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[bookmark: _Hlk90141560]Table S1. Primers used in this study.
	Primer Name
	Sequence (5ˊ→ 3ˊ)

	Tr3tr4-F
	CGTAAGCTTCCCGGGATGAGAACAC

	Tr4-R
	ATTGCTAGCGTGGTGGTGGTGGTGGTGATGTTTCAGCATA

	Tr3-R
	ATAGCTAGCGTGGTGGTGGTGGTGGTGATCAAATTCTCTAAC



[bookmark: _Hlk90141568]Table S2. Nucleic acid and protein impurities in purified HA samples.
	Strains 
	DNA impurity 
	Protein impurity 

	
	(A260 nm)
	(mg/L)
	%

	RBSFA
	0.022±0.004
	0.6±0.2
	0.06±0.2

	RBSTr3
	0.019±0.007
	0.4±0.3
	0.04±0.3

	RBSTr4
	0.021±0.006
	0.3±0.3
	0.03±0.3

	Acceptance limit according to EP (HA monograph) a

	≤0.5
	≤1
	≤0.1
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A)

Terminator
His6-tag
HindIII
hasA
NheI
SalI
NheI


AAGCTTATGAGAACACTTAAAAATCTGATCACGGTTGTTGCATTTAGCATCTTTTGGGTTCTGCTGATCTATGTTAATGTTTATTTATTTGGCGCAAAAGGCTCACTGTCAATCTATGGCTTTCTGCTGATCGCATATTTACTGGTTAAAATGAGCCTTAGCTTTTTTTATAAACCGTTTAAAGGAAGAGCAGGCCAATATAAAGTTGCAGCAATTATCCCGAGCTATAATGAAGATGCAGAATCATTACTTGAAACACTTAAATCAGTTCAACAACAAACGTATCCTCTGGCAGAAATCTATGTTGTTGATGATGGAAGCGCAGATGAAACAGGAATTAAACGCATCGAAGATTATGTTCGCGATACGGGGGATCTCTCTTCTAATGTTATCGTTCATCGCTCAGAAAAAAATCAAGGCAAACGCCATGCACAAGCATGGGCATTTGAACGCTCAGATGCAGATGTTTTTCTTACAGTTGATAGCGATACGTATATCTATCCGGATGCACTTGAAGAACTTCTTAAAACATTTAATGATCCGACAGTTTTTGCAGCAACGGGACATCTTAATGTTAGAAATAGACAAACGAATTTACTGACACGCCTGACGGATATTCGCTATGATAATGCATTTGGAGTTGAACGCGCAGCACAAAGCGTTACAGGCAATATCCTGGTTTGCTCAGGACCTCTGTCAGTTTATAGACGCGAAGTTGTTGTTCCTAATATCGATAAATATATTAATCAAACGTTTCTTGGGATTCCGGTTAGCATCGGCGATGATCGCTGCCTGACGAATTATGCAACGGATCTGGGCAAAACGGTTTATCAATCTACAGCAAAATGCATTACGGATGTTCCGGATAAAATGTCTACGTATCTTAAACAACAAAATAGATGGAATAAATCGTTTTTTCGCGAATCAATTATCTCAGTTAAAAAAATCATGAATAATCCGTTTGTTGCACTGTGGACGATCCTGGAAGTTAGCATGTTTATGATGCTGGTTTATAGCGTTGTTGATTTTTTTGTTGGCAATGTTAGAGAATTTGATTGGCTGCGCGTTCTGGCATTTCTGGTTATTATCTTTATCGTTGCACTGTGCCGCAATATTCATTATATGCTGAAACATCCGCTGAGCTTTCTGCTGTCACCGTTTTATGGAGTTCTTCATTTATTTGTTCTTCAACCTCTGAAACTGTATAGCCTGTTTACGATTCGCAATGCAGATTGGGGCACACGCAAAAAACTGCTTGCTAGCCATCATCATCATCATCATTAAGCTAGCTAAGTGTGAAAAAAAGCGCAGCTGAAATAGCTGCGCTTTTTTGTGTCATAACCCTTTACAGTCAGCGCAGCTGAAATAGCTGCGCGTCGAC

B)
[image: D:\Amjad PhD Thesis\Construct Design\Cloning\Replicatvie\Edited HasA2-pDG148 Map.png]
Fig. S1. The full length hasA expression cassette. (A) Construct harboring hasA gene along with restriction sites, termination codon and terminator region. (B) E. coli-Bacillus shuttle expression vector pDG148-hasA including full-length hasA gene (1251bp).
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Fig. S2. PCR products gel electrophoresis of full-length and truncated form of has A. (A): Lane 1: DNA marker, Lane 2:  full-length has A (1251bp), (B):  Lane 1 Tr4 (1128 bp), Lane 2: Tr3 (1050), and Lane 3: DNA marker.

A)

Terminator
His6-tag
HindIII
Tr4
NheI
SalI
NheI


AAGCTTATGAGAACACTTAAAAATCTGATCACGGTTGTTGCATTTAGCATCTTTTGGGTTCTGCTGATCTATGTTAATGTTTATTTATTTGGCGCAAAAGGCTCACTGTCAATCTATGGCTTTCTGCTGATCGCATATTTACTGGTTAAAATGAGCCTTAGCTTTTTTTATAAACCGTTTAAAGGAAGAGCAGGCCAATATAAAGTTGCAGCAATTATCCCGAGCTATAATGAAGATGCAGAATCATTACTTGAAACACTTAAATCAGTTCAACAACAAACGTATCCTCTGGCAGAAATCTATGTTGTTGATGATGGAAGCGCAGATGAAACAGGAATTAAACGCATCGAAGATTATGTTCGCGATACGGGGGATCTCTCTTCTAATGTTATCGTTCATCGCTCAGAAAAAAATCAAGGCAAACGCCATGCACAAGCATGGGCATTTGAACGCTCAGATGCAGATGTTTTTCTTACAGTTGATAGCGATACGTATATCTATCCGGATGCACTTGAAGAACTTCTTAAAACATTTAATGATCCGACAGTTTTTGCAGCAACGGGACATCTTAATGTTAGAAATAGACAAACGAATTTACTGACACGCCTGACGGATATTCGCTATGATAATGCATTTGGAGTTGAACGCGCAGCACAAAGCGTTACAGGCAATATCCTGGTTTGCTCAGGACCTCTGTCAGTTTATAGACGCGAAGTTGTTGTTCCTAATATCGATAAATATATTAATCAAACGTTTCTTGGGATTCCGGTTAGCATCGGCGATGATCGCTGCCTGACGAATTATGCAACGGATCTGGGCAAAACGGTTTATCAATCTACAGCAAAATGCATTACGGATGTTCCGGATAAAATGTCTACGTATCTTAAACAACAAAATAGATGGAATAAATCGTTTTTTCGCGAATCAATTATCTCAGTTAAAAAAATCATGAATAATCCGTTTGTTGCACTGTGGACGATCCTGGAAGTTAGCATGTTTATGATGCTGGTTTATAGCGTTGTTGATTTTTTTGTTGGCAATGTTAGAGAATTTGATTGGCTGCGCGTTCTGGCATTTCTGGTTATTATCTTTATCGTTGCACTGTGCCGCAATATTCATTATATGCTGAAACATGCTAGCCATCATCATCATCATCATTAAGCTAGCTAAGTGTGAAAAAAAGCGCAGCTGAAATAGCTGCGCTTTTTTGTGTCATAACCCTTTACAGTCAGCGCAGCTGAAATAGCTGCGCGTCGAC

B)
[image: D:\Amjad PhD Thesis\Construct Design\Cloning\Replicatvie\Edited Tr4-3-pDG148 Map.png]
Fig. S3. The truncated form of Tr4 expression cassette. (A) Construct harboring Tr4 gene along with restriction sites, termination codon, and terminator regions. (B) E. coli-Bacillus shuttle expression vector pDG148-Tr4 including Tr4 gene (1128bp).
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AAGCTTATGAGAACACTTAAAAATCTGATCACGGTTGTTGCATTTAGCATCTTTTGGGTTCTGCTGATCTATGTTAATGTTTATTTATTTGGCGCAAAAGGCTCACTGTCAATCTATGGCTTTCTGCTGATCGCATATTTACTGGTTAAAATGAGCCTTAGCTTTTTTTATAAACCGTTTAAAGGAAGAGCAGGCCAATATAAAGTTGCAGCAATTATCCCGAGCTATAATGAAGATGCAGAATCATTACTTGAAACACTTAAATCAGTTCAACAACAAACGTATCCTCTGGCAGAAATCTATGTTGTTGATGATGGAAGCGCAGATGAAACAGGAATTAAACGCATCGAAGATTATGTTCGCGATACGGGGGATCTCTCTTCTAATGTTATCGTTCATCGCTCAGAAAAAAATCAAGGCAAACGCCATGCACAAGCATGGGCATTTGAACGCTCAGATGCAGATGTTTTTCTTACAGTTGATAGCGATACGTATATCTATCCGGATGCACTTGAAGAACTTCTTAAAACATTTAATGATCCGACAGTTTTTGCAGCAACGGGACATCTTAATGTTAGAAATAGACAAACGAATTTACTGACACGCCTGACGGATATTCGCTATGATAATGCATTTGGAGTTGAACGCGCAGCACAAAGCGTTACAGGCAATATCCTGGTTTGCTCAGGACCTCTGTCAGTTTATAGACGCGAAGTTGTTGTTCCTAATATCGATAAATATATTAATCAAACGTTTCTTGGGATTCCGGTTAGCATCGGCGATGATCGCTGCCTGACGAATTATGCAACGGATCTGGGCAAAACGGTTTATCAATCTACAGCAAAATGCATTACGGATGTTCCGGATAAAATGTCTACGTATCTTAAACAACAAAATAGATGGAATAAATCGTTTTTTCGCGAATCAATTATCTCAGTTAAAAAAATCATGAATAATCCGTTTGTTGCACTGTGGACGATCCTGGAAGTTAGCATGTTTATGATGCTGGTTTATAGCGTTGTTGATTTTTTTGTTGGCAATGTTAGAGAATTTGATGCTAGCCATCATCATCATCATCATTAAGCTAGCTAAGTGTGAAAAAAAGCGCAGCTGAAATAGCTGCGCTTTTTTGTGTCATAACCCTTTACAGTCAGCGCAGCTGAAATAGCTGCGCGTCGAC

B)
[image: D:\Amjad PhD Thesis\Construct Design\Cloning\Replicatvie\Edited Tr3-2-pDG148 Map.png]
Fig. S4. The truncated Tr3 expression cassette. (A) Construct harboring Tr3 gene along with cutting sites, termination codon, and terminator region. (B) E. coli-Bacillus shuttle expression vector pDG148-Tr3 including Tr3 gene (1050 bp).

[image: ]
Fig. S5. Gel electrophoresis of colony PCR on recombinant strains. Lane 1: RBSTr3 harboring pDG148-Tr3 vector, Lane 2: RBSTr4 harboring pDG148-Tr4 vector, Lane 3: RBSFA harboring pDG148-hasA vector, Lanes 4-5: Negative control, and Lane 6: DNA marker. The faint band of full-length hasA was probably due to the small number of primary colonies taken.
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Fig. S6. The cell growth and HA production plots. (A) HA production plots of RBSFA, RBSTr4, and RBSTr3 strains during from the starting point of inoculation up to 40 h. (B) Cell growth curves of RBSFA, RBSTr4, and RBSTr3 strains. The data are represented as Mean ± standard deviations from three independent experiments. 
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[image: D:\PaPeR\HA MW Cal...jpg]               [image: D:\PaPeR\HA MW Cal..jpg]
(C) 						
	Band Number
	Relative Migration (Rf)
	Molecular Weight (MW)

	1
	0.29
	509

	2
	0.367
	321

	3
	0.421
	240

	4
	0.58
	111

	5
	0.734
	31



(D)
[image: D:\PaPeR\HA MW Cal curve.jpg]
[bookmark: _GoBack]Fig. S7. The data of GelAnalyzer software for determination of purified HA Mw. Briefly, the distance of relative migration (Rf) of HA bands of ladder were measured (A, B, and C). Then, the known Mw of HA ladder (y-axis) were plotted against their relative migration (x-axis). A co-efficient of determination (R2) of 0.998 was obtained from linear equation (D). Finally, the Mw of purified HA samples were calculated using the equation.

A
RBSTr3	0	0	5.5075705472861021	23.717077631451726	21.548395145191982	32.419130154894653	20.428737928059416	22.898325994127458	45.544849690533987	0	0	5.5075705472861021	23.717077631451726	21.548395145191982	32.419130154894653	20.428737928059416	22.898325994127458	45.544849690533987	0	2	4	7	15	23	27	31	40	0	0	51.333333333333336	181.86419753086435	364.33333333333331	543	673.66666666666663	728.33333333333337	634.66666666666663	RBSTr4	0	0	9.0737717258774619	12.662279942148386	17.088007490635061	33.85754470326124	24.269322199023193	19.425069712444621	19.03505538035898	0	0	9.0737717258774619	12.662279942148386	17.088007490635061	33.85754470326124	24.269322199023193	19.425069712444621	19.03505538035898	0	2	4	7	15	23	27	31	40	0	0	33.333333333333336	121.66666666666667	229	328.66666666666669	418	503.33333333333331	444.66666666666669	RBSFA	0	0	22.007574453658751	14.011899704655823	23.57965224510319	15.668005810366033	35.697805721547276	16.653327995729065	36.198526673517158	0	0	22.007574453658751	14.011899704655823	23.57965224510319	15.668005810366033	35.697805721547276	16.653327995729065	36.198526673517158	0	2	4	7	15	23	27	31	40	0	0	36.333333333333336	91.666666666666671	258	415.87134502923976	517.66666666666663	602.33333333333337	561.66666666666663	Time (h)

HA mg/L



B

RBSTr3	0	6.3634372263214251E-2	0.12662279942148388	0.14640127503998498	0.10408329997330652	0.12000000000000011	0.20816659994661343	0.10000000000000009	0	6.3634372263214251E-2	0.12662279942148388	0.14640127503998498	0.10408329997330652	0.12000000000000011	0.20816659994661343	0.10000000000000009	0	4	7	15	23	27	31	40	0	0.72333333333333327	1.9633333333333336	3.1433333333333331	3.8166666666666664	4.13	3.9666666666666663	3.4	RBSTr4	0	1.6258331197676279E-2	8.9489291724392003E-2	0.23001811522863427	9.9999999999999867E-2	0.152752523165195	0.15099668870541516	0.15275252316519461	0	1.6258331197676279E-2	8.9489291724392003E-2	0.23001811522863427	9.9999999999999867E-2	0.152752523165195	0.15099668870541516	0.15275252316519461	0	4	7	15	23	27	31	40	0	0.92166666666666675	1.4616666666666667	2.2833333333333332	3.7000000000000006	4.2333333333333334	4.04	3.8333333333333335	RBSFA	0	0.12159495603573929	0.12288205727444505	9.9999999999999867E-2	0.15462319791458637	0.22715633383201078	0.152752523165195	0.17320508075688762	0	0.12159495603573929	0.12288205727444505	9.9999999999999867E-2	0.15462319791458637	0.22715633383201078	0.152752523165195	0.17320508075688762	0	4	7	15	23	27	31	40	0	0.57533333333333336	1.46	2.7999999999999994	3.9716666666666662	4.46	4.2666666666666666	4	Time (h)


Absorbance (600 nm)
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