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(A) pIVEX2.3 PfFNTopt

tcgcgcgtttcggtgatgacggtgaaaacctctgacacatgcagectcccggagacggtcacagettgtectgtaageggatgece
gggagcagacaagcccgtcagggcgcgtcagegggtgttggecgggtgtcggggectggecttaactatgecggcatcagagcagat
tgtactgagagtgcaccatcatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgccattcge
cattcaggctgcgcaactgttgggaagggcgatcggtgcgggectcecttegectattacgeccagectggcgaaagggggatgtgcet
gcaaggcgattaagttgggtaacgccagggttttcccagtcacgacgttgtaaaacgacggccagtgccaagcttgcatgcaa
ggagatggcgcccaacagtcccccggceccacggggcectgceccaccatacccacgeccgaaacaagcgctcatgageccgaagtgge
gagcccgatcttceccccatcggtgatgtcggecgatataggcgccagcaaccgcacctgtggecgecggtgatgecggeccacgatyg
cgtccggcgtagaggatcgagatctcgatcccgecgaaattaatacgactcactatagggagaccacaacggtttceccectcectaga
aataattttgtttaactttaagaaggagatatacatatgATGTACCCATACGACGTTCCTGACTACGCGGACACTAGTATGCC
TCCCAACAACTCGAAATATGTTCTTGACCCTGTTTCTATCAAAAGCGTGTGCGGAGGGGAAGAAAGCTATATCCGTTGTGTTG
AGTATGGCAAGAAGAAAGCCCATTACAGTAATCTGAATCTTTTAGCCAAAGCTATTCTGGCAGGGATGTTCGTAGGCCTGTGT
GCACATGCGTCAGGAATCGCGGGTGGGTTGTTCTACTACCACAAACTGCGTGAGATTGTTGGAGCGTCTATGAGTGTCTTTGT
GTACGGCTTTACATTTCCGATAGCATTCATGTGCATCATCTGTACCGGTTCGGATTTGTTTACCGGTAATACACTAGCGGTCA
CAATGGCACTGTACGAAAAGAAAGTTAAACTTTTAGACTATCTCCGGGTTATGACCATCTCGTTATTTGGGAACTATGTCGGT
GCAGTCTCATTTGCTTTCTTTGTGTCCTACTTGTCGGGTGCTTTCACTAACGTGCATGCTGTGGAAAAGAATCATTTCTTTCA
GTTTCTGAATGATATCGCAGAGAAGAAAGTTCACCATACATTTGTGGAATGCGTTAGCTTAGCCGTGGGTTGTAACATATTTG
TATGCTTGGCGGTGTATTTCGTGCTGACTCTCAAAGATGGGGCTGGGTATGTATTTTCTGTGTTCTTTGCAGTTTATGCCTTT
GCGATTGCCGGCTATGAGCATATCATAGCCAACATCTATACCCTGAATATAGCCCTGATGGTGAATACGAAGATTACGGTGTA
TCAGGCCTATATTAAAAACCTGCTGCCGACACTGTTGGGCAACTACATTGCGGGTGCGATTGTCCTGGGACTGCCGCTGTATT
TCATTTACAAAGAACACTACTACAACTTCGAACGCAGTAAACGCGACAACAATGATGCGCAAATGAAATCCCTGAGCATTGAA
CTGCGCAACctcgagCACCACCACCACCACCACCATCATCATCATtgagatccggectgectaacaaagececcgaaaggaagectga
gttggctgctgccaccgctgagcaataactagcataaccccttggggecctctaaacgggtcttgaggggttttttgectgaaag
gaggaactatatccggatatccacaggacgggtgtggtcgccatgatcgecgtagtcgatagtggctccaagtagcgaagcgag
caggactgggcggcggccaaagcggtcggacagtgctccgagaacgggtgecgcatagaaattgcatcaacgcatatagegeta
gcagcacgccatagtgactggcgatgctgtcggaatggacgatatcccgcaagaggcccggcagtaccggcataaccaagcect
atgcctacagcatccagggtgacggtgccgaggatgacgatgagcgcattgttagatttcatacacggtgectgactgegtta
gcaatttaactgtgataaactaccgcattaaagcttatcgatgataagctgtcaaacatgagaattcgtaatcatgtcatagce
tgtttcctgtgtgaaattgttatccgctcacaattccacacaacatacgagccggaagcataaagtgtaaagecctggggtgcece
taatgagtgagctaactcacattaattgcgttgcgctcactgeccecgetttccagtecgggaaacctgtecgtgeccagetgecatta
atgaatcggccaacgcgcggggagaggcggtttgegtattgggegetecttececgettectegetcactgactegetgegetegg
tcgttcggctgcggcgageggtatcagectcactcaaaggecggtaatacggttatccacagaatcaggggataacgcaggaaag
aacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgecgttgectggegttttteccataggectececgecceccee
tgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggecgtttceccecectg
gaagctccctcgtgcecgcectcectectgtteccgaccctgeccgettaccggatacctgtecgectttecteccttecgggaagegtggeg
ctttctcatagctcacgctgtaggtatctcagttcggtgtaggtcgttecgetccaagectgggectgtgtgcacgaaccecececegt
tcagcccgaccgcectgecgecttatceccggtaactatcecgtecttgagtccaacccggtaagacacgacttatcgeccactggcagecag
ccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtggecctaactacggctacact
agaaggacagtatttggtatctgcgctctgctgaagccagttaccttcggaaaaagagttggtagectcttgatccggcaaaca
aaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttga
tcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttce
acctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatg
cttaatcagtgaggcacctatctcagcgatctgtctatttcgttcatccatagttgecctgactccececgtegtgtagataacta
cgatacgggagggcttaccatctggccccagtgctgcaatgataccgcgagacccacgctcaccggctccagatttatcagea
ataaaccagccagccggaagggccgagcgcagaagtggtecctgcaactttatcececgecteccateccagtectattaattgttgecg
ggaagctagagtaagtagttcgccagttaatagtttgcgcaacgttgttgeccattgctacaggcatcgtggtgtcacgectegt
cgtttggtatggcttcattcagctccggttcccaacgatcaaggcgagttacatgatccecccatgttgtgcaaaaaagecggtt
agctccttcggtcecctceccgatecgttgtcagaagtaagttggeccgcagtgttatcactcatggttatggcagcactgcataatte
tcttactgtcatgccatccgtaagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgecgge
gaccgagttgctcttgcccggcgtcaatacgggataataccgcgceccacatagcagaactttaaaagtgctcatcattggaaaa
cgttcttcggggcgaaaactctcaaggatcttaccgectgttgagatccagttcgatgtaacccactcgtgcacccaactgate
ttcagcatcttttactttcaccagcgtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcga
cacggaaatgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgagecggatac
atatttgaatgtatttagaaaaataaacaaataggggttccgcgcacatttccccgaaaagtgccacctgacgtctaagaaac
cattattatcatgacattaacctataaaaataggcgtatcacgaggccctttcegtce
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(B) pPink-HC PfFNTopt

agatctaacatccaaagacgaaaggttgaatgaaacctttttgccatccgacatccacaggtccattctcacacataagtgcece
aaacgcaacaggaggggatacactagcagcagaccgttgcaaacgcaggacctccactcctcecttcectecctcaacacccactttt
gccatcgaaaaaccagcccagttattgggcttgattggagctcgctcattccaattecttctattaggctactaacaccatga
ctttattagcctgtctatcctggcccececctggecgaggttcatgtttgtttatttccgaatgcaacaagectececgecattacacce
gaacatcactccagatgagggctttctgagtgtggggtcaaatagtttcatgttccccaaatggecccaaaactgacagtttaa
acgctgtcttggaacctaatatgacaaaagcgtgatctcatccaagatgaactaagtttggttcgttgaaatgctaacggecca
gttggtcaaaaagaaacttccaaaagtcggcataccgtttgtcttgtttggtattgattgacgaatgctcaaaaataatctca
ttaatgcttagcgcagtctctctatcgecttctgaaccececggtgcacctgtgeccgaaacgcaaatggggaaacaccecgettttt
ggatgattatgcattgtctccacattgtatgcttccaagattctggtgggaatactgctgatagecctaacgttcatgatcaaa
atttaactgttctaacccctacttgacagcaatatataaacagaaggaagctgccctgtcttaaacctttttttttatcatca
ttattagcttactttcataattgcgactggttccaattgacaagcttttgattttaacgacttttaacgacaacttgagaaga
tcaaaaaacaactaattattcgaaacggaattcATGCCTCCCAACAACTCGAAATATGTTCTTGACCCTGTTTCTATCAAAAG
CGTGTGCGGAGGGGAAGAAAGCTATATCCGTTGTGTTGAGTATGGCAAGAAGAAAGCCCATTACAGTAATCTGAATCTTTTAG
CCAAAGCTATTCTGGCAGGGATGTTCGTAGGCCTGTGTGCACATGCGTCAGGAATCGCGGGTGGGTTGTTCTACTACCACAAA
CTGCGTGAGATTGTTGGAGCGTCTATGAGTGTCTTTGTGTACGGCTTTACATTTCCGATAGCATTCATGTGCATCATCTGTAC
CGGTTCGGATTTGTTTACCGGTAATACACTAGCGGTCACAATGGCACTGTACGAAAAGAAAGTTAAACTTTTAGACTATCTCC
GGGTTATGACCATCTCGTTATTTGGGAACTATGTCGGTGCAGTCTCATTTGCTTTCTTTGTGTCCTACTTGTCGGGTGCTTTC
ACTAACGTGCATGCTGTGGAAAAGAATCATTTCTTTCAGTTTCTGAATGATATCGCAGAGAAGAAAGTTCACCATACATTTGT
GGAATGCGTTAGCTTAGCCGTGGGTTGTAACATATTTGTATGCTTGGCGGTGTATTTCGTGCTGACTCTCAAAGATGGGGCTG
GGTATGTATTTTCTGTGTTCTTTGCAGTTTATGCCTTTGCGATTGCCGGCTATGAGCATATCATAGCCAACATCTATACCCTG
AATATAGCCCTGATGGTGAATACGAAGATTACGGTGTATCAGGCCTATATTAAAAACCTGCTGCCGACACTGTTGGGCAACTA
CATTGCGGGTGCGATTGTCCTGGGACTGCCGCTGTATTTCATTTACAAAGAACACTACTACAACTTCGAACGCAGTAAACGCG
ACAACAATGATGCGCAAATGAAATCCCTGAGCATTGAACTGCGCAACCctcgagATCGAAGGTCGTCACCACCACCACCACCAC
CATCATCATCATtgataatagggtaccggccggccatttaaatacaggceccccttttectttgtcgatatcatgtaattagtta
tgtcacgcttacattcacgccctcectecccacatccgectctaaccgaaaaggaaggagttagacaacctgaagtctaggtcecect
atttattttttttaatagttatgttagtattaagaacgttatttatatttcaaatttttcttttttttctgtacaaacgecgtyg
tacgcatgtaacattatactgaaaaccttgcttgagaaggttttgggacgctcgaaggctttaatttgcaagectggatccgeg
gccgccttccaaactctcatggattctcaggtaataggtattctaggaggaggccagctaggeccgaatgattgttgaggecge
tagcaggctcaatatcaagaccgtgattcttgatgatggtttttcacctgctaagcacattaatgctgcgcaagaccacatcg
acggatcattcaaagatgaggaggctatcgccaagttagctgccaaatgtgatgttctcactgtagagattgagcatgtcaac
acagatgctctaaagagagttcaagacagaactggaatcaagatatatcctttaccagagacaatcgaactaatcaaggataa
gtacttgcaaaaggaacatttgatcaagcacaacatttcggtgacaaagtctcagggtatagaatctaatgaaaaggcgctgce
ttttgtttggagaagagaatggatttccatatctgttgaagtcccggactatggecttatgatggaagaggcaattttgtagtyg
gagtctaaagaggacatcagtaaggcattagagttcttgaaagatcgtccattgtatgccgagaagtttgectecttttgttaa
agaattagcggtaatggttgtgagatcactggaaggcgaagtattctcctacccaaccgtagaaactgtgcacaaggacaata
tctgtcatattgtgtatgctccggccagagttaatgacaccatccaaaagaaagctcaaatattagctgaaaacactgtgaag
actttcccaggcgctggaatcttcggagttgagatgttcecctattgtctgatggagaacttcttgtaaatgagattgectceccaag
gccccacaattctggtcactatacaatcgatgcatgtgtaacatctcagttcgaagcacatgtaagagccataactggtctge
caatgccactagatttcaccaaactatctacttccaacaccaacgctattatgctcaatgttttgggtgctgaaaaatctcac
ggggaattagagttttgtagaagagccttagaaacacccggtgecttctgtatatctgtacggaaagaccacccgattggeteg
taagatgggtcatatcaacataataggatcttccatgttggaagcagaacaaaagttagagtacattctagaagaatcaaccc
acttaccatccagtactgtatcagctgacactaaaccgttggttggagttatcatgggttcagactctgatctacctgtgatt
tcgaaaggttgcgatattttaaaacagtttggtgttccattcgaagttactattgtctctgctcatagaacaccacagagaat
gaccagatatgcctttgaagccgctagtagaggtatcaaggctatcattgcaggtgctggtggtgectgctcatectteccaggaa
tggttgctgccatgactccgttgccagtcattggtgttecctgtcaagggectctacgttggatggtgtagactcgectacacteg
attgtccaaatgcctagaggtgttcctgtggctacggttgctatcaacaacgccaccaatgeccgectcectgttggeccatcaggat
tttaggtacaattgaccacaaatggcaaaaggaaatgtccaagtatatgaatgcaatggagaccgaagtgttggggaaggcat
ccaacttggaatctgaagggtatgaatcctatttgaagaatcgtctttgaatttagtattgttttttaatagatgtatatata
atagtacacgtaacttatctattccattcataattttattttaaaggttcggtagaaatttgtcctccaaaaagttggttaga
gcctggcagttttgataggcattattatagattgggtaatatttaccctgcacctggaggaactttgcaaagagcecctcatgtyg
cggcgcgccaggccataatggccaaacggtttctcaattactatatactactaaccatttacctgtagegtatttettttece
tcttcgcgaaagctcaagggcatcttcttgactcatgaaaaatatctggatttcttctgacagatcatcacccttgageccaa
ctctctagcctatgagtgtaagtgatagtcatcttgcaacagattattttggaacgcaactaacaaagcagatacacccttca
gcagaatcctttctggatattgtgaagaatgatcgccaaagtcacagtcctgagacagttcctaatctttaccccatttacaa
gttcatccaatcagacttcttaacgcctcatctggcttatatcaagcttaccaacagttcagaaactcccagtccaagtttet
tgcttgaaagtgcgaagaatggtgacaccgttgacaggtacacctttatgggacattcccccagaaaaataatcaagactggg
cctttagagggtgctgaagttgaccccttggtgecttctggaaaaagaactgaagggcaccagacaagcgcaacttcecctggtat
tcctcecgtctaagtggtggtgeccataggatacatctcecgtacgattgtattaagtactttgaaccaaaaactgaaagaaaactga
aagatgttttgcaacttccggaagcagctttgatgttgttcgacacgatcgtggcttttgacaatgtttatcaaagattccag
gtaattggaaacgtttctctatccgttgatgactcggacgaagctattcttgagaaatattataagacaagagaagaagtgga
aaagatcagtaaagtggtatttgacaataaaactgttccctactatgaacagaaagatattattcaaggccaaacgttcacct
ctaatattggtcaggaagggtatgaaaaccatgttcgcaagctgaaagaacatattctgaaaggagacatcttccaagectgtt
ccctctcaaagggtagccaggccgacctcattgcacccectttcaacatctatcgtcatttgagaactgtcaatceccttcectcecata
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catgttctatattgactatctagacttccaagttgttggtgcttcacctgaattactagttaaatccgacaacaacaacaaaa
tcatcacacatcctattgctggaactcttcccagaggtaaaactatcgaagaggacgacaattatgctaagcaattgaagtcg
tctttgaaagacagggccgagcacgtcatgctggtagatttggccagaaatgatattaaccgtgtgtgtgagecccaccagtac
cacggttgatcgtttattgactgtggagagattttctcatgtgatgcatcttgtgtcagaagtcagtggaacattgagaccaa
acaagactcgcttcgatgctttcagatccattttcccagcaggaaccgtcteccggtgecteccgaaggtaagagcaatgcaacte
ataggagaattggaaggagaaaagagaggtgtttatgcgggggccgtaggacactggtcgtacgatggaaaatcgatggacac
atgtattgccttaagaacaatggtcgtcaaggacggtgtcgcttaccttcaageccggaggtggaattgtctacgattctgacce
cctatgacgagtacatcgaaaccatgaacaaaatgagatccaacaataacaccatcttggaggctgagaaaatctggaccgat
aggttggccagagacgagaatcaaagtgaatccgaagaaaacgatcaatgaacggaggacgtaagtaggaatttatggtttgg
ccataatggcctagcttggcgtaatcatggtcatagectgtttcecctgtgtgaaattgttatccgectcacaattccacacaacat
acgagccggaagcataaagtgtaaagcctggggtgecctaatgagtgagctaactcacattaattgecgttgegectcactgeccg
ctttccagtcgggaaacctgtcgtgccagctgcattaatgaatcggccaacgcgcggggagaggecggtttgegtattgggege
tcttccgecttecctegetcactgactegetgegetecggtegttecggectgecggecgageggtatcagetcactcaaaggecggtaat
acggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaagg
ccgcgttgctggegtttttceccataggectcececgeccececctgacgagcatcacaaaaatcgacgctcaagtcagaggtggecgaaac
ccgacaggactataaagataccaggcgtttcccecctggaagctceccecctegtgegetetectgttecgaccectgecgettacecgg
atacctgtccgectttcectececcttecgggaagegtggegetttectcatagetcacgetgtaggtatectcagtteggtgtaggteg
ttcgctccaagctgggectgtgtgcacgaacccecececgttcageccgaccgectgegecttateccggtaactategtettgagtee
aacccggtaagacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggecggtgctac
agagttcttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgcgctctgctgaageccagttacct
tcggaaaaagagttggtagctcttgatccggcaaacaaaccaccgctggtagecggtggtttttttgtttgcaagcagcagatt
acgcgcagaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgtta
agggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatctaaa
gtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttegttca
tccatagttgcctgactcccecgtecgtgtagataactacgatacgggagggcttaccatctggeccccagtgectgcaatgatacce
gcgagacccacgctcaccggctccagatttatcagcaataaaccagccageccggaagggccgagcgcagaagtggtectgcecaa
ctttatccgcctccatccagtctattaattgttgeccgggaagectagagtaagtagttecgeccagttaatagtttgecgecaacgtt
gttgccattgctacaggcatcgtggtgtcacgctecgtegtttggtatggcttcattcagetccggttcccaacgatcaaggeg
agttacatgatcccccatgttgtgcaaaaaagcggttagctceccttecggtecteccgatecgttgtcagaagtaagttggecgecag
tgttatcactcatggttatggcagcactgcataattctcttactgtcatgccatccgtaagatgecttttctgtgactggtgag
tactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgctcttgecccggegtcaatacgggataataccgecgcec
acatagcagaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgectgttgagat
ccagttcgatgtaacccactcgtgcacccaactgatcttcagcatcttttactttcaccagecgtttctgggtgagcaaaaaca
ggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaatactcatactcttecctttttcaatattattyg
aagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgcgceca
catttccccgaaaagtgccacctgacgtctaagaaaccattattatcatgacattaacctataaaaataggcgtatcacgagg
ccctttecgtcectecgegegtttecggtgatgacggtgaaaacctctgacacatgcagectcccggagacggtcacagettgtetgta
agcggatgccgggagcagacaagcccgtcagggecgegtcagegggtgttggegggtgtcggggetggettaactatgeggeat
cagagcagattgtactgagagtgcaccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggecge
cattcgccattcaggctgecgcaactgttgggaagggcgatcggtgecgggectecttegetattacgeccagectggecgaaaggggg
atgtgctgcaaggcgattaagttgggtaacgccagggttttcccagtcacgacgttgtaaaacgacggccagtgaattg

Supplementary Fig. S1. DNA sequences of the used expression constructs. (A) Cell-free
PfFNT was transcribed from the pIVEX2.3 plasmid. (B) P. pastoris PfFNT was transcribed
from the pPink-HC plasmid. The plasmid sequences are shown in lower case, the coding
regions in upper case.
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Supplementary Fig. S2. Ni*"-affinity purification of P. pastoris expressed PfENT in LDAO
(A), DDM (B), and B-OG (C) via C-terminal His-tags. PfFNT monomers have a molecular
mass of 30 kDa, the pentamer accordingly of 150 kDa.



Frontiers Supplementary Figure

Cell-free and yeast-based production of the malarial lactate transporter, PfFNT,
delivers comparable yield and protein quality
P. Hajek, A. Bader, F. Helmstetter, B. Henke, P. Arnold, E. Beitz

Imidazole (mM)

(A)
20 80 100 200 300 400 500

kDa |
120-| =

85 -

50 -

35 -

-
25 -
cell-free DM

B Imidazole (mM)

(B) 20 80 100 200 300 400 500
kDa e o
120 - .

85 -]

50 -

35 -

’5 -

cell-free DDM

Supplementary Fig. S3. Detergent exchange during Ni**-affinity chromatography from Brij78
to DM (A) and DDM (B) of cell-free produced PfFNT. Monomers have a molecular mass of
30 kDa, the pentamer accordingly of 150 kDa. The laddering indicates partially SDS-resistant
homooligomers up to the pentamer.
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Supplementary Fig. S4. Transmission electron microscopy of P. pastoris expressed PfFNT in
LDAO (A) and DDM (B). Both detergents led to blurry particle images and were inferior to
DM (see Fig. 2 of the main paper).



