the DNS m

P< 0.05, **P

he engineer
CBHII-t an

BH activity 
bstrate. c, B
sing avicel o
nt of the C
alculated us

ducted at 40
method. The
P< 0.01; one

13 

red cellulas
nd NpaBGS

assay using
BGS activity
or filter pap

CH host wa
sing BSA a
0°C with 12
e results ar
e-way ANO

e host. Enz
S-t. The num
g PASC as
y assay usi
per as the su
as used as 
as a standard
200 rpm. T
re expresse

OVA follow

zyme assays
mbers after

s the substr
ing pNPG a
ubstrate. For
an enzyme
d and used 
he reducing

ed as mean
wed by Bonf

s of cellula
r CH repre
rate. b, EG 
as the subs
r all enzym
e source an
for enzyme

g sugar rele
n (n=3) ± s
ferroni post 

 

ase hosts 
esent the 

activity 
strate. d, 

me assays, 
nd equal 
e assays. 
ease was 
standard 
hoc test. 



 

Fig. S1
and sub
extracte
(bp) of 
number
selected

 

4. PCR con
b-cultured fo
ed using Qu
f each gene 
rs are hosts
d for activity

nfirmation o
or three gen
uick Extract

and the pr
s with pos
y assays. Th

of the booste
nerations to 
t solution an
rimer pair a
itive PCR 
he primer se

 

14 

er host (BH
obtain stab

nd used as 
are given a
confirmatio

equences ar

H). Thirty co
ble transform
a template 

at the bottom
on of LPM
re listed in S

olonies were
mants. The 
for PCR ve
m of each f

MO-t (a) an
Supplement

e randomly 
genomic D

erification. T
figure. Hig
nd CDH-t 
tary Table 3

 

selected 
NA was 
The size 

ghlighted 
(b) and 

3.       



 

 

Fig. S1
express
number
substrat
the Am
fluoresc
BH hos
using B
40°C w
*P< 0.0

5. Enzyme 
sing TaLPM
rs. LPMO 
te for CDH

mplex Red/H
cence spectr
st was used

BSA as a sta
with 1200 rp

  05, **P< 0.0

assays of th
MO-t, and M

and CDH 
, which don

HRP assay k
rophotomet
d as an enz
andard and 
pm. The re

  01; one-way

he engineere
MtCDH-t. 
activity as

nates electro
kit and Exci
ter. For all e
zyme sourc
used for en

esults are ex
y ANOVA f

15 

ed booster h
The numbe

ssays using
ons to LPM
itation/Emi
enzyme ass
e and equa
nzyme assay
xpressed as
followed by

host. Enzym
ers after B

cellobiose
MO. The H2O

ssion was m
says, conden
al protein c
ys. All enzy
s mean (n=
y Bonferron

me assays of
H represen

e (a) or asc
O2 release w
measured at
nsed culture
oncentratio
yme assays
3) ± standa

ni post hoc t

f booster ho
nt the trans
corbate (b)

was measure
t 530/590 n
e supernatan
ons were ca
s were cond
ard deviatio
test. 

 

osts (BH) 
sformant 
) as the 
ed using 

nm using 
nt of the 
alculated 
ducted at 
on (SD). 



 

Fig. S1
confirm
was ext
size (bp
Gene-F
mRNA 
Univers
calculat
extracti

6. Chromos
mation of ce
tracted usin
p) of each g
F and DocT

expression
sal ProbeLi
ted using th
ion was don

somal integ
llulosomal 

ng Quick Ex
gene is given
T-R primer p
n levels of c
ibrary Syst

he expressio
ne using the 

gration and e
enzyme gen

xtract soluti
n at the bott
pairs. b, Qu
cellulase ge
em (Roche

on of the end
yeast cells 

16 

expression a
nes in the K
ion and used
tom of each
uantitative 

enes inserted
e). The rela
dogenous a
cultured fo

analysis of 
K. marxianu
d as a temp
h lane. Each
PCR analy
d into the E
ative expres
actin gene as
r 3 days at 4

the enzyme
us genome. 
plate for PC
h gene was 
ysis of enzy
EH host we
ssion ratio 
s the referen
40°C.  

 

e host (EH).
The genom

CR verificati
amplified u

yme hosts. 
ere calculate

of each ge
nce. The tot

. a, PCR 
mic DNA 

ion. The 
using the 
Relative 
ed using 
ene was 
tal RNA 



 

  

Fig. S1
and Cip
experim
10:3) a
reducin
mean (n

 

 

 

 

 

 

 

 

7. Effects o
pA variants

ment. The e
and allowed
ng sugar rel
n=3) ± stand

of CipA var
s were cultu
enzyme vari
d to form c
lease was m
dard deviati

riants on avi
ured separa
iants and C
omplexes, 

measured us
ion (SD). 

17 

icel (a) or P
ately and co
CipA were m

which were
sing the DN

PASC (b) d
ondensed su
mixed in d
e then mix
NS method

egradation. 
upernatants
ifferent rati
ed with avi
. The result

 Enzyme ho
s were used
ios (10:1, 1
icel or PAS
ts are expre

 

ost (EH) 
d for the 
10:2 and 
SC. The 
essed as 



18 

 

SI Appendix tables 

Table S1: Bacterial and yeast strains used in this study  

Strains Genotype or relevant features Reference/Source

Bacterial strains 
Escherichia coli DH5α F- Φ80lacZΔM15 Δ (lacZYA- argF) U169 

recA1 endA1 hsdR17 (r-
K, m

+
K) phoA supE44 λ- 

thi-1 gyrA96 relA 

Real Biotech 
Corporation, 
Taiwan 

E. coli JM110 rpsL (Strr) thr leu thi-1 lacY galK galT ara 
tonA tsx dam dcm supE44 ∆(lac-proAB) [F´ 
traD36 proAB lacIq Z∆M15] 

Stratagene, USA 

E. coli BL21 His-MBP-
DocT 

E. coli BL21 carrying pET9a-His-MBP-DocT This study 

Yeast strains 
Kluyveromyces marxianus 
4G5 

Wild type strain isolate from kefir grains Lee et al., 2018(1) 

K. marxianus CH-17 Chromosomally integrated with three cellulases 
(CBHII-t, TrEgIII-t, and NpaBGS-t). *SM: 
Kanamycin 

This study 

K. marxianus BH-20 Chromosomally integrated with cellulase 
booster and its enzyme partner (TaLPMO-t and 
MtCDH-t). SM: Hygromycin 

This study 

K. marxianus EH-P1-44 Chromosomally integrated with three 
cellulases, cellulase booster and its enzyme 
partner (CBHII-t, TrEgIII-t, NpaBGS-t, 
TaLPMO-t and MtCDH-t). 
SM: Kanamycin and Hygromycin 

This study 

K. marxianus CipA1B3C Chromosomally integrated with CipA1B3C. 
SM: Hygromycin 

This study 

K. marxianus CipA1B6C Chromosomally integrated with CipA1B6C. 
SM: Hygromycin 

This study 

K. marxianus CipA1B9C Chromosomally integrated with CipA1B9C. 
SM: Hygromycin 

This study 

K. marxianus CipA0B9C Chromosomally integrated with CipA0B9C. 
SM: Hygromycin 

This study 

K. marxianus CipA2B9C Chromosomally integrated with CipA2B9C. 
SM: Hygromycin 

This study 

K. marxianus OlpB-ScGPI Chromosomally integrated with OlpB-ScGPI. 
SM: Kanamycin and Hygromycin 

This study 

K. marxianus SH-0B9C Chromosomally integrated with OlpB-ScGPI 
and CipA0B9C. SM: Kanamycin and 
Hygromycin 

This study 

K. marxianus SH-1B9C Chromosomally integrated with OlpB-ScGPI 
and CipA1B9C. SM: Kanamycin and 
Hygromycin 

This study 

K. marxianus SH-2B9C Chromosomally integrated with OlpB-ScGPI 
and CipA2B9C. SM: Kanamycin and 
Hygromycin 

This study 

K. marxianus RFP-DocT Chromosomally integrated with RFP-DocT. 
SM: Hygromycin 

This study 

*SM: Selection marker 
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Table S2: Fungal cellulases used in this study. 

Gene Enzyme family Source Host 

species 

Reference 

TrEgIII GH5 Endoglucanase Trichoderma reesei ATCC 

13631 

fungus Chang et al, 

2012(2) 

CBHII GH6 Cellobiohydrolase Synthetic gene fungus Chang et al, 

2013(3) 

NpaBgs GH3 Beta-glucosidase Neocallimastix patriciarum W5 fungus Chen et al, 

2012(4) 

TaLMPO AA9 Lytic polysaccharide 

monooxygenase 

Thermoascus aurantiacus fungus Harris et al., 

2010(5) 

MtCDH CBM1 Cellobiose 

dehydrogenase 

Myceliophthora thermophila 

ATCC 42464 

fungus Phillips et al., 

2011(6) 
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Table S3: Primer pairs used in this study for cloning and PCR verification  

Name Sequence (5’ to 3’) Purpose 

TrEglII-AvrII-F ATTCCTAGGCAGCAGACTGTCTGG Dockerin fusion 

TrEglII-SpeI-R ATGACTAGTCTTTCTTGCGAGACACG Dockerin fusion 

CBHII-AvrII-F ATGCCTAGGCAACAAACTTTGTGGGGT Dockerin fusion 

CBHII-SpeI-R ATTACTAGTGAAGGCTGGGTTAGCGTTA Dockerin fusion 

NpaBGS-AvrII-F ATACCTAGGATTACTTGGGAAGAAG Dockerin fusion 

NpaBGS-SpeI-R GAGACTAGTGTAAAGTTTGTAAGCT Dockerin fusion 

TaLPMO-AvrII-F GGTGGCCTAGGTCCTTCTCTAAGATTATT Dockerin fusion 

TaLPMO-SpeI-R GATCACTAGTACCGGTGTACAATGGTGGA Dockerin fusion 

MtCDH-AvrII-F ATTGCCTAGGAGAACCTCCTCCAGAT Dockerin fusion 

MtCDH-SpeI-R GCAGACTAGTCAAACATTGGGAGTACC Dockerin fusion 

S1274-F GCGGATAACAAGCTCAAC PCR Verification 

S1276-R TCGGCACTAATAACCGTT PCR Verification 

DocT-R GTTCTTGTACGGCAATGTATCTATTTC PCR Verification 

pK-CipA1B9C-F CCTAGGGCCACCATGACTGT PCR Verification 

pK-CipA1B9C-R CTGGGCGTCGTAATCACTGCT PCR Verification 

pK-CipA1B6C-F GCAACAATGACCGTCGAAATCG PCR Verification 

pK-CipA1B6C-R CTGGGCGTCGTAGTCACTG PCR Verification 

pK-CipA1B3C-F GCAACCATGACAGTGGAAATA PCR Verification 

pK-CipA1B3C-R TTATTGTGCATCATAATCAGA PCR Verification 

OlpB-Coh1-F ATTGAAATGGTCCTGGATAA PCR Verification 

OlpB-Coh7-R ACTGGCAGCTTTGATAGGTGCT PCR Verification 

GFP-F AACCTAGGACGCGTGTGAGCAAGGGC PCR Verification 

ScGPI-R GGCGCGGCCGCTTAATTAATTAGAATAGC PCR Verification 

F: Forward primers    R: Reverse primers 
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Table S4: Primer pairs used for the qPCR analysis 

Name* Sequence (5’ to 3’) 

EgIII-T#25-F TCGTGTCTCGCAAGAAAGACT 

EgIII-T#25-R CTTGAGGACCACCGCTTC 

CBHII-T#25-F ACGCTAACCCAGCCTTCAC 

CBHII-T#25-R CTTGAGGACCACCGCTTC 

BGS-T#150F GAAGCTGTAATGGAAGAAGATGG 

BGS-T#150R CTGGGAATGAAAGGAAAATCAT 

TaLPMO-T#113-F TGGTAACTACGTCTTGAGACACG 

TaLPMO-T#113-R GTTTTGAGCACCGTCTTGGT 

MtCDHIIA-T#109.154-F GAATTTTGGCTTTGCCAGAC 

MtCDHIIA-T#109.154-R GGACCATTCTCTACCACCACA  

CipA1B3C#128-F GAGATCTCCTTTACCGGTGGT 

CipA1B3C#128-R AACCTGCCTTGAATCTGCAC 

CipA1B6C#80.116-F TGACCCGAACGTGTTAGAGA 

CipA1B6C#80.116-R TGTCCGGATTAGGATCGACT 

CipA1B9C#116-F CCCCAATGTGCTCGAGATAA 

CipA1B9C#116-R GTGGGGTTTGGATCAACAAT 

CipA2B9C#77.87-F CACCCGCTACGACAAAGC 

CipA2B9C#77.87-R ACGGCGGGATAGTTGTTG 

CipA0B9C#57-F TCTGTTTGCAGAGGACTCAGG 

CipA0B9C#57-R GCGAACACACCGTCTTCTG 

OlpB-ScGPI#15.32-F AGACAACGGCCGTAGCAA 

OlpB-ScGPI#15.32-R CTGTAGGCTTCAGCAAAATTGA 

KanMX#144-F AGACTAAACTGGCTGACGGAAT 

KanMX#144-R CATCAGGAGTACGGATAAAATGC 

HygB#143-F GGGATTCCCAATACGAGGTC 

HygB#143-R GCTCCATACAAGCCAACCAC 

ACTIN#9-F GCGTAGATTGGAACAACGTG 

ACTIN#9-R AGAACTACCGGTATTGTGTTGGA 

        *Numbers after # denotes the UPL probes used for the analysis. 

 
 
 
 
 
 
 
 
 
 
 



22 

 

Table S5: Amino acid sequences of cellulosomal genes used in this study 
Gene name  Amino acid sequence  
Type I dockerin 
(DocT) of celS 
from C. 
thermocellum 

TYKVPGTPSTKLYGDVNDDGKVNSTDAVALKRYVLRSGISINTDNADLNEDGRVNSTDLGILKRYIL
KEIDTLPYKN 

CipA1B3C 
(89 kDa) 

HHHHHHPRATMTVEIGKVTAAVGSKVEIPITLKGVPSKGMANCDFVLGYDPNVLEVTEVKPGSIIKDP
DPSKSFDSAIYPDRKMIVFLFAEDSGRGTYAITQDGVFATIVATVKSAAAAPITLLEVGAFADNDLVEI
STTFVAGGVNLGSSVPTTQPNVPSDGVVVEIGKVTGSVGTTVEIPVYFRGVPSKGIANCDFVFRYDPN
VLEIIGIDPGDIIVDPNPTKSFDTAIYPDRKIIVFLFAEDSGTGAYAITKDGVFAKIRATVKSSAPGYITFD
EVGGFADNDLVEQKVSFIDGGVNVGNATPTKGATPTNTATPTKSATATPTRPSVPTNTPTNTPANTPV
SGNLKVEFYNSNPSDTTNSINPQFKVTNTGSSAIDLSKLTLRYYYTVDGQKDQTFWCDHAAIIGSNGS
YNGITSNVKGTFVKMSSSTNNADTYLEISFTGGTLEPGAHVQIQGRFAKNDWSNYTQSNDYSFKSAS
QFVEWDQVTAYLNGVLVWGKEPGGSVVPSTQPVTTPPATTKPPATTKPPATTIPPSDDPNAIKIKVDT
VNAKPGDTVNIPVRFSGIPSKGIANCDFVYSYDPNVLEIIEIKPGELIVDPNPDKSFDTAVYPDRKIIVFL
FAEDSGTGAYAITKDGVFATIVAKVKSGAPNGLSVIKFVEVGGFANNDLVEQRTQFFDGGVNVGDN
KPVIEGYKVSGYILPDFSFDATVAPLVKAGFKVEIVGTELYAVTDANGYFEITGVPANASGYTLKISRA
TYLDRVIANVVVTGDTSVSTSQAPIMMWVGDIVKDNSINLLDVAEVIRCFNATKGSANYVEELDINR
NGAINMQDIMIVHKHFGATSSDYDAQ

CipA1B6C 
(142 kDa) 

HHHHHHPRATMTVEIGKVTAAVGSKVEIPITLKGVPSKGMANCDFVLGYDPNVLEVTEVKPGSIIKDP
DPSKSFDSAIYPDRKMIVFLFAEDSGRGTYAITQDGVFATIVATVKSAAAAPITLLEVGAFADNDLVEI
STTFVAGGVNLGSSVPTTQPNVPSDGVVVEIGKVTGSVGTTVEIPVYFRGVPSKGIANCDFVFRYDPN
VLEIIGIDPGDIIVDPNPTKSFDTAIYPDRKIIVFLFAEDSGTGAYAITKDGVFAKIRATVKSSAPGYITFD
EVGGFADNDLVEQKVSFIDGGVNVGNATPTKGATPTNTATPTKSATATPTRPSVPTNTPTNTPANTPV
SGNLKVEFYNSNPSDTTNSINPQFKVTNTGSSAIDLSKLTLRYYYTVDGQKDQTFWCDHAAIIGSNGS
YNGITSNVKGTFVKMSSSTNNADTYLEISFTGGTLEPGAHVQIQGRFAKNDWSNYTQSNDYSFKSAS
QFVEWDQVTAYLNGVLVWGKEPGGSVVPSTQPVTTPPATTKPPATTKPPATTIPPSDDPNAIKIKVDT
VNAKPGDTVNIPVRFSGIPSKGIANCDFVYSYDPNVLEIIEIKPGELIVDPNPDKSFDTAVYPDRKIIVFL
FAEDSGTGAYAITKDGVFATIVAKVKSGAPNGLSVIKFVEVGGFANNDLVEQRTQFFDGGVNVGDTT
VPTTPTTPVTTPTDDSNAVRIKVDTVNAKPGDTVRIPVRFSGIPSKGIANCDFVYSYDPNVLEIIEIEPGD
IIVDPNPDKSFDTAVYPDRKIIVFLFAEDSGTGAYAITKDGVFATIVAKVKSGAPNGLSVIKFVEVGGF
ANNDLVEQKTQFFDGGVNVGDTTEPATPTTPVTTPTTTDDLDAVRIKVDTVNAKPGDTVRIPVRFSGI
PSKGIANCDFVYSYDPNVLEIIEIEPGDIIVDPNPDKSFDTAVYPDRKIIVFLFAEDSGTGAYAITKDGVF
ATIVAKVKSGAPNGLSVIKFVEVGGFANNDLVEQKTQFFDGGVNVGDTTEPATPTTPVTTPTTTDDL
DAVRIKVDTVNAKPGDTVRIPVRFSGIPSKGIANCDFVYSYDPNVLEIIEIEPGDIIVDPNPDKSFDTAV
YPDRKIIVFLFAEDSGTGAYAITKDGVFATIVAKVKEGAPNGLSVIKFVEVGGFANNDLVEQKTQFFD
GGVNVGNKPVIEGYKVSGYILPDFSFDATVAPLVKAGFKVEIVGTELYAVTDANGYFEITGVPANAS
GYTLKISRATYLDRVIANVVVTGDTSVSTSQAPIMMWVGDIVKDNSINLLDVAEVIRCFNATKGSAN
YVEELDINRNGAINMQDIMIVHKHFGATSSDYDAQ 

CipA1B9C 
(194 kDa) 

HHHHHHPRATMTVEIGKVTAAVGSKVEIPITLKGVPSKGMANCDFVLGYDPNVLEVTEVKPGSIIKDP
DPSKSFDSAIYPDRKMIVFLFAEDSGRGTYAITQDGVFATIVATVKSAAAAPITLLEVGAFADNDLVEI
STTFVAGGVNLGSSVPTTQPNVPSDGVVVEIGKVTGSVGTTVEIPVYFRGVPSKGIANCDFVFRYDPN
VLEIIGIDPGDIIVDPNPTKSFDTAIYPDRKIIVFLFAEDSGTGAYAITKDGVFAKIRATVKSSAPGYITFD
EVGGFADNDLVEQKVSFIDGGVNVGNATPTKGATPTNTATPTKSATATPTRPSVPTNTPTNTPANTPV
SGNLKVEFYNSNPSDTTNSINPQFKVTNTGSSAIDLSKLTLRYYYTVDGQKDQTFWCDHAAIIGSNGS
YNGITSNVKGTFVKMSSSTNNADTYLEISFTGGTLEPGAHVQIQGRFAKNDWSNYTQSNDYSFKSAS
QFVEWDQVTAYLNGVLVWGKEPGGSVVPSTQPVTTPPATTKPPATTKPPATTIPPSDDPNAIKIKVDT
VNAKPGDTVNIPVRFSGIPSKGIANCDFVYSYDPNVLEIIEIKPGELIVDPNPDKSFDTAVYPDRKIIVFL
FAEDSGTGAYAITKDGVFATIVAKVKSGAPNGLSVIKFVEVGGFANNDLVEQRTQFFDGGVNVGDTT
VPTTPTTPVTTPTDDSNAVRIKVDTVNAKPGDTVRIPVRFSGIPSKGIANCDFVYSYDPNVLEIIEIEPGD
IIVDPNPDKSFDTAVYPDRKIIVFLFAEDSGTGAYAITKDGVFATIVAKVKSGAPNGLSVIKFVEVGGF
ANNDLVEQKTQFFDGGVNVGDTTEPATPTTPVTTPTTTDDLDAVRIKVDTVNAKPGDTVRIPVRFSGI
PSKGIANCDFVYSYDPNVLEIIEIEPGDIIVDPNPDKSFDTAVYPDRKIIVFLFAEDSGTGAYAITKDGVF
ATIVAKVKSGAPNGLSVIKFVEVGGFANNDLVEQKTQFFDGGVNVGDTTEPATPTTPVTTPTTTDDL
DAVRIKVDTVNAKPGDTVRIPVRFSGIPSKGIANCDFVYSYDPNVLEIIEIEPGDIIVDPNPDKSFDTAV
YPDRKIIVFLFAEDSGTGAYAITKDGVFATIVAKVKEGAPNGLSVIKFVEVGGFANNDLVEQKTQFFD
GGVNVGDTTEPATPTTPVTTPTTTDDLDAVRIKVDTVNAKPGDTVRIPVRFSGIPSKGIANCDFVYSY
DPNVLEIIEIEPGELIVDPNPTKSFDTAVYPDRKMIVFLFAEDSGTGAYAITEDGVFATIVAKVKSGAPN
GLSVIKFVEVGGFANNDLVEQKTQFFDGGVNVGDTTEPATPTTPVTTPTTTDDLDAVRIKVDTVNAK
PGDTVRIPVRFSGIPSKGIANCDFVYSYDPNVLEIIEIEPGDIIVDPNPDKSFDTAVYPDRKIIVFLFAEDS
GTGAYAITKDGVFATIVAKVKEGAPNGLSVIKFVEVGGFANNDLVEQKTQFFDGGVNVGDTTVPTTS
PTTTPPEPTITPNKLTLKIGRAEGRPGDTVEIPVNLYGVPQKGIASGDFVVSYDPNVLEIIEIEPGELIVDP
NPTKSFDTAVYPDRKMIVFLFAEDSGTGAYAITEDGVFATIVAKVKEGAPEGFSAIEISEFGAFADNDL
VEVETDLINGGVLVTNKPVIEGYKVSGYILPDFSFDATVAPLVKAGFKVEIVGTELYAVTDANGYFEI
TGVPANASGYTLKISRATYLDRVIANVVVTGDTSVSTSQAPIMMWVGDIVKDNSINLLDVAEVIRCFN
ATKGSANYVEELDINRNGAINMQDIMIVHKHFGATSSDYDAQ

CipA0B9C 
(172 kDa) 

HHHHHHPRATMTVEIGKVTAAVGSKVEIPITLKGVPSKGMANCDFVLGYDPNVLEVTEVKPGSIIKDP
DPSKSFDSAIYPDRKMIVFLFAEDSGRGTYAITQDGVFATIVATVKSAAAAPITLLEVGAFADNDLVEI
STTFVAGGVNLGSSVPTTQPNVPSDGVVVEIGKVTGSVGTTVEIPVYFRGVPSKGIANCDFVFRYDPN
VLEIIGIDPGDIIVDPNPTKSFDTAIYPDRKIIVFLFAEDSGTGAYAITKDGVFAKIRATVKSSAPGYITFD
EVGGFADNDLVEQKVSFIDGGVNVGDTTEPATPTTPVTTPTTTDDLDNAIKIKVDTVNAKPGDTVNIP
VRFSGIPSKGIANCDFVYSYDPNVLEIIEIKPGELIVDPNPDKSFDTAVYPDRKIIVFLFAEDSGTGAYAI
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TKDGVFATIVAKVKSGAPNGLSVIKFVEVGGFANNDLVEQRTQFFDGGVNVGDTTVPTTPTTPVTTP
TDDSNAVRIKVDTVNAKPGDTVRIPVRFSGIPSKGIANCDFVYSYDPNVLEIIEIEPGDIIVDPNPDKSFD
TAVYPDRKIIVFLFAEDSGTGAYAITKDGVFATIVAKVKSGAPNGLSVIKFVEVGGFANNDLVEQKTQ
FFDGGVNVGDTTEPATPTTPVTTPTTTDDLDAVRIKVDTVNAKPGDTVRIPVRFSGIPSKGIANCDFVY
SYDPNVLEIIEIEPGDIIVDPNPDKSFDTAVYPDRKIIVFLFAEDSGTGAYAITKDGVFATIVAKVKSGAP
NGLSVIKFVEVGGFANNDLVEQKTQFFDGGVNVGDTTEPATPTTPVTTPTTTDDLDAVRIKVDTVNA
KPGDTVRIPVRFSGIPSKGIANCDFVYSYDPNVLEIIEIEPGDIIVDPNPDKSFDTAVYPDRKIIVFLFAED
SGTGAYAITKDGVFATIVAKVKEGAPNGLSVIKFVEVGGFANNDLVEQKTQFFDGGVNVGDTTEPAT
PTTPVTTPTTTDDLDAVRIKVDTVNAKPGDTVRIPVRFSGIPSKGIANCDFVYSYDPNVLEIIEIEPGELI
VDPNPTKSFDTAVYPDRKMIVFLFAEDSGTGAYAITEDGVFATIVAKVKSGAPNGLSVIKFVEVGGFA
NNDLVEQKTQFFDGGVNVGDTTEPATPTTPVTTPTTTDDLDAVRIKVDTVNAKPGDTVRIPVRFSGIP
SKGIANCDFVYSYDPNVLEIIEIEPGDIIVDPNPDKSFDTAVYPDRKIIVFLFAEDSGTGAYAITKDGVFA
TIVAKVKEGAPNGLSVIKFVEVGGFANNDLVEQKTQFFDGGVNVGDTTVPTTSPTTTPPEPTITPNKLT
LKIGRAEGRPGDTVEIPVNLYGVPQKGIASGDFVVSYDPNVLEIIEIEPGELIVDPNPTKSFDTAVYPDR
KMIVFLFAEDSGTGAYAITEDGVFATIVAKVKEGAPEGFSAIEISEFGAFADNDLVEVETDLINGGVLV
TNKPVIEGYKVSGYILPDFSFDATVAPLVKAGFKVEIVGTELYAVTDANGYFEITGVPANASGYTLKIS
RATYLDRVIANVVVTGDTSVSTSQAPIMMWVGDIVKDNSINLLDVAEVIRCFNATKGSANYVEELDI
NRNGAINMQDIMIVHKHFGATSSDYDAQ 

CipA2B9C 
(217 kDa) 

HHHHHHPRATMTVEIGKVTAAVGSKVEIPITLKGVPSKGMANCDFVLGYDPNVLEVTEVKPGSIIKDP
DPSKSFDSAIYPDRKMIVFLFAEDSGRGTYAITQDGVFATIVATVKSAAAAPITLLEVGAFADNDLVEI
STTFVAGGVNLGSSVPTTQPNVPSDGVVVEIGKVTGSVGTTVEIPVYFRGVPSKGIANCDFVFRYDPN
VLEIIGIDPGDIIVDPNPTKSFDTAIYPDRKIIVFLFAEDSGTGAYAITKDGVFAKIRATVKSSAPGYITFD
EVGGFADNDLVEQKVSFIDGGVNVGNATPTKGATPTNTATPTKSATATPTRPSVPTNTPTNTPANTPV
SGNLKVEFYNSNPSDTTNSINPQFKVTNTGSSAIDLSKLTLRYYYTVDGQKDQTFWCDHAAIIGSNGS
YNGITSNVKGTFVKMSSSTNNADTYLEISFTGGTLEPGAHVQIQGRFAKNDWSNYTQSNDYSFKSAS
QFVEWDQVTAYLNGVLVWGKEPGGSVVPSTQPVTTPPATTKPPATTKPPATTIPPSDDPNAIKIKVDT
VNAKPGDTVNIPVRFSGIPSKGIANCDFVYSYDPNVLEIIEIKPGELIVDPNPDKSFDTAVYPDRKIIVFL
FAEDSGTGAYAITKDGVFATIVAKVKSGAPNGLSVIKFVEVGGFANNDLVEQRTQFFDGGVNVGDTT
VPTTPTTPVTTPTDDSNAVRIKVDTVNAKPGDTVRIPVRFSGIPSKGIANCDFVYSYDPNVLEIIEIEPGD
IIVDPNPDKSFDTAVYPDRKIIVFLFAEDSGTGAYAITKDGVFATIVAKVKSGAPNGLSVIKFVEVGGF
ANNDLVEQKTQFFDGGVNVGDTTEPATPTTPVTTPTTTDDLDAVRIKVDTVNAKPGDTVRIPVRFSGI
PSKGIANCDFVYSYDPNVLEIIEIEPGDIIVDPNPDKSFDTAVYPDRKIIVFLFAEDSGTGAYAITKDGVF
ATIVAKVKSGAPNGLSVIKFVEVGGFANNDLVEQKTQFFDGGVNVGDTTEPATPTTPVTTPTTTDDL
DAVRIKVDTVNAKPGDTVRIPVRFSGIPSKGIANCDFVYSYDPNVLEIIEIEPGDIIVDPNPDKSFDTAV
YPDRKIIVFLFAEDSGTGAYAITKDGVFATIVAKVKEGAPNGLSVIKFVEVGGFANNDLVEQKTQFFD
GGVNVGDTTEPATPTTPVTTPTTTDDLDAVRIKVDTVNAKPGDTVRIPVRFSGIPSKGIANCDFVYSY
DPNVLEIIEIEPGELIVDPNPTKSFDTAVYPDRKMIVFLFAEDSGTGAYAITEDGVFATIVAKVKSGAPN
GLSVIKFVEVGGFANNDLVEQKTQFFDGGVNVGNATPTKGATPTNTATPTKSATATPTRPSVPTNTPT
NTPANTPVSGNLKVEFYNSNPSDTTNSINPQFKVTNTGSSAIDLSKLTLRYYYTVDGQKDQTFWCDH
AAIIGSNGSYNGITSNVKGTFVKMSSSTNNADTYLEISFTGGTLEPGAHVQIQGRFAKNDWSNYTQSN
DYSFKSASQFVEWDQVTAYLNGVLVWGKEPGGSVVPSTQPVTTPPATTKPPATTKPPATTIPPSDDPA
VRIKVDTVNAKPGDTVRIPVRFSGIPSKGIANCDFVYSYDPNVLEIIEIEPGDIIVDPNPDKSFDTAVYPD
RKIIVFLFAEDSGTGAYAITKDGVFATIVAKVKEGAPNGLSVIKFVEVGGFANNDLVEQKTQFFDGGV
NVGDTTVPTTSPTTTPPEPTITPNKLTLKIGRAEGRPGDTVEIPVNLYGVPQKGIASGDFVVSYDPNVL
EIIEIEPGELIVDPNPTKSFDTAVYPDRKMIVFLFAEDSGTGAYAITEDGVFATIVAKVKEGAPEGFSAIE
ISEFGAFADNDLVEVETDLINGGVLVTNKPVIEGYKVSGYILPDFSFDATVAPLVKAGFKVEIVGTELY
AVTDANGYFEITGVPANASGYTLKISRATYLDRVIANVVVTGDTSVSTSQAPIMMWVGDIVKDNSIN
LLDVAEVIRCFNATKGSANYVEELDINRNGAINMQDIMIVHKHFGATSSDYDAQ 

OlpB-ScGPI 
(211 kDa) 

HHHHHHHHHHHHSAGTTREATPSIEMVLDKTEVHVGDVITATIKVNNIRKLAGYQLNIKFDPEVLQP
VDPATGEEFTDKSMPVNRVLLTNSKYGPTPVAGNDIKSGIINFATGYNNLTAYKSSGIDEHTGIIGEIGF
KVLKKQNTSIRFEDTLSMPGAISGTSLFDWDAETITGYEVIQPDLIVVEAEPLKDASVALELDKTKVK
VGDIITATIKIENMKNFAGYQLNIKYDPTMLEAIELETGSAIAKRTWPVTGGTVLQSDNYGKTTAVAN
DVGAGIINFAEAYSNLTKYRETGVAEETGIIGKIGFRVLKAGSTAIRFEDTTAMPGAIEGTYMFDWYG
ENIKGYSVVQPGEIVVRSEGEEPGEEPTEEPVPTETSVDPTPTVTEEPVPSELPDSYVIMELDKTKVKV
GDIITATIKIENMKNFAGYQLNIKYDPTMLEAIELETGSAIAKRTWPVTGGTVLQSDNYGKTTAVAND
VGAGIINFAEAYSNLTKYRETGVAEETGIIGKIGFRVLKAGSTAIRFEDTTAMPGAIEGTYMFDWYGE
NIKGYSVVQPGEIVVGPEGEEPGEEPTEEPVPTETSVDPTPTVTEEPVPSELPDSYVIMELDKTKVKVG
DIITATIKIENMKNFAGYQLNIKYDPTMLEAIELETGSAIAKRTWPVTGGTVLQSDNYGKTTAVANDV
GAGIINFAEAYSNLTKYRETGVAEETGIIGKIGFRVLKAGSTAIRFEDTTAMPGAIEGTYMFDWYGENI
KGYSVVQPGEIVAEGEEPGEEPTEEPVPTETSADPTPTVTEEPVPSELPDSYVIMELDKTKVKVGDIITA
TIKIENMKNFAGYQLNIKYDPTMLEAIELETGSAIAKRTWPVTGGTVLQSDNYGKTTAVANDVGAGII
NFAEAYSNLTKYRETGVAEETGIIGKIGFRVLKAGSTAIRFEDTTAMPGAIEGTYMFDWYGENIKGYS
VVQPGEIVAGPEGEEPGEEPTEEPVPTETPVDPTPTVTEEPVPSELPDSYVIMELDKTKVKVGDIITATI
KIENMKNFAGYQLNIKYDPTMLEAIELETGSAIAKRTWPVTGGTVLQSDNYGKTTAVANDVGAGIIN
FAEAYSNLTKYRETGVAEETGIIGKIGFRVLKAGSTAIRFEDTTAMPGAIEGTYMFDWYGENIKGYSV
VQPGEIVARSEGEEPTEEPVPTETPVDPTPTVTEEPVPSELPDSYVIMELDKTKVKEGDVIIATIRVNNIK
NLAGYQIGIKYDPKVLEAFNIETGDPIDEGTWPAVGGTILKNRDYLPTGVAINNVSKGILNFAAYYVY
FDDYREEGKSEDTGIIGNIGFRVLKAEDTTIRFEELESMPGSIDGTYMLDWYLNRISGYVVIQPAPIKA
ASACGAWPSRVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPW
PTLVTTLTYGVQCFSRYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIE
LKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDG
PVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITLGMDELYKSADYKDDDDKLKSAKSSFIS
TTTTDLTSINTSAYSTGSISTVETGNRTTSEVISHVVTTSTKLSPTATTSLTIAQTSIYSTDSNITVGTDIH
TTSEVISDVETISRETASTVVAAPTSTTGWTGAMNTYISQFTSSSFATINSTPIISSSAVFETSDASIVNVH
TENITNTAAVPSEEPTFVNATRNSLNSFCSSKQPSSPSSYTSSPLVSSLSVSKTLLSTSFTPSVPTSNTYIK
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TKNTGYFEHTALTTSSVGLNSFSETAVSSQGTKIDTFLVSSLIAYPSSASGSQLSGIQQNFTSTSLMISTY
EGKASIFFSAELGSIIFLLLSYLLF 

TaLPMO-T  
(40 kDa) 

PRSFSKIIATAGVLASASLVAGHGFVQNIVIDGKKYYGGYLVNQYPYMSNPPEVIAWSTTATDLGFVD
GTGYQTPDIICHRGAKPGALTAPVSPGGTVELQWTPWPDSHHGPVINYLAPCNGDCSTVDKTQLEFF
KIAESGLINDDNPPGIWASDNLIAANNSWTVTIPTTIAPGNYVLRHEIIALHSAQNQDGAQNYPQCINL
QVTGGGSDNPAGTLGTALYHDTDPGILINIYQKLSSYIIPGPPLYTGTSRPSGSAPRCTLQGGGDDGGS
GGPQTYKVPGTPSTKLYGDVNDDGKVNSTDAVALKRYVLRSGISINTDNADLNEDGRVNSTDLGILK
RYILKEIDTLPYKNGSENLYFQGHHHHHHHH 

MtCDH-T  
(101 kDa) 

PRRTSSRLIGALAAALLPSALAQNNAPVTFTDPDSGITFNTWGLAEDSPQTKGGFTFGVALPSDALTT
DAKEFIGYLKCARNDESGWCGVSLGGPMTNSLLIAAWPHEDTVYTSLRFATGYAMPDVYQGDAEIT
QVSSSVNSTHFSLIFRCENCLQWSQSGATGGASTSNGVLVLGWVQAFADPGNPTCPDQITLEQHDNG
MGIWGAQLNSDAASPSYTEWAAQATKTVTGDCGGPTETSVVGVPVPTGVSFDYIVVGGGAGGIPAA
DKLSEAGKSVLLIEKGFASTANTGGTLGPEWLEGHDLTRFDVPGLCNQIWVDSKGIACEDTDQMAGC
VLGGGTAVNAGLWFKPYSLDWDYLFPSGWKYKDVQPAINRALSRIPGTDAPSTDGKRYYQQGFDVL
SKGLAGGGWTSVTANNAPDKKNRTFSHAPFMFAGGERNGPLGTYFQTAKKRSNFKLWLNTSVKRVI
RQGGHITGVEVEPFRDGGYQGIVPVTKVTGRVILSAGTFGSAKILLRSGIGPNDQLQVVAASEKDGPT
MISNSSWINLPVGYNLDDHLNTDTVISHPDVVFYDFYEAWDNPIQSDKDSYLNSRTGILAQAAPNIGP
MFWEEIKGADGIVRQLQWTARVEGSLGAPNGKTMTMSQYLGRGATSRGRMTITPSLTTVVSDVPYL
KDPNDKEAVIQGIINLQNALKNVANLTWLFPNSTITPRQYVDSMVVSPSNRRSNHWMGTNKIGTDDG
RKGGSAVVDLNTKVYGTDNLFVIDASIFPGVPTTNPTSYIVTASEHASARILALPDLTPVPKYGQCGG
REWSGSFVCADGSTCQMQNEWYSQCLTSRPSGSAPRCTLQGGGDDGGSGGPQTYKVPGTPSTKLYG
DVNDDGKVNSTDAVALKRYVLRSGISINTDNADLNEDGRVNSTDLGILKRYILKEIDTLPYKNGSENL
YFQGHHHHHHHH 

TrEGIII-T  
(54 kDa) 

PRQQTVWGQCGGIGWSGPTNCAPGSACSTLNPYYAQCIPGATTITTSTRPPSGPTTTTRATSTSSSTPPT
SSGVRFAGVSIAGFDFGCTTDGTCVTSKVYPPLKNFTGSNNYPDGIGQMQHFVNEDGMTIFRLPVGW
QYLVNNNLGGNLDSTSISKYDQLVQGCLSLGAYCIVDIHNYARWNGGIIGQGGPTNAQFTSLWSQLA
SKYASQSRVWFGIMNEPHDVNINTWAATVQEVVTAIRNAGATSQFISLPGNDWQSAGAFISDGSAAA
LSQVTNPDGSTTNLIFDVHKYLDSDNSGTHAECTTNNIDGAFSPLATWLRQNNRQAILTETGGGNVQ
SCIQDMCQQIQYLNQNSDVYLGYVGWGAGSFDSTYVLTETPTGSGNSWTDTSLVSSCLARKTSGGG
DDGGSGGPQGTTYKVPGTPSTKLYGDVNDDGKVNSTDAVALKRYVLRSGISINTDNADLNEDGRVN
STDLGILKRYILKEIDTLPYKNELENLYFQGHHHHHHHH 

CBHII-T 
(58 kDa) 

PRQQTLWGQCGGQGYSGATSCVAGATCATVNEYYAQCTPAAGTSSATTLKTTTSSTTAAVTTTTTT
QSPTGSASPTTTASASGNPFSGYQLYVNPYYSSEVASLAIPSLTGSLSSLQAAATAAAKVPSFVWLDT
AAKVPTMGDYLADIQSQNAAGANPPIAGQFVVYDLPDRDCAALASNGEYSIADNGVEHYKSYIDSIR
EILVQYSDVHTLLVIEPDSLANLVTNLNVAKCANAESAYLECTNYALTQLNLPNVAMYLDAGHAGW
LGWPANQQPAADLFASVYKNASSPAAVRGLATNVANYNAWTISSCPSYTQGNSVCDEQQYINAIAP
LLQAQGFDAHFIVDTGRNGKQPTGQQAWGDWCNVINTGFGERPTTDTGDALVDAFVWVKPGGESD
GTSDSSATRYDAHCGYSDALQPAPEAGTWFQAYFVQLLTNANPAFTSGGGDDGGSGGPQGTTYKVP
GTPSTKLYGDVNDDGKVNSTDAVALKRYVLRSGISINTDNADLNEDGRVNSTDLGILKRYILKEIDTL
PYKNELENLYFQGHHHHHHHH 

NpaBGS-T 
(96 kDa) 

PRITWEEADAKAREWCADLTNEEKISIITGRENMTGVCVGSIDPIERKGFKGLCLQDGPAGVRFGKGT
ATSWQASINSAATFDRTLLRKVGEAQGNEFYQRGINFALAPSVGIQRAPASGRIWESYGEDPFYVGEC
GTEVVKGIQSQGVIATSKHFVGNDQENNRGASTSNIPEQALWEVYLAPFYRLVNDAETNAIMSSYNA
VNGTYTSENKRLLTDILKDKMGFQGMVMSDWWGLYRIDSFGAGLDMNMPGGKYWGPDYVGDSF
WGEHIQEYIDQGIFTQERLDDAALRVIRALFKAGQMENFPEVNLYVDTLTEENIALNRKVGADSNVL
LKNDESVLPIKGVKKIAVIGKDSMPANFCEDMRCADGTLALGWGSGTTDFKYVIDPLSAITERAKKD
NIEVVSSGEDNSEAGAEVAKDADLAIVFVQADSGEEYITVEGNAGDRLNLDLWHGGNELIDAVASV
NKNTIVVIHAPGPVNVPFLDKVKGVVFAGMPGQESGHAIADVLFGDVNPSGHLPYTWAPREDYPTD
VKYEPEYPDGGEKMTVYDYNEGLFVGYRWFDKQGIEPTFAFGYGLSYTTFEYSNLEAVMEEDGLHV
TLTVTNTGDVAGAAVPMIFLSFPDIVKDYPSRLFKGFDKVMLEAGESKQVNIIVDNHDLSYYDVDAE
KFVKPEEGEYTVFAGSNARDLPLKTTVLANGECNSDEEVSGNVENDEDSVDEVDAETENAEDSADE
VDSEVDAENAEDSVDETALKKRAYKLYTSRPSGSAPRCTLQGGGDDGGSGGPQTYKVPGTPSTKLY
GDVNDDGKVNSTDAVALKRYVLRSGISINTDNADLNEDGRVNSTDLGILKRYILKEIDTLPYKNGSEN
LYFQGHHHHHHHH 
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Table S6: Detailed comparison of fermentation parameters of previous studies and this study. 
Host name Genes Number 

of 
enzyme 
binding 

sites

Initial 
OD 

(A
600

) 

Ethanol (g/l) *Fermentation 
time (h) 

Fermentation 
temperature 

(°C) 

Reference 
CMC PASC Avicel

Saccharomyces 
cerevisiae BY4742 

Ct Exo, TrCBHII, 
TaBGL1 

3 50 - 1.87  - 48 30 Tsai et al., 
2009 (7) 

S. cerevisiae EBY100 TrEGII, CBHII, AaBGl1 3 50 - 1.80 - 70 30 Wen et al., 
2010 (8)  

S. cerevisiae BY4742 CtCelA, TrCBHII, 
TaBGL1 

3 0.8 - 1.25 - 144 30 Goyal et al., 
2011 (9) 

S. cerevisiae EBY100 CcCelccA, celCCE, 
Ccel_2454 

12 50 1.00 1.09 1.41  96 30 Fan et al., 
2012 (10) 

S. cerevisiae EBY100 CcCelG, Bglf 4 50 - 1.90 - 72 30 Tsai et al., 
2013 (11) 

S. cerevisiae EBY100 
S. cerevisiae HZ848 

CBH2, EG2, BGL1, 
LPMO, and CDH 

5 50 - 2.70 1.5 96 30 Liang et al., 
2014 (12) 

S. cerevisiae EBY100 CBH, EG, BGL and Cdt1 8 0.1 3.26 1.09 - 60 30 Fan et al., 
2016 (13) 

S. cerevisiae  CBHI, CBHII, EG, BGL Tethered 150 g 
wet 
cells/L 

- 6.7 1.4 96 37 Liu et al., 
2016 (14) 

Kluyveromyces 
marxianus 4G5 

TrEgIII, CBHII, 
NpaBGS, TaLPMO, 
MtCDH 

63 20 - 8.89 3.09 144/PASC 
120/avicel 

37  This study 

*Fermentation time (h): When the highest ethanol production was observed. 
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