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Oligonucleotide sequences

Table S1: Primer and gBlocks used for cloning and sequencing. Lower case letters denote BsaI cleavage sites with accompanying inserted bases for specific overhang creation.
	Primer/gBlock number
	Name
	Sequence (5’-3’)

	P1
	Seq-MCS-for
	GAAGCAGCCCAGTAGTAG

	P2
	Seq-MCS-rev
	CGGATATAGTTCCTCCTTTCAG

	P3
	Insert-contr
	ATAGGGGAAGACGAAGAGAGAAGGGTAATAATAAGGAGGTTATTTATGCTGGAGGATCCGGAACGCAACAAAGAGCGAAAGGAAGCTGAGTTG

	P4
	Insert-contr-for
	ggtctcaATAGGGGAAGACGAAG

	P5
	Insert-contr-rev
	ggtctctctCAACTCAGCTTCCTTTC

	P6
	Backbone-contr-for
	ggtctcatgCAAGCTCAAACCGCTGA

	P7
	Backbone-contr-rev
	ggtctctctatAGTGAGTCGTATTAATTTCGC

	P8
	Insert-Strep-TNFa-for
	ggtctcaatGTCCGTTCCAGCAG

	P9
	Insert-Strep-TNFa-rev
	ggtctctcgGGCTTTGTTAGCAGCC

	P10
	Backbone-Strep-TNFa-for
	ggtctcaccCGAAAGGAAGCTGAGTTG

	P11
	Backbone-Strep-TNFa-rev
	ggtctctacATCCGCCACATCCAC

	P12
	gBlock-for
	ggtctcaGTTTTGCGCCATTCGAT

	P13
	gBlock-rev
	ggtctctaacaGCACTTGAGAATAAATCAG

	P14
	Backbone-for
	ggtctcaTGTTCAAAGGTCAGGGTTG

	P15
	Backbone-rev
	ggtctctaaacCTTTCGCGGTATGGCAT

	P16
	T7AC-RARE-for
	ggtctcaGAAAGGAATAAAGAAAGGAAA
GAAGCTGAGTTGCAAG

	P17
	T7AC-RARE-rev
	ggtctcttttcGGGATCTTCTAGCATATGTATATCTCCTTC

	G1
	gBlock-opti
	ggtctcaGTTTTGCGCCATTCGATGGTGTCCGGGATCTCGACGCTCTCCCTTATGCGACTCCTGCATTAGGAAGCAGCCCAGTAGTAGGTTGAGGCCGTTGAGCACCGCCGCCGCAAGGAATGGTGCATGCAAGGAGATGGCGCCCAACAGTCCCCCGGCCACGGGGCCTGCCACCATACCCACGCCGAAACAAGCGCTCATGAGCCCGAAGTGGCGAGCCCGATCTTCCCCATCGGTGATGTCGGCGATATAGGCGCCAGCAACCGCACCTGTGGCGCCGGTGATGCCGGCCACGATGCGTCCGGCGTAGAGGATCGAGATCGATCTCGATCCCGCGAAATTAATACGACTCACTATAGGGGAAAATAACGAAAGGGGTTAATATAAGGTAAAGTAAGGAGGTTTTTTATGCTGGAGGATCCGGAACGCAACAAAGAGCGAAAGGAAGCTGAGTTGCAAGCTCAAACCGCTGAGCAACACCATCATCACCATCATAGCGCGTGGAGCCATCCGCAGTTTGAAAAAGGCAGCGGCGTGGATGTGGCGGATGTCCGTTCCAGCAGCCGTACGCCGAGCGATAAACCTGTCGCGCACGTAGTGGCGAATCCGCAAGCCGAGGGTCAGCTGCAGTGGCTGAATCGTCGCGCGAACGCGCTGCTGGCCAATGGTGTTGAGCTGCGTGACAACCAACTGGTTGTTCCATCCGAAGGCCTGTACCTGATTTATTCTCAAGTGCtgttagagacc

	G2
	gBlock-ExpE
	ggtctcaGTTTTGCGCCATTCGATGGTGTCCGGGATCTCGACGCTCTCCCTTATGCGACTCCTGCATTAGGAAGCAGCCCAGTAGTAGGTTGAGGCCGTTGAGCACCGCCGCCGCAAGGAATGGTGCATGCAAGGAGATGGCGCCCAACAGTCCCCCGGCCACGGGGCCTGCCACCATACCCACGCCGAAACAAGCGCTCATGAGCCCGAAGTGGCGAGCCCGATCTTCCCCATCGGTGATGTCGGCGATATAGGCGCCAGCAACCGCACCTGTGGCGCCGGTGATGCCGGCCACGATGCGTCCGGCGTAGAGGATCGAGATCGATCTCGATCCCGCGAAATTAATACGACTCACTATAGGGGAAAGGGTTAACTTTAAAAAGGGACGAAGGAGGTATTTTATGCTGGAGGATCCGGAACGCAACAAAGAGCGAAAGGAAGCTGAGTTGCAAGCTCAAACCGCTGAGCAACACCATCATCACCATCATAGCGCGTGGAGCCATCCGCAGTTTGAAAAAGGCAGCGGCGTGGATGTGGCGGATGTCCGTTCCAGCAGCCGTACGCCGAGCGATAAACCTGTCGCGCACGTAGTGGCGAATCCGCAAGCCGAGGGTCAGCTGCAGTGGCTGAATCGTCGCGCGAACGCGCTGCTGGCCAATGGTGTTGAGCTGCGTGACAACCAACTGGTTGTTCCATCCGAAGGCCTGTACCTGATTTATTCTCAAGTGCtgttagagacc





Fermentation parameters

Table S2: Fermentation conditions for all 5'UTR variations
	
	Temp. [°C]
	CDM [g/L]
	Vol. [mL]
	Duration [h]
	µ [h-1]
	Generations

	Batch
	37
	9.8
	500
	8.5
	-
	-

	Fed- Batch
	30
	38.6
	1038
	21.0
	0.1
	3.0



Induction was carried out at feed hour 14 with an IPTG pulse added directly into the bioreactor corresponding to 2 µmol IPTG per gram of biomass at the end of fermentation.

	
	Temp. [°C]
	CDM [g/L]
	Vol. [mL]
	Duration [h]
	µ [h-1]
	Generations

	Batch
	37
	6.7
	500
	7.5
	-
	-

	Fed- Batch
	30
	40.4
	1014
	25.0
	0.1
	3.6


Table S3: Fermentation conditions for all rare codon experiments

Induction was carried out at feed hour 17 with an IPTG pulse added directly into the bioreactor corresponding to 2 µmol IPTG per gram of biomass at the end of fermentation.






Table S4: Summarizing data of Figure 3
	T7AC-PTH
	CDM [g/L]
	feed [h]
	spec. titer [mg/g CDM]
	SD [mg/g CDM]
	vol. titer [g/L]
	SD [g/L]

	
	27.3
	17
	0.0
	
	0.0
	

	
	31.8
	19
	4.6
	
	0.1
	

	
	35.0
	21
	11.5
	
	0.4
	

	
	37.0
	23
	32.2
	
	1.2
	

	
	38.8
	25
	46.2
	2.4
	1.8
	0.09

	
	
	
	
	
	
	

	T7ACrare-PTH
	CDM [g/L]
	feed [h]
	spec. titer [mg/g CDM]
	SD [mg/g CDM]
	vol. titer [g/L]
	SD [g/L]

	
	25.6
	17
	0.0
	
	0.0
	

	
	28.9
	19
	12.5
	
	0.4
	

	
	32.1
	21
	27.8
	
	0.9
	

	
	35.5
	23
	71.9
	
	2.5
	

	
	38.7
	25
	97.2
	5.3
	3.6
	0.20

	
	
	
	
	
	
	

	T7AC-hFGF2
	CDM [g/L]
	feed [h]
	spec. titer [mg/g CDM]
	SD [mg/g CDM]
	vol. titer [g/L]
	SD [g/L]

	
	26.7
	17
	0.0
	
	0.0
	

	
	31.2
	19
	
	
	
	

	
	34.2
	21
	10.6
	
	0.4
	

	
	37.3
	23
	40.1
	
	1.5
	

	
	36.0
	25
	56.4
	3.3
	2.0
	0.12

	
	
	
	
	
	
	

	T7ACrare-hFGF2
	CDM [g/L]
	feed [h]
	spec. titer [mg/g CDM]
	SD [mg/g CDM]
	vol. titer [g/L]
	SD [g/L]

	
	27.7
	17
	0.0
	
	0.0
	

	
	30.9
	19
	15.7
	
	0.5
	

	
	33.3
	21
	23.1
	
	0.8
	

	
	35.7
	23
	55.6
	
	2.0
	

	
	37.5
	25
	72.7
	4.7
	2.7
	0.18

	
	
	
	
	
	
	

	T7AC-TNFα
	CDM [g/L]
	feed [h]
	spec. titer [mg/g CDM]
	SD [mg/g CDM]
	vol. titer [g/L]
	SD [g/L]

	
	27.8
	17
	0.0
	
	0.0
	

	
	31.3
	19
	5.8
	
	0.2
	

	
	33.9
	21
	9.9
	
	0.3
	

	
	35.8
	23
	26.1
	
	0.9
	

	
	36.8
	25
	31.2
	3.8
	1.1
	0.14

	
	
	
	
	
	
	

	T7ACrare-TNFα
	CDM [g/L]
	feed [h]
	spec. titer [mg/g CDM]
	SD [mg/g CDM]
	vol. titer [g/L]
	SD [g/L]

	
	27.9
	17
	0.0
	
	0.0
	

	
	31.5
	19
	18.9
	
	0.6
	

	
	34.7
	21
	46.8
	
	1.6
	

	
	37.6
	23
	114.3
	
	4.3
	

	
	39.2
	25
	164.8
	11.1
	6.5
	0.44



Table S5: Raw data and results of T7AC and T7ACrare variant statistical testing
[image: ]

RT-qPCR primer sequences and testing

	Target
	Direction
	Sequence 5’-3’
	Length [nt]
	Primer efficiency

	16S rRNA
	Reverse
	CTGATTCACCGTGGCATTCT
	20
	90.6%

	16S rRNA
	Forward
	CCTCATAAAGTGCGTCGTAGT
	21
	90.6%

	TNFα
	Reverse
	AATCCGGGCGGTTGATTT
	18
	95.6%

	TNFα
	Forward
	TGTTGCTGACCCATACCATTAG
	22
	95.6%


Table S6: Sequences and primer efficiencies of all primer pairs used for RT-qPCR
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Description automatically generated]Figure S1: Standard curve of 16S rRNA primer testing
Figure S2: Melting temperature analysis of 16S rRNA RT-qPCR products
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Figure S3: Standard curve of TNFα primer testing
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Description automatically generated]Figure S4: Melting temperature analysis of TNFα RT-qPCR products



2

image2.png
Cq

Standard Curve

40 35 3.0
Log Starting Quantity

‘Standard
Unknown
SYBR  E= 90.6% R*2=0.998 Slope=-3.571 y-int=1.893





image3.png
-d(RFU)/dT

0.5

04

0.3

0.2

0.1

0.0

Melt Peak

Temperature, Celsius





image4.png
Cq

Standard Curve

40 35 3.0
Log Starting Quantity

‘Standard
Unknown
SYBR  E= 95.6% R*2=0.996 Slope=-3.433 y-int=6.499





image5.png
-d(RFU)/dT

03

0.2

0.1

0.0

Melt Peak

Temperature, Celsius





image1.emf
T7AC

rare

-PTH

analysis 1 analysis 2 analysis 3

mg/g CDM 102.72 90.19 99.71

T7AC-PTH analysis 1 analysis 2 analysis 3 analysis 4

mg/g CDM 42.46 45.95 49.03 47.13

t-Test: Two-Sample Assuming Unequal Variances

T7AC

rare

-PTH T7AC-PTH

Mean 97.54287533 46.14585387

Variance 42.78219177 7.63866518

Observations 3 4

Hypothesized Mean Difference 0

df 3

t Stat 12.78137603

P(T<=t) one-tail 0.000516677

t Critical one-tail 2.353363435

P(T<=t) two-tail 0.001033355

t Critical two-tail 3.182446305

T7AC

rare

-hFGF2

analysis 1 analysis 2 analysis 3 analysis 4

mg/g CDM 78.48 71.36 65.52 74.34

T7AC-hFGF2 analysis 1 analysis 2 analysis 3

mg/g CDM 59.82 57.49 52.01

t-Test: Two-Sample Assuming Unequal Variances

T7AC

rare

-hFGF2 T7AC-hFGF2

Mean 72.42394692 56.44038614

Variance 29.69996371 16.11049049

Observations 4 3

Hypothesized Mean Difference 0

df 5

t Stat 4.468386914

P(T<=t) one-tail 0.003294544

t Critical one-tail 2.015048373

P(T<=t) two-tail 0.006589088

t Critical two-tail 2.570581836

T7AC

rare

-TNFα

analysis 1 analysis 2 analysis 3 analysis 4

mg/g CDM 146.00 172.08 170.63 172.36

T7AC-TNFα analysis 1 analysis 2 analysis 3 analysis 4

mg/g CDM 36.21 33.31 27.57 27.51

t-Test: Two-Sample Assuming Unequal Variances

T7AC

rare

-TNFα T7AC-TNFα

Mean 165.268039 31.1518415

Variance 165.6323346 18.75664244

Observations 4 4

Hypothesized Mean Difference 0

df 4

t Stat 19.75348605

P(T<=t) one-tail 1.93715E-05

t Critical one-tail 2.131846786

P(T<=t) two-tail 3.87429E-05

t Critical two-tail 2.776445105


