Supplementary data to

Cellodextrin transporters play an important role in cellulase production in Talaromyces pinophilus
Table S1 Plasmids used in this study

	Plasmid Name
	Purpose
	Antibiotic selection in E. coli
	Selection

	p416TEF-bgl
	Intracellular bgl
	Ampicillin
	Uracil

	pRS415ADH-mfs1
	Cellobiose uptake in Saccharomyces
	Ampicillin
	Leucine

	pRS415ADH-mfs6
	Cellobiose uptake in Saccharomyces
	Ampicillin
	Leucine

	pCAMBIA1302
	Base plasmid for knockout constructs
	Kanamycin
	NA

	pCAMBIA1302-mfs1
	Knockout of mfs1
	Kanamycin
	Hygromycin

	pCAMBIA1302-mfs6
	Knockout of mfs6
	Kanamycin
	Hygromycin

	pTpCbh-MFS1
	Overexpression of mfs1
	Ampicillin
	Zeocin

	pTpCbh-MFS6
	Overexpression of mfs6
	Ampicillin
	G418


Table S2 Strains used in this study

	Strain Name
	Genotype
	Modification

	Talaromyces pinophilus MTCC25456
	WT (PRJNA507506)
	None

	Saccharomyces cerevisiae BY4741
	MATa his3Δ1 leu2Δ0 met15Δ0 ura3Δ0
	None

	Saccharomyces cerevisiae BY4741-bgl
	MATa his3Δ1 leu2Δ0 met15Δ0 ura3Δ0
	Intracellular bgl under TEF promoter in p416 (URA3)

	Saccharomyces cerevisiae BY4741-bgl-mfs1
	MATa his3Δ1 leu2Δ0 met15Δ0 ura3Δ0
	bgl under TEF promoter in p416 (URA3) + mfs1 under ADH promoter in pRS415 (LEU2)

	Saccharomyces cerevisiae BY4741-bgl-mfs6
	MATa his3Δ1 leu2Δ0 met15Δ0 ura3Δ0
	bgl under TEF promoter in p416 (URA3) + mfs6 under ADH promoter in pRS415 (LEU2)

	Δmfs1
	TpΔmfs1
	KO of mfs1

	Δmfs6
	TpΔmfs6
	KO of mfs6

	ΔcreA
	TpΔcreA
	KO of creA

	mfs1 OE
	Tp::Pcbh1-mfs1
	OE of mfs1 in WT

	mfs6 OE
	Tp::Pcbh1-mfs6
	OE of mfs6 in WT

	ΔcreA-mfs1
	TpΔcreA::Pcbh1-mfs1
	OE of mfs1 in Δcre

	ΔcreA-mfs6
	TpΔcreA::Pcbh1-mfs6
	OE of mfs6 in Δcre

	ΔcreA-mfs1-mfs6
	TpΔcreA::Pcbh1-mfs1::Pcbh1-mfs6
	OE of mfs6 in ΔcreA-mfs1


Table S3 Primers used in this study

	Primer Name
	Sequence

	mfs1-Fl-F
	TGGAGACTGATTTACCCCGGG

	mfs1-Fl-R
	ccgaggtaacactgatcgacaac

	HygF
	GGTTTCCACTATCGGCGAGT

	HygR
	TGACCTATTGCATCTCCCGC

	mfs6-Fl-F
	Ccctcagagagaagtactgtactc

	mfs6-Fl-R
	Caatatcggcgtagatttgacag

	Pcbh1-Fwd
	gttgctgtctcgcgcatcg

	TrpC-Ter-Rev
	catccgatctcgagCAAGTTCATC

	Ptreno-Rev
	cacttcggtggaggtgtcg

	Actin_qF
	TCTTGACAGAACCACCAATGAGT

	Actin_qR
	CACCACCGAATCCGTAACCT

	mfs1_qF
	CGTCGGAATCACCAACAGTAA

	mfs1_qR
	cgaagcaagaggttaggaagag

	mfs3_qF
	TCAAACCGCTGCAACAATAAC

	mfs3_qR
	GAGAACGTCTGGAACATGAAGA

	mfs6_qF
	TCGTTGGCTGGGACTTTATC

	mfs6_qR
	ACCTTGTCGACGTGAAGAGAG

	mfs7_qF
	TTCCCTCACTTCTCCAGATCCTTC

	mfs7_qR
	GGAGATAATTCTGCGTGCCTCTTC

	mfs8_qF
	TGGCGGTGTTATTCCATTCATCTTC 

	mfs8_qR
	GACCAGAACTCCGGCAATGATAAC

	mfs9_qF
	GGCAGAGAGAACAGTCCAAATGAC 

	mfs9_qR
	GCCCTCGTAACAAACATCCTCTTC 

	mfs10_qF
	TTGTTCAACACTCGACCAGCAC 

	mfs10_qR
	TGCTGCACAATGACAGGGAAGTAG

	mfs11_qF
	CGTCACAGACAGCGTAATCAAATCC

	mfs11_qR
	GCGTCTAAATCGTGGTGCCAATAG

	mfs12_qF
	GCTTCGTTTCGGCTACCTTCTTC

	mfs12_qR
	CGCGGAACAGATTGTCCAGATAAC

	mfs13_qF
	AACTCAATGGGCTACGGTTTCATC

	mfs13_qR
	GCCATACCCTTGACGCGAATATC

	cbh1_qF
	CTGATGCCTGCGGTGGTA

	cbh1_qR
	TGGTGGTGTCAACGGTCTT

	cbh2_qF
	GGCTCAACTCTTCGCAACAG

	cbh2_qR
	GGAGTCGCCAGATGTGTATGA

	egl_qF
	TGAACTGGCTGGATAGTGGTAG

	egl_qR
	CGAAGTTGACGACGATGATGAA

	bgl1_qF
	CTGGCAAAGTGGGATTGAAGTT

	bgl1_qR
	TGGCACCTGGAAGAGTATCG

	bgl2_qF
	CGGATTGGAGGCTTTCAGTTCAG

	bgl2_qR
	GGTTCGTGCTGCGCTAGATAAC

	MFS1_Forward
	CATATACATCTAGAACTAGTGGATCATGGGAAAAGATACCTTTGAGCTCG

	MFS1_Reverse
	GGCCTGTCTCGAGGTCGACGGTATCGCTAAAGTACAACTTCAGTCTGTACGG

	MFS6_Forward
	CTCATATACATCTAGAACTAGTGGATCATGCATCCAACACGAGCTCTTG

	MFS6_Reverse
	GCCTGTCTCGAGGTCGACGGTATCGTTAAGCGTCAACCACCTTCTCGG

	vector PRS415 Forward:
	CGATACCGTCGACCTCGAG

	Vector PRS415 Reverse:
	GATCCACTAGTTCTAGATGTATATG

	Bgl_Forward
	CTAATCTAAGTTTTCTAGAACTAGTGGATCATGTCTCTTCCTAAGGATTTCCTC

	Bgl_Reverse
	CTAATTACATGACTCGAGGTCGACGGTATCGTTAGTCCTTCTTGATCAAAGAGTC

	Vector P416TEF Forward
	CGATACCGTCGACCTCGAG

	Vector P416TEF Reverse
	GATCCACTAGTTCTAGAAAACTTAG


Table S4 Putative sugar transporter genes identified in Talaromyces pinophilus genome
	Protein ID
	Annotation

	KAI7975484.1
	hypothetical protein EIK77_000179

	KAI7973333.1
	hypothetical protein EIK77_000681

	KAI7973812.1
	hypothetical protein EIK77_001011

	KAI7973766.1
	hypothetical protein EIK77_001829

	KAI7975133.1
	hypothetical protein EIK77_002156

	KAI7972122.1
	hypothetical protein EIK77_003215

	KAI7972324.1
	hypothetical protein EIK77_003395

	KAI7971394.1
	hypothetical protein EIK77_003450
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KAI7972259.1
	hypothetical protein EIK77_003683

	KAI7974650.1
	hypothetical protein EIK77_003798

	KAI7977429.1
	hypothetical protein EIK77_004845

	KAI7975716.1
	hypothetical protein EIK77_005466

	KAI7975596.1
	hypothetical protein EIK77_005962

	KAI7969116.1
	hypothetical protein EIK77_006021

	KAI7970339.1
	hypothetical protein EIK77_007688

	KAI7977886.1
	hypothetical protein EIK77_009426

	KAI7977912.1
	hypothetical protein EIK77_009452

	KAI7978078.1
	hypothetical protein EIK77_009618

	KAI7976351.1
	hypothetical protein EIK77_010824

	KAI7970560.1
	hypothetical protein EIK77_004586

	KAI7969808.1
	hypothetical protein EIK77_006756

	KAI7971081.1
	hypothetical protein EIK77_007197

	KAI7974106.1
	hypothetical protein EIK77_002971

	KAI7972914.1
	hypothetical protein EIK77_000801

	KAI7968009.1
	hypothetical protein EIK77_007764

	KAI7978255.1
	hypothetical protein EIK77_001198

	KAI7976626.1
	hypothetical protein EIK77_009857

	KAI7971967.1
	hypothetical protein EIK77_007566

	KAI7970815.1
	hypothetical protein EIK77_007995

	KAI7978789.1
	hypothetical protein EIK77_002266

	KAI7975652.1
	hypothetical protein EIK77_004007

	KAI7976727.1
	hypothetical protein EIK77_009958

	KAI7975009.1
	hypothetical protein EIK77_006665

	KAI7973116.1
	hypothetical protein EIK77_004393

	KAI7978669.1
	hypothetical protein EIK77_010575

	KAI7968750.1
	hypothetical protein EIK77_005766

	KAI7970306.1
	hypothetical protein EIK77_000308

	GAM39429.1
	TCE0_034f10975

	KAI7977366.1
	hypothetical protein EIK77_004782

	KAI7974774.1
	hypothetical protein EIK77_004866

	KAI7975735.1
	hypothetical protein EIK77_005485

	KAI7970494.1
	hypothetical protein EIK77_005212

	KAI7971894.1
	hypothetical protein EIK77_007493

	KAI7973200.1
	hypothetical protein EIK77_004477

	KAI7971675.1
	hypothetical protein EIK77_002676

	KAI7976541.1
	hypothetical protein EIK77_005670

	KAI7970785.1
	hypothetical protein EIK77_007965

	KAI7971089.1
	hypothetical protein EIK77_007205

	KAI7968978.1
	hypothetical protein EIK77_007673

	KAI7978256.1
	hypothetical protein EIK77_001199

	KAI7972957.1
	hypothetical protein EIK77_001531

	GAM37452.1
	monosaccharide transporter

	KAI7978252.1
	hypothetical protein EIK77_001195

	KAI7973889.1
	hypothetical protein EIK77_001300

	GAM35250.1
	trehalose transport-related protein

	KAI7967973.1
	hypothetical protein EIK77_000714

	KAI7976360.1
	hypothetical protein EIK77_010833

	KAI7972474.1
	hypothetical protein EIK77_008937

	KAI7970666.1
	hypothetical protein EIK77_003066

	KAI7970593.1
	hypothetical protein EIK77_004619

	KAI7974372.1
	hypothetical protein EIK77_008552

	KAI7969682.1
	hypothetical protein EIK77_005802

	KAI7969195.1
	hypothetical protein EIK77_006100

	KAI7977705.1
	hypothetical protein EIK77_009245

	KAI7971129.1
	hypothetical protein EIK77_007245

	KAI7973267.1
	hypothetical protein EIK77_004544

	KAI7970309.1
	hypothetical protein EIK77_000311

	KAI7969738.1
	hypothetical protein EIK77_006686

	KAI7976533.1
	hypothetical protein EIK77_005662

	KAI7968421.1
	hypothetical protein EIK77_006440

	KAI7977599.1
	hypothetical protein EIK77_010190

	KAI7977776.1
	hypothetical protein EIK77_009316

	KAI7971366.1
	hypothetical protein EIK77_002478

	KAI7972992.1
	hypothetical protein EIK77_001566

	KAI7978795.1
	hypothetical protein EIK77_002272

	KAI7970397.1
	hypothetical protein EIK77_006242

	KAI7976840.1
	hypothetical protein EIK77_010071

	KAI7976900.1
	hypothetical protein EIK77_010131

	KAF3404103.1
	Lactose permease 

	KAI7978709.1
	hypothetical protein EIK77_010615

	KAI7977563.1
	hypothetical protein EIK77_00513

	KAI7968927.1
	hypothetical protein EIK77_007622

	KAI7968496.1
	hypothetical protein EIK77_006515

	KAI7977394.1
	hypothetical protein EIK77_004810

	KAI7974729.1
	hypothetical protein EIK77_003877

	KAI7976963.1
	hypothetical protein EIK77_002084

	KAI7974270.1
	hypothetical protein EIK77_006205

	KAI7975260.1
	hypothetical protein EIK77_007389

	KAI7968238.1
	hypothetical protein EIK77_010408

	KAI7975952.1
	hypothetical protein EIK77_007278

	KAI7974028.1
	hypothetical protein EIK77_001670

	KAI7970562.1
	hypothetical protein EIK77_004588

	KAI7974746.1
	hypothetical protein EIK77_003894

	KAI7972827.1
	hypothetical protein EIK77_003973

	KAI7970238.1
	hypothetical protein EIK77_000240

	KAI7978219.1
	hypothetical protein EIK77_009759

	KAI7977726.1
	hypothetical protein EIK77_009266

	KAI7975443.1
	hypothetical protein EIK77_006399

	KAI7976155.1
	hypothetical protein EIK77_002008

	KAI7972161.1
	hypothetical protein EIK77_001727

	KAI7969508.1
	hypothetical protein EIK77_005138

	GAM41177.1
	glycerol proton symporter

	KAI7976323.1
	hypothetical protein EIK77_010796

	KAI7973755.1
	hypothetical protein EIK77_001818

	KAI7970508.1
	hypothetical protein EIK77_005226

	KAI7974614.1
	hypothetical protein EIK77_003762
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 Fig S1. Expression levels of mfs11 and mfs12 in T. pinophilus was confirmed using RT-qPCR. No significant change in their expression levels in the presence of Avicel suggests mfs11 and mfs12 may have role in transport of saccharides other than cellodextrins 
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Fig S2. Knock out of mfs1 and mfs6 using Agrobacterium-mediated transformation. A-B. Schematics for knockout. C. mfs1 knockout Lane1 M, Lane 2-3 Flanking primers, Lane 4-5 Hygromycin primers, Lane 6-7 gene specific primers. D. mfs6 knockout confirmation using diagnostic PCR, flanking primers (in Lane 4). Lane 9 WT, Lane 10 Plasmid positive control
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Fig S3. Compensatory upregulation of alternative sugar transporters in Δmfs1 and Δmfs6 backgrounds. qRT-PCR analysis of 4 other highly upregulated CDTs (mfs3, mfs9, mfs10, mfs13) in knockout strains relative to WT after growth in minimal media with 1% Avicel. Δmfs1/Δmfs6 show upregulation of mfs3.
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Fig S4. Overexpression cassettes for mfs1 and mfs6. Schematic representation of (A) mfs1 and (B) mfs6 overexpression constructs in the pTrEno vector, where each gene was cloned under the native cbh1 promoter and fused to the TrpC terminator, together with the respective fungal selection markers.
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Fig S5. RT-qPCR validation of mfs1 and mfs6 overexpression A. mfs1 transcript levels relative to WT. B. mfs6 transcript levels relative to WT.
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Fig S6. A. Multiple CreA binding sites in mfs1 and mfs6 promoter regions are highlighted in red. B. creA is upregulated in the presence of 1% cellobiose compared to no carbon

A
[image: image11.emf]mfs1

-2

0

2

4

l

o

g

2

F

C

 

w

r

t

 

 

W

T

mfs1

-1

ΔcreA-

mfs1

-2

WT

ΔcreA-

mfs1

-1

mfs6

-2

0

2

4

l

o

g

2

F

C

 

w

r

t

 

 

W

T

ΔcreA-

mfs6

-1

mfs6

-1

mfs6

-2

ΔcreA-

mfs6

-2

WT


B

 
[image: image7.emf]11 13

0

5

5.5

6.0

6.5

7.0

7.5

days

D

i

a

m

e

t

e

r  

(

i

n

 

c

m

)

WT

mfs1OE

mfs6OE

***

****

****

*


Fig S7. Growth phenotype of overexpression strains on cellobiose-containing medium.
A. Representative colony morphology of wild-type (WT), Tp::Pcbh1-mfs6 and Tp::Pcbh1-mfs1 strains grown on Vogel’s medium supplemented with 1% cellobiose. B. The bar graph shows colony diameter measured at days 11 and 13. Data are presented as mean and SD.
[image: image12.png]



Fig S8. Secretome analysis for overexpression strains using SDS-PAGE. 

Lane 1- WT, Lane 2- mfs1 OE, Lane 3- mfs6 OE, Lane 4- ΔcreA, Lane 5- ΔcreA-mfs1, Lane 6- ΔcreA -mfs6. Overexpression strains show enrichment for multiple extracellular protein bands compared with WT, with a prominent band observed around ~70 kDa, consistent with the annotated size of cbh1 in this strain.


[image: image8.emf]16:00:00 24:00:00

-50

-25

0

25

50

75

Saccharification

%

 

c

h

a

n

g

e

 

i

n

 

s

a

c

c

h

a

r

i

f

i

c

a

t

i

o

n

e

f

f

i

c

i

e

n

c

y

 

w

r

t

 

 

W

T

WT

ΔcreA-mfs1

ΔcreA-mfs6

ΔcreA


Fig S9. Saccharification efficiency of engineered strains. ΔcreA-mfs1 and ΔcreA-mfs6 genotype show increased saccharification efficiency over WT and ΔcreA. Glucose release from acid-pretreated rice straw (5% solids, 30 mg enzyme/g polysaccharide, 50°C, shaking) estimated using GOPOD assay.
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Fig S10. Avicelase activity of double overexpression strains ΔcreA-mfs1, ΔcreA-mfs1-mfs6, and ΔcreA-mfs1-mfs6 strains were grown in complex media (2.14% Avicel + 2.4% wheat bran). No significant increase was observed between single mfs1 OE and double mfs1/mfs6 OE strain in ΔcreA background
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