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In silico Analyses of Flavin Reductase from Citrobacter freundii Al
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Abstract: Objective: The aim of the present study was to describe the structural and phylogenetic features
of flavin reductase from C. freundii Al using bicinformatics tools. Materials and methods: The flavin reductase
(fre) gene from a dye-degrading bacterium, C. freundii Al was 1solated and amplified by Polymerase Chain
Reaction (PCR). The gene encodes for NAD(P)H:flavin oxidoreductase, an enzyme that catalyzes the reduction
of soluble flavins by reduced pyridine nucleotides this was believed to be the azoreductase from C. freundii
Al. The gene, approximately 0.8 kb was sequenced and in silico analyses of the nucleotide sequence were
performed. Results: From phlyogenetic analyses, we observed that flavin reductase enzyme generally existed
in most microorganisms and the enzyme from C. freundii Al is conserved among the Gram-negative bacteria.
The protein function of the flavin reductase coded was predicted based on the motifs of deduced amino acid
sequence. The amino acid sequence of flavin reductase from C. freundii Al was compared with other
azoreductases and was found to be a unique NADPH-preferred azoreductase. Conclusion: Hence, in silico
characterization of flavin reductase gene presented various features of the gene and this would facilitate

molecular studies of the gene and reveal the functional role of the enzyme.
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INTRODUCTION

In the 21st century, bioinformatics has emerged as an
mterdisciplinary field that bridges biology, mathematics
and computer science in response to major advances in
molecular biology technologies (Tang, 2002). An
enormous amount of valuable information for wet-bench
research work could be obtained via database searches,
molecular predictions and phylogenetic analyses. On the
other hand, extensive studies on microbial decolourisation
of azo dyes have been published since the last three
Most  suggested the association of
azoreductase, the enzyme that reductively cleave the azo

decades.

bond (-N = N-) of azo dyes in order to decolourise under
anaerobic conditions (Saratale et al., 2011). Bacterial
strains were hypothesized to possess unspecific
cytoplasmic enzymes which act as “azo reductases” to
transfer electrons via soluble flavins to azo dyes.
Russ et al. (2000) recognized that flavin reductases as the
cytoplasmic anaerobic “azo reductases” which showed
significant importance in the reduction of sulphonated azo

compounds. Hence, the relevance of this hypothesis
whether flavin azoreductase of
C. freundii Al was proposed. C. freundii Al, an enteric
bacterium, was 1solated and screened for its potential in
azo dye decolourisation (Rashid et al., 1999). Our ultimate
goal 15 to determine the mvolvement of flavin reductase in
decolourisation of azo dyes. Prior to cloning and
expression studies, the gene was 1solated and
charaterised. This is for the first time that a flavin
reductase gene was isolated from Citrobacter sp.
Therefore, 1 this study, in silico characterization of flavin
reductase gene from C. freundii Al was carried out in
order to gain further insight into the gene and the
enzyme’s biological functions.

reductase 1s the

METERIALS AND METHODS

PCR analysis: C. freundii Al was grown in nutrient broth
(Difco). The culture was incubated at 37°C in an orbital
shaker (200 rpm) for 18-24 h. Genomic DNA was then
extracted using Wizard Genomic DNA Purification Kit
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(Promega) and was then used as template for PCR
amplification. The forward primer, FREf (5’-GCG CAT ATT
GAC GCC ATC TGG GA) corresponded to nucleotide
positions 16 to 38 of E. coli fre gene (Accession No.
Me61182). The reverse primer FREr (5-GAT AAA TGC
AAA CGC ATC GCC AA) was designed and
corresponded to the complement of nucleotide positions
819 to 797 in the E. coli sequence (Spyrou ef al., 1991).
The expected 0.8 kb fragment was observed on 1%
agarose gel, extracted and sequenced.

The fre gene sequence was compared with known
DNA sequences in GenBank database at NCBI
(http:/fAarww nebinlm nih gov/blast) using BLASTn and
BLASTx (Altschul et al., 1997). Restriction sites analysis
of the fre gene fragment was carried out using NEBcutter
(Version 2.0) at http://tools.neb.com/NEBcutter2/
(Vincze et al, 2003). Online WWW Promoter Scan
software (http: //fwww-bimas.cit.nih.gov/cgi-
bin/molbio/proscan) was used to analyze the upstream
region of fre gene (Prestridge, 1995). Proteomic analyses
of flavin reductase amino acid sequence were further
carried out online at http://www expasy.org/resources,
using Compute pl/Mw for isoelectric point and molecular
welght prediction (Gasteiger ef al,, 2005) and SWISS-
MODEL for protein structure homology modeling
(Schwede et af., 2003). Other downloadable biomnformatic
softwares, e.g., TM calculator 2-beta, DNACIlub,
GeneDoc, RasMol (Version 2.7.5) and Swiss-Pdb Viewer
3.7 were used in molecular and structural analysis.
Multiple sequence alignment with related ammeo acid
sequences of flavin reductases and azoreductases were
carried out using ClustalW. MEGA version 4.1 (Beta 3)
was used for construction of Neighbor-Toining
phylogenetic trees with bootstrap values calculated based
on 1000 replicates (Tamura et al., 2007).

Microbial sources of azoreductases: The microbial
sources of azoreductases are as follows: AcpD
(YP_252301)- Staphylococcus haemolyticus TCSC1435;
AcpD (YP_039668)- Staphylococcus aureus
MRSA252;YvaB (NP_391234)- Bacillus subtilis strain
168, YvaB (YP_001422634)- Bacillus amyloliquefaciens
FZB42; AzrA (BAF02597)-Bacillussp. B29, LMHCC 1847
(YP_002350802)- Listeria monocytogenes HCC23, AzoA
(AAR3BB51)- Enterococcus faecalis; AzoR (AAW277)-
Streptococcus  suis  98HAH33; AzoR2 (Q9CIHS)-
Lactococcus lactis, AzoR (Q8X9S9)- Escherichia coli
0137:H7, AzoR (1V4B_A)- Escherichia coli, AzoR
(AAGO4174)- Pseudomonas aeruginosa PAOLl, Azr
(BAB13746) Bacillus sp. OY1-2, Az (ANNI17400)-
Rhodobacter sphaeroides, Az (BABB5976)- Bacillus
subtilis  ISW1214; Azr (BABB5975)- Geobacillus
stearothermophilus TFO13737; L8106 10307

(ZP 01622489)- Lyngbya sp. PCC 8106, Y412MC10
(ZP_03036583)- Geobacillus sp. Y412MCI10;, AZR
(ACF54629)- Staphylococcus cohnii AZR;, SERP0206
(YP _187802)- Staphylococcus epidermidis RP62A; Azol
(AAT29034)- Staphylococcus aureus ATCC 25923, Azol
(Q4L3N6)- Staphylococcus haemolyticus JCSC1435; Fre
(AAO91775)-  Citrobacter  freundii  Al, AzoB
(AAMO2125)- Xenophilus azovorans KF46F, EU307209
(ACA34616)- Erwinia chrysanthemi, AzoB (ADDE0733)-
Pigmentiphagakullae K24, RSMKO2502(YP_002254667)-
RalstoniasolanacearumMolK2;H16 A2352(YP 726815)-
RalstoniaeutrophaH16,RALTA A1BI6(YP_002005902)-
Cupriavidus taiwanensis strain LMG 19424,

RESULTS AND DISCUSSION

Analysis of fre gene: Amplification using FREf and FREr
primers resulted in the isolation of an approximate 0.8 kb
Jfre fragment, as shown at lane 1 in Fig. 1. The 0.8 kp gene
sequence (Fig. 2) is available in GenBank database under
accession number AY163084.1. Figure 2 shows that the
region containg an open reading frame with the first
in-frame start codon ATG, located at nucleotide position
99. The open reading frame shown mn Fig. 3 was
assigned to the enzyme based on the deduced amino acid
sequence corresponding to the N-terminal amine acid
determined for flavin reductase of E. coli reported by
Spyrou et al. (1991). This gives rise to a polypeptide

1031 bp

900 bp
0.8kb
800 bp

700 bp

Fig. 1: PCR amplification of flavin reductase gene from
C. freundii Al. M: MassRler™ DNA Ladder, Mix
(Fermentas)
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1 a7
T ARAR T TEAC C CCATC TG AT GAARC TG ECC T T TT CATGACGECAARAGOCECCTGAEECECS E—;'I‘
1
Met Thr Thr Leu Sar st Lvsa Val Thre
CETITTECTATIGATCCCACABASAGAGCGE. ATE ACA ACC TTIA AGS TLET ARA GTE i-:n.;C'
10 I
Se&r Val Glu Ala Ile Thr Asp Thr Val Tgr ARrg Val Arg Leu Val Fro Asp
TCE GTA GAAR GCT ATA ACT GAC RCC GTA TAT Ce. &IT C@I TIR GTE CCA ?%E
27
Ala Ala Fhe S5=r Phe hzg Aala Elx Gln Tyr ey MHet Val Val =T AS Glu
GCG GO TTT TOC TIT 6T GCT G6L CAG TAT TTA ATG GTC &6TG ATG GAC E&%
44 .
Arg An Lys Arg Pro Fhe Ser Met Ala Ser Thr Pro Asp Glu Gln Gly Phe
A AT ;-.iG ST CCOGE TTC TCC ATE GCAR TCA ACE CCG GAC ZAG CAR GE-\i TTZ=
Z78
Bl
Ile Glu Lewy His Val Gly Ala Ser Glu Leu Asn Leu Iyvr Ala Met Ala Val
ATT GAG CTGE CAC GIT GGL GCC TCT GAG CTA T CIT TRAC GCC ATG GCC g;g
78 I
Mat A3 A:g Ile Leawv Lys RAsp 253 Glu Ile Lys Val Rsp Ile FPro His Gly
ATE GAC CET ATT CTG ARA GAC GAA ATZ ARG GTC GARI ATT CCG CAT E?E
e -
Zlu Ala x Lewu Ax As Glu hag Glu Arg Proc Leu Ile Leu Ile Ala Eli
GRA GO T =TE CE SR =AM GA GAG UE. Col CTG ATC CTG ATT GUC GG
431
112
Gl¥ Thr E;K Fhe Ser Tyr Val Ar% Ser Ile Leu Leu Thr Ala Leu Ala Arg
=G ACAR =& TTC TCT TAC TG CG TCT ATT CTE CIT ACC GG CTG GCR Egh
128 o
Asn Pro Asn Arg Asp Ile Thr Ile Tyr T:E Gly Gly Azg Glu Glu LI’ His
AAT CCC ARC CG. GAT ATC ACG ATT TAC TEE GEC GEG CGL GAR GARG = E
14€ -
Leu Tyz Asp Leu Ser Slu Lleu Glu Ala Leu Ser Val Asn His Prc Asn Leau
CTC TACS GA CTC FAEF CT& GARA GCA TTG TCF &GTG ART CAC CCF AAC %:g
163 =
Axg Val &lu Fro Val Val Glu Gln Pro Glu RAs Gly Trp ;rg G1 iri Thr
CE GTT GAG CCCG GIG GTA GAG CAG CCUT GhA GA GET TeG CGT GG CEI %EE
180
E-ikr Thr Val Leu Thr Ala Val Leu Gln As Tyr Gly Thr Leu Ala Glu His
EZE3A ACC ETGE TTA AC ECA GTA TTG CAG EhA TAC GG* ACT CTG EC0G GAR CAC
ese
127 =
Al% Ile Tyzx Ile Ala Gly Arg Fhe Glu Met Ala EK: Ile Ala Arg Asp Leu
FAT ATC TAC ATT &CT GGI CGEIL TIT GAG ATE GCA A ATZ GCGE CGC GAC ;E?
214 '
Fhe :E- Asn Flu ;:g Gln Ala Azg Glu R:% Arg Leu Fhe Gly Asp Ala Fhe
TTC TLT T FAG CF AG GCC CGET GAAR GAT CGL CTIG TTIT 46T GAT GCE TTT
TEB
ila Ph
Ala Phe Ile Lys
EZCA TTT ATT JL{:.

Fig. 2. The flavin reductase gene of C. freundii Al. The codons (in bold) that correspond to the appropriate amino acids
which are different from flavin reductase of E. coli. The GenBank accession number for this sequence 1s AY163084

MITLSCKVTSVEAITDTVYRVRLVPDAAFSFRAGQY LMV VMDERDKRP
FSMASTPDEQGFIELHVGASELNLYAMAVMDRILKDREIKVDI PHGEA
WLRDEDERPLILIAGGTGEFSYVRSILLTALARNEPNRDITIYWGGREEK
HLYDLSELEALSVNHPNLRVEFVVEQPEDGWRGRTGTVLTAVLQDYGT
LAEHDIYTAGRFEMAKTIARDLFCNERQAREDRLFGDAFAFIK

Fig. 3: The deduced amine acid sequence from the (fre) gene region of C. freundii Al. M: First amino acid, methiomne,
AGGTG: A pynidine nucleotide binding site motif, AGRFEMA: The flavin binding site, DERDKR: May code for
surface residues

of 234 amino acid residues. The codon usage for flavin ~ compared with the codon usage for the flavin reductase
reductase C. freundii Al is shown in Table 1 and it was from E. coli. This comparison was carried out as the flavin
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reductase from F. coli was well-studied (Fontecave et al.,
1987, Spyrou et al, 1991; Fieschi et al., 1995).
Comparison made between the fre gene from both E. coli
and C. freundii Al showed that some of the amino acids
of the enzyme are coded by a different codon of the ammo
acid. There is an inclination for codon selection, for
example, CUG for leucine, CGU for arginine, GUG for
valine, AUU for iscleucine, with a total nucleotides of 158
A,169C, 203 Gand 172 U (or T).

The DNA sequence preceding the presumed start
codon of the fre gene is shown to contain a potentially
weak ribosomal binding site (RBS, shown in Fig. 2) and a
promoter-like sequence. At nucleotide position 7, there 1s
a putative -35 region with the sequence TTGACC
followed by a putative -10 region with the sequence
TCTTTC 22 nucleotides further down. However, further
analysis done by using online WWW Promoter Scan
software (http: //www-bimas.cit.nih.gov/cgi-
bin/molbio/proscan), indicating that no promoter region
could be identified. This software 1s one of the online
software to determine homologies of published sequences
In our query sequence, suited mainly to transcriptional
elements. However, it was admitted that most signal
elements found by wusmg this type of software
probably will not have any meaning, as the elements may
be in the wrong milieu, wrong cell type or wrong
organism. Thus, it was ever concluded that the prediction
would generate many more erroneous signals  than
significant ones (Alphey, 1997). In addition, there 1s no
detailed analysis of this gene from other bacteria of
the famili Enterobacteriaceae. Sometimes, prediction for

new gene from a rare bacterial species remains
lacking.

Restriction sites analysis of the fre gene fragment
was carried out using NEBcutter (Version 2.0) at
http:/ftools.neb.com/NEBeutter2/. The result shows that
the gene fragment didnot contain any restriction sites
for BamHI and Psfl. Thus, another pair of primers could
be designed to have these sites incorporated so that the
restriction  of the fragment  may not cut
mtemnally, resulting m shorter fragments. Hence, this
any directional cloning in the

would facilitate

future.

Analysis of C. freundii flavin reductase structure: The
flavin reductase of C. freundii Alhas an estunated
molecular weight (MW) of 26600.2 Da and an isoelectric
point of 5.06, predicted using Compute pI/MW at
http:/Aweb.expasy.org/compute_pi/. Spyrou et al. (1991)
had previously shown that the open reading frame of

Table 1: Codon utilization of flavin reductases from C. feundii A1 and

E. coli
No. of codon used*
Amino acid Codon C._freundii E. coli®
Leucine (L) CUA 1 0
cuc 2 2
CcuG 12 8
cuu 2 3
UUA 4 2
uuG 2 3]
Serine (S) AGC 1 1
AGU 0 1
UCA 2 1
ucc 2 0
ucG 2 4
ucu 3 3
Arginine (R) AGA 0 0
AGG 1 0
CGA 0 0
CGC 7 7
CGG 1 1
cGu 12 11
Glycine (G) GGA 4 2
GGC 6 7
GGG 1 4
GGU 4 3
Valine (V) GUA 4 4
GuUC 1 3
GUG 9 8
GUU 3 1
Proline (P) CCA 1 2
ccc 1 1
CCG 6 5
CCcuU 1 1
Alanine (A) GCA 6 3
GCC 6 4
GCG 6 12
GCU 3 4
Threonine (T) ACA 2 2
ACC 5 3]
ACG 4 4
ACU 2 1
Isoleucine (I) AUA 1 0
AUC 5 9
AU 8 8
Cystenine (C) uGe 0 2
uGu 2 1
Lysine (K) AAA 4 6
AAG 3 1
Phenylalanine (F) uuc 4 2
uuu 6 8
Glutamnate acid (E) GAA 10 9
GAG 10 9
Histidine (H) CAC 3 2
CAU 2 5
Glutarnine (Q) CAA 1 3
CAG 4 3
Asparagine (N AAC 2 3
AAU 4 1
Tyrosine (Y) UAC 2 2
UAU 6 5
Aspartic acid (D) GAC 9 4
GAU 9 13
Methionine (M) AUG 7 7
Tryptophan (W) UGG 3 3
Stop codon UAA 0 0
UAG 0 0
UGA 0 1
Total No. of codons 234 234

*The universal translation table was used for the calculation of codon usage,
*Acceession No. M61182
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Fig. 4: The oxidoreduction process involved in the ribonucleotide redutase system
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Fig. 5: The predicted structure for flavin reductase from C. freundii Al

E. coli’s flavin reductase ended with an opal stop codon
(UGA), yielding a polypeptide of 233 ammo acid residues
with a molecular weight of 26,212 Da.

From the deduced amino acid sequence, the protein
family and function was determined. The gene fragment
encoded an oxidoreductase protein. The AGGTG motif
was found m the flavin reductase polypeptide sequence
of C. freundii Al and in the flavin reductase sequence
from FE. coli. This 5-residue continuous sequence
(AGGTG) seems to form part of the pyridine nucleotide
binding-site. The same motif had been observed in one of
the subumts (protein C) of methane monocoxygenase from
methanotropic  bacteria and also in cytochrome b,
reductase (Spyrou et al., 1991). Protein C functions as a
short electron transport cham that contamns both an won-
sulfur center and 1 mol of tightly bound FAD per mol of
protein. The N-terminal amino acid sequence of Protein C
shows considerable homology with plant and some
bacterial ferredoxins, whereas the C-terminal part shows
significant homology with NADH:cytochrome b
reductase from human erythrocytes. Tt was later found out
that the C-terminal part of protein C 1s also sigmficantly
similar to the fre polypeptide of E. celi (Spyrou et al,
1991) and also of C. freundii Al. This homology may
show the relatedness in protein function.

With respect to the C-terminal half of the flavin
reductase, there exists a striking  smmilarity with
monooxygenase starting with the continuous 5-residue
sequence AGGTG at position 110 to 114 of flavin
reductase (The nucleotide position 1s as shown in Fig. 2).

The secondary structure predicted for this segment
covers the end of the beta-strand and a reverse turn at a
segment of predicted altemating beta-tum-alpha
structures. This is of such a manner typical for nucleotide-
binding domains of dehydrogenases. The same motif
found m cytochrome b; reductase also marks the
beginmng of sequence homology between this enzyme,
flavin reductase and monocoxygenase (Spyrou et al.,
1991). In E. coli, flavin reductase was a part of the
ribonucleotide reductase, m which flavin reductase
together with either Fe(Il) or a second protein, known as
fraction b, could provide the electron required for the
reduction of the Fe(Ill) center (Spyrou et af., 1991).
This
Fig. 4.
The AGRFEMA motif was found in both the flavin
reductase polypeptide sequence from C. freundii Al and
E. coli at position 201 to 206. This motif might probably
be part of the flavin-binding site of the enzyme. Due to the
observed differences in flavin binding behaviour, the
motif of flavin reductase is different from those of

oxidoreduction process 1s summarized in

monooxygenase and cytochrome reductase. A higher
degree of conservation was observed for monooxygenase
and cytochrome reductase as these two classes of enzyme
were classified as flavoprotein, purified with bound FAD.
On the other hand, flavin reductase is not a flavoprotein,
with no flavin tightly bound to the isolated protein
(Fieschi et al, 1995). Flavin reductase is using soluble
flaving as substrate rather than being a coenzyme
(Tu et al, 1979). At the N-termmal half of the flavin
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Fig. 6 Phylogram generated based on the nucleotide sequence alignment of flavin reductase amino acid sequences from
C. freundii Al and other Gram-negative bacteria. The GenBank assession numbers of the flavin reductases amino

acid sequences used are indicated in parentheses

reductase, the 6-residue sequence DERDKR was
observed at position 42 to 47. This motif was presumably
surface residues.

The secondary and tertiary structures of the flavin
reductase polypeptide of C. freundii Al could be
predicted from the amino acid sequence using Automated
Modelling Mode of SWISS-MODEL Workspace. The
amino acid sequence of Fig. 3 was submitted and the
program compared it against a database of known
structures, PDB or Protein Databank that stores the
coordinates of protein structures being solved using
either X-rays or NMR. The match was found of the
query sequence to a protem of known structure and
alignment was automated, threading the unknown
sequence of flavin reductase of C. freundii Al onto
the known structure, introducing folds, the way in
which the secondary structure elements in a protein
are packed together. The structure obtained was
viewed using RasMol (Version 2.7.5). The 3-D structure
18 shownm Fig. 5.

The remarkable homology was also observed
between the flavin reductase from C. freundii Al and
other Gram-negative bacteria (shown m Fig. 6).
Phylogenetic analysis showed that C. freundii Alflavin
reductase gene is closely related to those from the genus
citrobactor, Escherichia, Shigella and Salmonella with
branching patterns supported by high bootstrap values.
The enzyme was also aligned with azoreductase amino
acid sequences as suggested by Chen et al. (2010) in
order to determine its homology with other azoreductases.
Branching pattern of the phylogenetic tree m Fig. 7
suggests that the flavin reductase from C. freundii Al
does not exactly form monophyletic cluster with any of
the other three grouping of azoreductases. This finding
suggests that flavin reductase from C. freundii Al 1s
rather unique but may imply a similar functional role in
azoreduction. The possibility of this enzyme system
involved in decolourisation of azo dyes will be reported in
the future.
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Fig. 7. Grouping of azoreductases and hypothetical azoreductases with conserved dinucleotide binding domain, T
Flavin-NADH-preferred azoreductase, IT: Flavin-NADH-preferred azoreductase and ITI: Flavin free-NADH-

preferred azoreductase
CONCLUSION

As a conclusion, in silico characterization of flavin
reductase gene isolated from C. freundii Al had
presented various features of the gene that may facilitate
further molecular studies of the gene and this may enable
us to understand how the gene is related to azo dye
decolourisation.
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