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Introduction: Currently, L-asparaginase Il of Escherichia coli and Erwinia chrysanthemi
are prescribed for the treatment of acute lymphoblastic leukemia (ALL) in children.
However, due to their short half-life and side effects related to immunogenicity and
glutaminase activity, the research to find new bacterial sources of L-asparaginase with
higher therapeutic effects and minimal side effects has continued. In this regard, the
L-asparaginase 11 of Bacillus megaterium has been studied in this research.

Materials & methods: Rare codons of the L-asparaginase Il gene of B. megaterium were
identified with ATGme server and amino acid residues related to these codons were
determined. The third protein structure was predicted using three homology modeling-based
servers and the quality of the models was studied with ERRAT and Verify3D servers. The
amino acid residues of the active site were determined with PyMol software.

Results: The results showed that this gene has 73 rare codons and 27 very rare codons. All
three servers (SWISS-MODEL, Phyre2, and I-TASSER) used L-asparaginase Il of E.
chrysanthemi as the template, and the model created by SWISS-MODEL had higher
accuracy and quality than the other two models. The comparison of the active site residues
of this enzyme with L-asparaginase Il of E. chrysanthemi indicated that out of a total of 8
residues, 5 amino acids are similar and 3 amino acids are different. Glu63, Thr95 and
Alal20 are replaced with GInl103, Ser135, and Ser160 in L-asparaginase II of B.
megaterium. According to the previous published reports, the presence of glutamine instead
of glutamate in the L-asparaginase II active site reduces glutaminase activity. The analysis
of amino acids with rare codons showed that all three serine of active site possess rare
codons. Therefore, due to the high number of rare codons and the fact that some of them are
related to the active site residues, during the process of codon optimization, a detailed and
comprehensive study should be carried out to ensure high protein production and its
solubility in the E. coli expression system.

Conclusion: Summing up, the obtained results can help the process of designing and
producing the L-asparaginase II enzyme with higher therapeutic properties and lower side
effects.
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Table 1: Codon usage table for Escherichia coli B [gbbct]: 11 CDS's (3771 codons). Frequency is based on the number of codons of interest
per 1000 codons

UUU 28.9(109) UCU 8.5(32) UAU 18.6(70) UGU 4.2(16)
UUC 18.8(71) UCC 8.0(30) UAC 8.5(32) UGC 5.8(22)
UUA 17.5(66) UCA 6.1(23) UAA 1.9(7) UGA 0.8(3)
UUG 18.6(70) UCG 11.4(43) UAG 0.3(1) UGG 12.7(48)

CUU 12.7(48) CCU 5.8(22) CAU 9.3(35) CGU 16.4(62)
CUC 14.1(53) CCC 2.4(9) CAC 7.2(27) CGC 18.8(71)
CUA 3.4(13) CCA 7.4(28) CAA 13.5(51) CGA 2.4(9)
CUG 54.9(207) CCG 24.9(94) CAG 24.7(93) CGG 5.0(19)

AUU 33.9(128) ACU 7.7(29) AAU 21.2(80) AGU 9.0(34)
AUC 31.0(117) ACC 25.2(95) AAC 15.9(60) AGC 14.3(54)
AUA 5.0(19) ACA 6.1(23) AAA 29.2(110) AGA 2.4(9)
AUG 37.4(141) ACG 14.6(55) AAG 8.8(33) AGG 2.1(8)

GUU 19.6(74) GCU 13.8(52) GAU 30.0(113) GGU 24.4(92)
GUC 14.3(54) GCC 25.5(96) GAC 15.1(57) GGC 33.1(125)
GUA 10.6(40) GCA 19.6(74) GAA 29.4(111) GGA 8.2(31)
GUG 33.9(128) GCG 32.6(123) GAG 18.0(68) GGG 14.3(54)

ATG GAA CTG AAA AGA ATA ATA GGC GTC ACC TGT TTA TCA AGC GTT ATC TTA TTT TCG GGA CCT TTA TCA TTG GTC AAT
GCA TCA GTA AAT GAT TCT AAA ATG ACT GTG AAA AAT TCA GTG AAA GAA AAA TTG CCC AAT ATA AAG ATT TTG GCC ACT
GGA GGT ACG ATT GCA GGT TCT TCT GAG AGC AGC ACA GAC ACA ACT GGA TAT GAA TCA GGA GCC CTT GAT ATT AAA ACC
ATC ATT AAA GCT GTT CCT CAG TTA AAA AAA CTA GCG AAT GTA AGC GGA GAA CAA GTG GTA AAT ATC GGA AGT CAA AAT
ATA AAT AAC AGC ATT TTG TTA AAG TTA GCC AAA CGA ATT AAT ACA CTA TTA GCG TCT AAG GAT GTT GAT GGT ATT GTC
GTA ACA CAC GGA TCT GAT ACG ATG GAG GAA ACG GCT TAT TTT CTA AAC TTA GTA GTA AAA AGT GAA AAA CCT GTA GTT
GTG GTT GGT TCA ATG AGA CCC GCT ACC GCT ATA AGT GCA GAT GGA CCG CTA AAC TTG TAT AAC GCA GTA AAA ATT GCT
TCT ACA AAA GAA GCA CGA AAT AAC GGC GTT TTA GTA GCG CTT AAT GAC CGA ATT GGC GCA GCC CGT TAT ATA ACG AAA
ACT CAT ACA ACG GCA GTG GAT ACG TTT AAA TCT CCT GAA CAG GGA TAT ACA GGA GAA ATA GCT GGA GAT CAG GTATTA
TTT TAT AAC AAA GCA ACT CGT AAG CAT ACG ACG CAA TCA CTA TTT GAT GTA TCA AAA TTA GAT AAG CTT CCT CAA GTA
GAC ATC ATA TAT GGG TAT CAA AAC GAC TCT AGG AAC TTT TAT GAC ACA GCC GTA AAA GCC GGA GCA AAA GGA ATA GTC
GTC GCA GGA GCA GGA AAT GGG CTG CTA TCG GAT GCT GCC CTA ACA GGT GCT AGA GAT GCG GTA AAA AAA GGC GTA GTT
ATT GTG AGA TCC AGC CGC GTA GGA AGC GGG GTT GTG ACA CAT GAA GAA TCA GAT GAT AAA GAT ACG TTT GTT ACA TCG
GAT TCA TTA AAT CCA CAA AAA GCC CGT ATT CTT TTA ATG CTT GCT TTA ACG AAA ACA AAG GAT CCT AAA AAG ATT CAA
GAA TAT TTT AAT
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Ailodds asuine

Figure 1: Results obtained from the ATGme server. Rare and very rare codons identified by this server are marked in orange and red,
respectively.
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Table 2: Amino acid bases with rare and very rare codons in the B. megaterium L-asparaginase Il sequence

Amino acids with rare codons
Lysine 48, Threonine 52, Glycine 53, Serine 59, Serine 60, Threonine 64, Threonine 66, Threonine 67,
Glycine 68, Serine 71, Glycine 72, Proline 84, Glycine 94, Glycine 101, Serine 102, Lysine 112, Threonine
119, Serine 123, Lysine 124, Threonine 132, Histidine 133, Glycine 134, Serine 135, Serine 151, Proline 154,
Serine 160, Serine 168, Glycine 171, Serine 183, Threonine 184, Threonine 209, Histidine 210, Threonine
211, Serine 219, Proline 220, Glycine 223, Threonine 225, Glycine 226, Glycine 230, Threonine 240, Lysine
242, Histidine 243, Serine 247, Serine 252, Lysine 256, Proline 258, Serine 270, Threonine 276, Glycine 281,
Glycine 284, Glycine 289, Glycine 291, Threonine 301, Serine 316, Glycine 320, Threonine 325, Histidine
326, Serine 329, Threonine 337, Serine 340, Proline 343, Threonine 357, Lysine 358, Proline 360, Lysine
362
Amino acids with very rare codons
Proline 45, Isoleucine 47, Leucine 89, Isoleucine 105, Arginine 116, Leucine 120, Leucine 145, Arginine
162, Proline 163, Isoleucine 167, Leucine 173, Arginine 188, Arginine 199, Isoleucine 206, Isoleucine 228,
Leucine 248, Isoleucine 263, Arginine 271, Isoleucine 285, Leucine 295, Leucine 300, Arginine 304,
Arginine 315

TT 36050y bmwT— J1 05359 33 (5133 SWISS-MODEL g yuw Jawwgs sl ai1] Joo (y yig ¥ S5
B. megaterium
Figure 2: The best model provided by the SWISS-MODEL server for the B. megaterium
L-asparaginase 11 protein
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Figure 3: Best model of L-asparaginase II of B. megaterium. Built by Phyre2 server
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Figure 4: The best model built by the I-TASSER server for the B. megaterium L-asparaginase 11 protein
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Figure 5: Quality assessment of models built by three servers SWISS-MODEL, Phyre2 and I-TASSER for the protein
L-asparaginase 11 of B. megaterium. Using the ERRAT server
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Table 3: Amino acid bases constituting the active site of
L-asparaginase E. chrysanthemi and B. megaterium

Erwinia chrysanthemi Bacillus megaterium

Threonine 15 Threonine 55

Tyrosine 29 Tyrosine 69
Serine 62 Serine 102
Glutamate 63 Glutamine 103

Threonine 95 Serine 135
Aspartate 96 Aspartate 136
Alanine 120 Serine 160
Lysine 168 Lysine 208
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Figure 6: Location and bases forming the active site of the enzyme L-asparaginase 11 of B. megaterium
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