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Fig. 1 SDS-PAGE analysis of recombinant protein
M: Protein molecular mass markers; /: Uninduced; 2~5: Induced for 2,
4,6and 8 h.
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PR RIS, A TR %0 1 A 1 K Rosetta
(DE3) i AF]F UmCYPS1 & A RIE, X155
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ATG GTG GCC TCC TCG TCT TCG GCG ACA GCG TCG TTG CTC GAC CAG CTG TTT GCG CTT ACG CCT CTC GCC GAT TCT TCG GCC TGG ATC AAA ACC

ATC ACG GTG CTC GTIT TTG CTT

TTG CTC GCG GTC GTT CTC AAC GTA GCA TCG CAG CTT CTG CTT GCG ACT

AAG AAT CAT CCT CCG GTG

GTG TTT CAC TTT GIG CCT GTG ATT GGA TCG GCG ATC TAC TAT GGT ATC GAC CCT TAC AAG TTC TTT TTC GAA TGC CGC GAA AAG TAT GGC GAT

GTG TTC ACG TTT GIT CTG CTC GGA CGC AAG ATC ACG GTG GCG TTG GGA
GTG TTT GGC AAA GAG GTG GTA TAC GAT GTG CCT AAT GCG GTG TTT ATG GAG CAG AAA

ACG GCA GAG GAC GCG TAT ACG CAC CTC ACC ACG

AAG GGA AGC AAT CTT GTC TTT AAC GCC AAG CAT CAG CAG GTG

AAG TTT GTC AAG GTG GGT CTG TCG ATC GAA AAC TTT CGC GTC TAC GTG CCG CAG ATC GTG GAT GAA GTG CGA GAG TAC ATC AAG AGC GAT GCG
CGT TTC AGC GCA CTC AAG ACG CGC AAG ACG ATC ACA GTC GAT ATT TTT CAA GCC ATG TCG GAA CTC ATC ATC CTG ACC GCA TCC AGA ACG CTG
CAG GGC AAG GAA GTC AGA CAG GGT CTC GAC AAG TCA TTT GCG CAA CTG TAT CAC GAT CTC GAC TCG GGC TTC ACT CCG ATC AAC TIT GTG ATT

AAC CTG CCG CTG CCG AGC AAC TTT AAA CGC GAC AGG GCG CAG AAG AAA ATG TCG CAG TTC TAC CAG GAC ATT GTG GCG AAA CGA CGA GCT
GCG GGT GCA TCC ACG TCT GCC GAC GAC GCC AGT GGC GAA AAC GAT ATG ATC GCA GCA CTG ATC GAG CAA AAG TAC AAG AAC GGA CGT GCA CTC
AGC GGC GTC GAG ATT GCA CAT ATG ATG ATT GCA CTC TTG ATG GCG GGT CAG CAC ACG AGC AGC GCC ACG TCG TCG TGG GCG TTT CTG CGT CTG

GCT AGT CGA

GAA ATC ATC GAG GAG CTA TAC GAG GAG CAG CTC AAC GTG TAC TCT GAC GGA CAC GGT GGT TTG AGG GAA CTC GAC TAC GAG

ACG CAA AAG ACG TCG GTG CCT CTG CTG GAT GCT GTG GTC AAA GAG ACG TTG CGA CTG CAC CCG CCT CTG CAC AGC ATC ATG CGA TAT GTG AAA

TCC GAC CTT GCC GTT CCA CCT ACG CTC TCG TCG CCG ACG TCG ACT AAA TCC GAG CCG GAT GCC CAC TAT GTG ATT

AAG GGC CAC TAC ATT

ATG GCT GCA CCT GGC GTG TCG CAA GTG GAT CCT CAG ATT TGG AAG TCA TCG GAC CAG TTT GAT CCA CAC CGG TGG TTG GAC GCT ACG ACC GCT

GCG GCG ATG CAG GAC TCG GGC GAG GAC AAG CAA GAC TTT GGC TTC GGA ATG ATC TCC ACC GGT GCC AAT AGC CCA TAC CTT

TTT GGC GCC

GGA AGA CAT CGG TGC ATC GGA GAG CAG TTC GCC TAT CTC CAG ATC GGC GTC ATC CTA GCC ACC TTC GTC CGC ATC TTC AAA TGG CAC CTC GAC

TCC AAA TTC GAT
CAC CTC GAC TAG

GAC TAC CAA AGC ATG GTC GTC CTT

AGC AAA AAC GGT TGC GCC ATC GTC CTC ACC

CGA GCC GAA TCC CTC

Fig. 2 Analysis of rare codons

Different rare codons are shown with underlines.

Table 1 The statistics of rare codons

Amino acid Arg Leu Pro
Rare codon AGG AGA CGA CTA CCC
Times 2 3 7 2 12
Frequency(Times/562)/% 0.36 0.53 1.25 0.36 2.14
Total frequency/% 4.63
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Recombinant plasmids

Fig. 3 The minimal free energy of (AG/(kJ*mol™)) nine recombinant plasmids
I: pET28-Um; 2: pET28-Um-20; 3: pET28-Um-35; 4: pET32-Um; 5: pET32-Um-20; 6: pET32-Um-35; 7: pGEXKG-Um; 8: pGEXKG-Um-20; 9:

pGEXKG-Um-35.
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Fig. 4 Homology modeling of UmCYP51
(a) Ribbon representation of UmCYP51. (b) Superposition of the model of CYP51 (pink) and the template (green).
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Fig. 5 Ramachandran plot of UmCYP51 modeling
The favored and most favored region is yellow and red respectively,
pale yellow is the generally allowed and disallowed regions is white,
the black foursquares represent the amino acids in the favored and most
favored regions, the black triangles and red foursquares represent the
amino acids in the generally allowed and disallowed regions

respectively.
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Fig. 6 Docking result of inhibitor tebuconazole
with UmCYP51
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Analysis of Rare Codon and mRNA Structure About Ustilago maydis
CYP51 and Molecular Docking With Fungicide Tebuconazole

LI Shu-Xiang”, HAN Rui"?, YUAN Li-Ling", XIONG Li", YUAN Yong-Ze",
YANG Jiang-Ke®, YAN Yun-Jun®, LIU De-Li"™
(" Hubei Key Laboratory of Genetic Regulation and Integrative Biology, College of Life Science, Huazhong Normal University, Wuhan 430079, China;
Y Institute of Horticulture Qinghai Academy of Agriculture & Forestry, Qinghai University, Xining 810016, China;
3 College of Life Science and Technology, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract To get a better optimization expression of the Ustilago maydis CYP51 (P450-14DM, UmCYP51)
protein in E. coli BL21 (DE3), the different lengths of UmCYPS51 gene that lacked the coding region for the
putative membrane-spanning segment of the N-terminus were truncated. The first one is the wild type, the second
one with 20 amino acids (60 base pairs) in N-terminus was truncated and the third one with 35 amino acids (105
base pairs) was truncated. Then these genes were incorporated into different expression vectors (pET28, pET32
and pGEX-KG) to construct nine recombinant expression plasmids (pET28-Um, pET28-Um-20, pET28-Um-35,
pET32-Um, pET32-Um-20, pET32-Um-35, pGEXKG-Um, pGEXKG-Um-20 and pGEXKG-Um-35). The
expression of recombinant plasmids were performed using 0.5 mmol/L of isopropyl B-D-thiogalactoside (IPTG) at
30°C . The culture harvested every 2 h up to 8 h. It was found that only recombinant plasmid pET32-Um-35 was
expressed in E. coli BL21(DE3). Codon usage database (http//:www.kazusa.or.jp/coden) was used for the analysis
of rare codon and software RNAStructure 4.5 was employed to study the mRNA secondary structure of translation
initiation region. The results showed that rare codons rate in UmCYP51 gene is only 4.63%, the Rosetta (DE3)
strain expressing some rare codons is not suitable for the protein expression of UmCYP51. Only the lowest energy
of mRNA structure for pET32-Um-35 can obtained protein expression. These results are compatible with the
experiments. Moreover, to design novel antifungal compounds against UmCYP51, based on the recently
determined X-ray crystal structure human CYP51, a three-dimensional structure model of UmCYP51 was built
through homology modeling using MODELLER 9V7 program. After refinement of the energy minimization and
MD simulation using GROMACS 4.0.3 package, the UmCYP51 model was evaluated by PROCHECK
Ramachandran plot statistics that indicated the designed model was in good quality. Commercial fungicide
tebuconazole was docked into the model protein using Autodock 4.2.3 program to form the binding pattern of
inhibitor with UmCYP51. The docking conformation of tebuconazole in the active site of UmCYP51 showed that
the N-4 of the triazole ring was bound to heme iron with a distance about 0.245 nm. The hydroxy group of
tebuconazole formed hydrogen-bonding interaction with the oxygen atom of carbonyl group for Ala265 with a
distance about 0.245 nm. The mechanism of inhibitory activity of tebuconazole against UmCYP51 obtained from
this study could aid in designing new antifungal compounds targeting this enzyme.
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