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Abstract:

Heme oxygenase (HO) is a microsomal enzyme which catalyses the first and rate limiting step in
the degradation of heme. Human heme oxygenase-1 (HO-1) was reported to have cytoprotective, anti-
apoptotic and anti-inflammatory activity. The HMOX genes were ubiquitously expressed in most living
organisms like bacteria, algae, plants, insects and mammals. Pseudomonas aeruginosa, an opportunistic
pathogen which is a major cause of nosocomial infections worldwide, was found to have heme
degradation activity. Under pathogenic iron limiting conditions P.aeruginosa will internalise host heme
and degrade it by producing an enzyme called heme oxygenase (PigA(HO)). The PigA(HO) is a product of
PigA gene and it degrades heme to Fe*, biliverdin and carbon monoxide (CO). Since both human HO-1
and PigA(HO) catalyses heme degradation, the present study was aimed at the isolation and
characterization of P.aeruginosa that produces PigA(HO). The organism was isolated from hospital waste
dump site soil and was identified as P.aeruginosa Strain-VA8 by 16S rRNA gene sequencing (GenBank Id:
KJ419347.1) and phylogenetic analysis. The organism was confirmed to produce PigA(HO) by heme
oxygenase enzyme activity assay. The molecular weight of PigA(HO) was determined to be 23kDa by

SDS-PAGE analysis and enzyme activity was confirmed by zymography.
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Introduction:

Heme oxygenase (HO, EC 1.14.99.3) was identified by Tenhunen and his colleagues in 1968
when they tried to describe the mechanism for heme catabolism. HO is a microsomal enzyme which
catalyses the first and rate limiting step in the degradation of heme (Tenhunen et al., 1968). There are
three known isoforms of HO, of which HO-1is an inducible and HO-2 and HO-3 are constitutively
expressed (Morse and Choi, 2005).

The substrate for HO activity i.e., heme exists essentially as the prosthetic group of heme
proteins. Under oxidative stress, some hemeproteins can release their prosthetic heme group, which
catalyses the production of free radicals in an unfettered manner. Cells can avoid this pro-oxidant effect
of free heme by rapid induction of HO-1, which increases the rate of free heme catabolism and protects

the cell from oxidative stress (Seixas et al., 2009).

HO-1 expression will increase in response to various physical stresses like hypoxia, UVA
irradiation and chemical stress like and heme, Sodium arsenite, NO, CoPPIX, ZnPPIX, Cobalt chloride
respectively (Ryter et al., 2006). Upregulation of HO-1 is responsible for cytoprotection against various
physical and chemical stresses. Studies on HO-1 deficient mice proved that this system is indispensable
for survival and protection from oxidant stress (Poss and Tonegawa, 1997). The first human case of HO-1
deficiency was reported in a 6-year-old boy, who suffered similar symptoms as like HO-1 deficient mice.
The symptoms include stunted growth, anemia, iron deposition, leukocytosis, persistent proteinuria and
hematuria, coagulation defects, hyperlipidemia, and hypobilirubinemia. Microscopic examination of
renal biopsy samples revealed mesangial cell proliferation, lymphocyte infiltration, and detachment of
the glomerular capillary endothelium (Yachie et al., 1999). These findings suggested the importance of
HO-1 as a cytoprotective agent and a cheaper and easily available source of HO should be found to use
this enzyme as a therapeutic agent. Pseudomonas aeruginosa was reported to have heme degradation
activity and pigA gene of P.aeruginosa was shown to encode heme oxygenase protein (PigA(HO)) (Ratliff

et al., 2001).

P.aeruginosa is a gram-negative rod shaped opportunistic pathogen and is carried by ~10% of
healthy human population. It has the potential to severely infect immuno-compromised patients, who

are infected with cystic fibrosis, emphysema, cancer or serious burn victims and is becoming a leading
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cause of nosocomial infections in hospitals and community settings (Ochsner et al., 2000). Pathogenic
bacteria require iron for its infection, colonization and survival inside the host but the availability of free
iron in the human host is very low 410°M) because iron is sequestered into iron containing compounds
and iron binding proteins (Wang et al., 2007). Since P.aeruginosa prefers an aerobic metabolism it
requires respiratory enzymes that needs iron for their function hence it has relatively high demand for
iron. Iron restriction plays a central role in the stress response of P.aeruginosa which has thus evolved
numerous iron acquisition systems. These include the release of siderophores, production of
extracellular proteases and secretion of cytotoxic exotoxin A (Ochsner et al., 2000). P.aeruginosa also
has sophisticated mechanisms to utilize iron from heme and other iron-binding proteins through two
operons regulated by Fur (Fe uptake regulator). The two operons were phu (Pseudomonas heme uptake)
and has (Heme acquisition system). After internalization of heme into cytoplasm, heme will be delivered
to PigA(HO) for its degradation to biliverdin, Fe** and CO. Biliverdin and CO will be released out and Fe**
will be utilized by P.aeruginosa for their metabolic use (Wang et al., 2007). Since P.aeruginosa was
reported to have heme degradation activity through production of PigA(HO) the present study was
aimed at the isolation and characterization of P.aeruginosa from hospital waste dump site and to
confirm the ability of organism to produce PigA(HO).

Materials and methods:

Chemical and media components:

Hemin, NADPH, solvents, media component, all other chemicals and rat liver cytosol were

purchased from Himedia and Thermo Fisher Scientific respetively.
Sample collection:

The soil samples were collected in pre-sterilized bags from hospital waste dumping areas near

Vadavalli, Coimbatore, India, after digging the ground for about 10 cm.
Enumeration of bacteria from soil sample:

Soil samples collected were sieved and weighed accurately. The weighed samples were serially

diluted up to 10 dilutions and spread plated on nutrient agar plates. The plates were incubated at 37°C
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for 24 h. The bacterial colonies grown in 10 to 10 dilutions were taken for further tests (Dubey and

Maheshwari, 2002).
Screening for P.aeruginosa:

The colony morphology, pigmentation and other colony characters similar to P.aeruginosa were
observed on the plates. The bacterial colonies (Strain-VA1 to VA25) were taken for gram staining. The
colonies which had gram negative rod-shaped organisms (Strain-VA2, 5, 8, 10, 12, 15, 16, 17 and 23)
were taken for catalase test. The colonies which showed catalase positive (Strain-VA-5, 8, 15 and 17)
were taken for oxidase test. The oxidase positive colonies (Strain-VA8 and 17) were picked and quadrant
streaked on King’s B medium (Pseudomonas selective medium) and then on Cetrimide agar medium
(selective medium for isolation of P.aeruginosa) and incubated overnight at 37°C. The organism grown in
King’s B medium was observed under UV light for fluorescence. The pure culture (Strain-VA8) grown in

Cetrimide agar plate was sub cultured and refrigerated for further study (Dubey and Maheshwari, 2002).
Biochemical and molecular characterisation:

The biochemical characterization of the isolated Strain-VA8 was done by series of biochemical
tests including Carbohydrate fermentation, IMViC, TSI, Urease, Hemolysis, Starch and Gelatin hydrolysis
(Dubey and Maheshwari, 2002). Further for molecular characterization, the amplification of 16S rRNA
gene was done in PCR using Universal 16S Forward and 16S Reverse primer (initial denaturation at 95°C
(5 min), denaturation at 9429C (30 sec), annealing at 549C (30 sec), primer extension at 729C (45 sec)
and primer elongation at 72°C (10 min)). The PCR product was column purified and sequenced using AB
instrument model 3730XL. The obtained sequence was subjected to the closest possible species search

using BLAST programme of NCBI and phylogenetic analysis was done using MEGA software.
Extraction of intracellular enzyme (PigA(HO)):

The isolated Strain-VA8 was cultured in nutrient broth and the cells were pelleted at 10000 rpm
for 15 min at 4°C. The pellets were washed with sterile cold double distilled water by centrifuging at
10000 rpm for 10 min at 4°C. The washed pellets were suspended in 50mM Tris-HCI (pH 7.8) containing

1mM EDTA (pH 8.0) and 1mM PMSF. The suspended cells were sonicated for 2 min then the intracellular
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enzymes were extracted by centrifuging at 10000 rpm for 20 min at 4°C. The supernatant collected was
stored at -20°C and used as crude enzyme (Maines et al., 1986). The protein concentration of the crude
enzyme was estimated by Lowry’s method using BSA as a standard (5-50mg) (Lowry et al., 1951). Then
the crude enzyme was partially purified by Ethanol precipitation. The crude enzyme and pre-chilled
ethanol (3:1) were mixed and incubated overnight at 4°C. Then the precipitate was collected by
centrifuging at 10000 rpm for 20 min at 4°C. The pellets were dissolved in 50mM Tris-HCl and stored at -
20°C for further analysis.

Enzyme activity assay for PigA(HO):

To 500uL of enzyme, 200ul of 100uM Hemin, 50ul of 0.8uM NADPH, 10ul of Rat liver cytosol
(20mg/ml) and 240uL of 50mM Tris-HCl (pH 7.0) were added and incubated at 37°C in dark for 1 h. After
incubation period 1mL of chloroform was added and vortexed vigorously. The chloroform layer was
separated by centrifuging at 10000 for 5 min. The bilirubin extracted in chloroform layer was measured
by taking the difference in absorbance at 464 and 530nm (e = 40 mM ~‘cm™) (Motterlini et al., 2000).
Then the enzyme activity was expressed in terms of uM of bilirubin formed per mL of enzyme and the

specific activity was expressed in terms of uM of bilirubin formed per mg of protein.
SDS-PAGE analysis

The molecular weight of PigA(HO) was determined by SDS-PAGE analysis using 15% gel with
standard protein marker in the first lane. Then the gel was placed in CBB-Staining solution overnight and

de-stained until the band appeared (Walker, 2002)
Zymography:

The enzyme activity of PigA(HO) in partially purified enzyme was confirmed by Zymography (an
electrophoretic technique based on SDS-PAGE, which included the substrate copolymerization with
separating gel. The Zymogram analysis was performed by modifying the method of Tracz. The sample
and Zymogram loading dye (1:1) without SDS was kept in shaking condition for 20 min. Then the sample
was loaded in Separating gel (12%) which contains 50uL of Hemin (1mg/mL of DMSO) and Stacking gel

(5%). After electrophoresing for 3 h under cooling condition, the gel was washed with 2.5 % Triton-X-100
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for 2 hr and incubated overnight in Activation buffer which mimics the PigA(HO) enzyme assay
condition. Then the gel was stained with CBB-R-250 Staining solution for 3 hr and de-stained (Tracz et

al., 2008).
Results:
Screening for Pseudomonas aeruginosa

P.aeruginosa is a gram-negative rod shaped bacterium, which grows as flat elevated colonies
with irregular borders and it shows positive for both catalase and oxidase test. Based on this, about
twenty-five strains (Strain-VA1 to VA25) were isolated from soil sample collected from hospital waste
dump site. Since hospital settings had more number of nosocomial infection causing pathogens, soil
sample from the hospital waste dump site was chosen for the present study. Among 25 strains isolated,
nine strains (Strain-VA2, 5, 8, 10, 12, 15, 16, 17 and 23) which showed gram negative rod-shaped
organisms on gram staining were taken for catalase test. The Catalase positive strains (Strain-VAS5, 8, 15
and 17) were taken for oxidase test and oxidase positive strains (Strain-VA8 and 17) were grown in
King’s B medium and then on Cetrimide agar medium. The Strain-VA8 showed green fluorescence in
King’s B medium, which showed that the strain could produce fluorescein and it belongs to
Pseudomonas species (Fig. 1 a). The Strain-VA8 also had the capacity to grow in cetrimide agar plates,

which is a selective medium for isolation of P.aeruginosa (Fig. 1 b).

Fig. 1 Isolated Strain-VA8 grown in selective media [a) Cetrimide agar; b) King’s B medium]

Biochemical and molecular characterization:
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The macro and microscopic characteristics of the selected strain-VA8 were shown in Table 1.
The strain-VA8 showed flat, elevated colonies with irregular borders and grape-like odour which is a
characteristic odour of P.aeruginosa. The organism produced green pigment and showed purple colour

rods (Gram negative) under microscopic examination on Gram staining.

Table 1 Macro and Microscopic characters of the selected Strain-VA8

S.No Character Observation
Flat elevated colonies with irregular
1. Colony morphology
borders
2. Pigmentation Green pigmentation
3. Odour Grape-like odour
4. Gram staining Gram negative rods

Table 2 Biochemical characterization of the selected Strain-VA8

S.No Biochemical test Observation

1. Catalase, Oxidase, Citrate Positive

Indole, MRVP, Starch and Gelatin

2. Negative
hydrolysis, Urease

3. TSI Alkaline slant-Alkaline butt

4, Hemolysis B-hemolysis

The biochemical characteristics of the selected Strain-VA8 were shown in Table 2. The selected
Strain-VAS8 showed positive for catalase, oxidase and citrate test. On TSI and hemolysis test the selected

Strain-VA8 showed alkaline slant-alkaline butt and B-hemolysis respectively. The selected Strain-VAS8
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showed negative for indole, MRVP, Starch hydrolysis, Gelatin hydrolysis and Urease test. On
carbohydrate fermentation test, the selected Strain-VA8 showed positive for glucose, fructose, dextrose,

Galactose and negative for sucrose, maltose, lactose, sorbose, xylose and inulin (Table 3).

Table 3 Carbohydrate fermentation profile of selected Strain-VA8

S.No Sugar Observation

1. Glucose, Fructose, Dextrose, Galactose, Positive

Sucrose, Maltose, Lactose, Sorbose, Xylose,

2. Negative
Inulin

From the macro and microscopic examination and biochemical characterization it was
confirmed that the isolated Strain-VA8 belonged to Pseudomonas species and the strain was able to

grow in P.aeruginosa selective medium. Further molecular characterization was done to confirm the

selected Strain-VA8 to be P.aeruginosa at Genus level.

Lane: M 1 2 3

Lane M- Marker

Lane 1, 2 and 3- Amplified 16s rRNA gene
15kbh €——

Fig. 2 Amplification of 16s rRNA gene
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The amplified PCR products showed a band near 1.5 Kb, which is the length of 16S rRNA gene

(Fig. 2). The PCR product was sequenced, aligned and submitted to NCBI (GenBank Id: KJ419347.1). The
Phylogenetic tree was constructed which showed that the isolated Strain-VA8 was closely related to
type strain NR 026078 P.aeruginosa’ and the isolated Strain-VA8 showed 99 % relatedness to the type

strain (Fig. 3). From the above results, it was confirmed that the isolated Strain-VA8 was P.aeruginosa.

NR 025586 Pseudomonas antarctica ”
95 NR 025164 Pseudomonas costantinii ©
NR 025174 Pseudomonas extremorientalis
73 NR 024946 Pseudomonas fragi *
NR 024950 Pseudomonas brassicacearum *
71 AF 094723 Pseudomonas chiororaphis
NR 025550 Pseudomonas cannabina *

100

100 D 84010 Pseudomonas caricapapayae '
NR 040798 Pseudomonas ficuserectae
NR 040802 Pseudomonas asplenii ¥
NR 023881 Pseudomonas orvzihabitans !
8% NR 040875 Pseudomonas cremoricoloraia '
100 NR 040860 Pseudomonas fulva
NR 024924 Pseudontonas mosselii !
EU 103629 Pseudomonas taiwanensis
NR 024910 Pseudomonas monteilii ¥
NR 024662 Pseudomonas plecoglossicida ™
HM 190231 Pseudomonas alcaligenes T
NR 0263533 Pseudomonas citronellolis !
NR 026534 Pseudomonas resinovorans *
NR 043289 Pseudomonas otitidis
87 Isolated Strain-VAS
99 NR 026078 Pseudomonas aeruginosa *

03

G

0.005

Fig. 3 Phylogenetic tree of isolated Strain-VA8
Enzyme assay for PigA(HO):

The PigA(HO) enzyme activity assay was performed and the results were shown in Table 4. The
enzyme activity of crude enzyme and ethanol precipitate was found to be 3.4 and 1.65 U/mL
respectively. Whereas the specific activity of crude enzyme and ethanol precipitate was found to be
3.569 and 4.125 U/mg. From the results, it was clear that the isolated Strain-VA8 had PigA(HO) enzyme

activity and the enzyme activity was not lost but increased during ethanol precipitation.
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Table 4 Enzyme assay for PigA(HO)

Protein content . Specific activity
Enzyme Enzyme activity (U/mL)
(mg/mL) (U/mg)
Crude 0.98 34 3.569
Ethanol
o 0.4 1.65 4.125
precipitate

SDS-PAGE analysis:

On SDS-PAGE analysis a clear band behind 20 kDa marker was observed both in crude enzyme

and ethanol precipitate which could be attributed as PigA(HO) (23KDa) (Fig. 4).

Lane: M 1 2 3 4

Lane M-Marker

43kDa Lane land 2-Ethanol precipitate

Lane 3 and 4-Crude enzyme

29kDa¢——|

23kD:
20kDa@—— a

14.3kDa

3.5kDa 4«

Fig.4 SDS-PAGE analysis of PigA(HO) from isolated Strain-VA8
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Zymography:

The zone of lysis was observed in separating gel copolymerised with substrate hemin (Fig. 5).
The clear zone was appeared surrounding the lane, which might be due to the migration of PigA(HO)

through the lane which eventually caused lysis of hemin surrounding the lane.

Laney 1 2 3

Lane 1 and 3 - Empty

Lane 2 -Ethanol

Zone of lysis precipitate of PigA(HO)

Fig.5 Zymogram analysis of PigA(HO) from isolated Strain-VA8

Discussion:

HO along with its by-products i.e., bilirubin, Fe** and CO had anti-inflammatory, anti-apoptotic,
anti-proliferative, vasodilatory and antioxidant properties (Kirkby and Adin, 2006). The anti-proliferative
effect of HO-1 was reported in rat and human breast cancer cell line (Hill et al., 2005). Since HO was
reported to have therapeutic importance a cheap and alternative form of HO is required.
Microorganisms are well-known, easy and cheap source of many therapeutically important enzymes and
compounds. Microorganisms do not possess any circulating system but it requires iron for its survival
hence under pathogenic iron limiting conditions microorganisms like P.aeruginosa will utilize host heme
by production of heme degrading enzyme PigA(HO). Under iron limiting conditions about 118 genes was

found to be upregulated of which PigA gene was found to be upregulated by 138-fold (Wang et al.,
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2007). Since HO had therapeutic importance and P.ageruginosa was reported to have upregulated
PigA(HO) activity, the present study was aimed at the isolation and characterization of P.aeruginosa,
which has 37% genome sequence homology with HemO of Neisseria meningitides, which is a gram-
negative organism that shares considerable homology with known human HOs and their phenotypic
studies revealed the role of HemO gene product in the assimilation of heme and protection against
heme toxicity (Zhu et al., 2000). In the present study P.aeruginosa was isolated from soil samples
collected from the hospital waste dump site, which are prone to exposure with nosocomial infection
causing pathogens and P.aeruginosa was an important nosocomial infection causing pathogen. The
isolated Strain-VA8 was confirmed to be P.aeruginosa by biochemical and molecular characterization.
The intracellular enzyme PigA(HO) was extracted from isolated Strain-VA8 and the enzyme activity of
PigA(HO) was found to be 3.4 and 1.65 U/mL (Crude enzyme and ethanol precipitate respectively),
which was more than the enzyme activity reported for Red algae Cyanidium caldarium (1.2 U/mL)
(Cornejo and Beale, 1988) and it was less than the enzyme activity reported for Chick liver (66.7 U/mL)
(Bonkovsky et al., 1990). The chick is an eukaryote with circulating RBC’s in which the heme protein turn
over would be more hence the enzyme activity of HO from chick liver was more than PigA(HO) from
P.aeruginosa. On SDS-PAGE analysis a band near 20kDa was observed and it was already reported that
the wild type PigA(HO) of P.aeruginosa had a molecular weight of 23kDa (Ratliff et al., 2001) hence the
band near 20kDa could be attributed as PigA(HO) which is 23 kDa. But the molecular weight of
HemO(HO) of six commensal Neisserial isolates was reported to be 26kDa which was more than
molecular weight of PigA(HO) in the present study yet expresses the same function (Zhu et al., 2000). On
zymography, initially the zone of lysis was not observed in samples which contained SDS in loading dye
later when the denaturing agents were removed the zone of lysis was observed. This may be because of
the denaturation of enzyme by SDS, which led to loss of enzyme activity (Tracz et al., 2008). In SDS-PAGE
analysis the negatively charged sulfonic group of CBB-R-250 binds to the positive charge of basic amino
acids like histidine, lysine and arginine and about 1.5 to 3 molecules of CBB-R-250 binds to each positive
charge (Tal et al. 1985). Likewise, here in zymography CBB-R-250 binds to the positively charged Ferric
(Fe®") centre of hemin to stain the gel and in places where the hemin was lysed by PigA(HO) a clear zone
was observed. This confirmed the HO enzyme activity of PigA(HO) extracted from isolated P.aeruginosa

Strain-VAS. The specific activity of PigA(HO) of isolated strain-VA8 was found to be 3.569 U/mg and even
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after ethanol precipitation the specific activity was increased only to 4.125 U/mg. The isolated strain
P.aeruginosa strain-VA8 showed a considerable amount of enzyme activity but is very less when we
want to test it as a therapeutic protein. Hence further cloning and expression of PigA gene of
P.aeruginosa Strain-VAS8 is required to get high yield of protein and to test the ability of enzyme to be
used as therapeutic protein.

References:

Bonkovsky HL, Healey JF, Pohl J (1990) Purification and characterization of heme oxygenase from chick
liver: Comparison of the avian and mammalian enzymes. Eur J Biochem 189:155-166. doi:

10.1111/j.1432-1033. 1990.tb15472.x

Cornejo J, Beale SI (1988) Algal heme oxygenase from Cyanidium caldarium. Partial purification and

fractionation into three required protein components. J Biol Chem 263:11915-11921.
Dubey RC, Maheshwari D. (2002) Practical Microbiology, Reprint. S.Chand Publishing

Hill M, Pereira V, Chauveau C, et al (2005) Heme oxygenase-1 inhibits rat and human breast cancer cell
proliferation: mutual cross inhibition with indoleamine 2,3-dioxygenase. FASEB J 19:1957-68. doi:
10.1096/fj.05-3875com

Kirkby K, Adin C (2006) Products of heme oxygenase and their potential therapeutic applications. Am J
Physiol. doi: 10.1152/ajprenal.00220.2005.

Lowry OH, Rosebrough NJ, Farr AL, Randall R} (1951) Protein Measurement with the Folin Phenol
Reagent. J Biol Chem 265-275.

Maines MD, Trakshel GM, Kutty RK (1986) Characterization of two constitutive forms of rat liver
microsomal heme oxygenase. Only one molecular species of the enzyme is inducible. J Biol Chem

261:411-419.

Morse D, Choi AMK (2005) Heme oxygenase-1: From bench to bedside. Am J Respir Crit Care Med
172:660-670. doi: 10.1164/rccm.200404-46550

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories
International Journal of Research in Medical and Basic Sciences (IJRMS)

http://www.mbsresearch.com email id- irjmss@gmail.com Page 41




International Journal of Research in Medical and Basic Sciences, ISSN: 2455-2569

Vol.03 Issue-06, (June, 2017), ISSN: 2455-2569, Impact Factor: 4.457

Motterlini R, Foresti R, Bassi R, Calabrese V (2000) Endothelial Heme Oxygenase-1 Induction by Hypoxia
MODULATION BY INDUCIBLE NITRIC-OXIDE SYNTHASE ANDS-NITROSOTHIOLS. J Biol 275:13613-13620.

Ochsner UA, Johnson Z, Vasil ML (2000) Genetics and regulation of two distinct haem-uptake systems,
phu and has, in Pseudomonas aeruginosa. Microbiology 146:185-198. doi: do0i:10.1099/00221287-146-
1-185

Poss KD, Tonegawa S (1997) Reduced stress defense in heme oxygenase 1-deficient cells. Proc Natl Acad

Sci U S A 94:10925-30. doi: 10.1073/pnas.94.20.10925

Ratliff M, Zhu W, Deshmukh R, et al (2001) Homologues of neisserial heme oxygenase in gram-negative
bacteria: Degradation of heme by the product of the pigA gene of Pseudomonas aeruginosa. J Bacteriol

183:6394-6403. doi: 10.1128/JB.183.21.6394-6403.2001

Ryter SW, Alam J, Choi AMK (2006) Heme Oxygenase-1 / Carbon Monoxide: From Basic Science to
Therapeutic Applications. Physiol Rev 86:583—-650. doi: 10.1152/physrev.00011.2005.

Seixas E, Gozzelino R, Chora A, et al (2009) Heme oxygenase-1 affords protection against noncerebral

forms of severe malaria. Proc Natl Acad Sci U S A 106:15837—-15842. doi: 10.1073/pnas.0903419106

Tal M, Silberstein A, Nusser E (1985) Why does Coomassie Brilliant Blue R interact differently with
different proteins? A partial answer. J Biol Chem 260:9976—-9980.

Tenhunen R, Marver HS, Schmid R (1968) The enzymatic conversion of heme to bilirubin by microsomal

heme oxygenase. Proc Natl Acad Sci U S A 61:748-755. doi: 10.1073/pnas.61.2.748

Tracz MJ, Juncos JP, Grande JP, et al (2008) Induction of heme oxygenase-1 is a beneficial response in a

murine model of venous thrombosis. Am J Pathol 173:1882-90. doi: 10.2353/ajpath.2008.080556
Walker JM (ed) (2002) The Protein Protocols Handbook, Second. Humana Press

Wang A, Zeng Y, Han H, et al (2007) Biochemical and structural characterization of Pseudomonas
aeruginosa Bfd and FPR: Ferredoxin NADP+ reductase and not ferredoxin is the redox partner of heme

oxygenase under iron-starvation conditions. Biochemistry 46:12198-12211. doi: 10.1021/bi7013135

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories
International Journal of Research in Medical and Basic Sciences (IJRMS)

http://www.mbsresearch.com email id- irjmss@gmail.com Page 42




International Journal of Research in Medical and Basic Sciences, ISSN: 2455-2569

Vol.03 Issue-06, (June, 2017), ISSN: 2455-2569, Impact Factor: 4.457

Yachie A, Niida Y, Wada T, et al (1999) Oxidative stress causes enhanced endothelial cell injury in human

heme oxygenase-1 deficiency. J Clin Invest 103:129-135. doi: 10.1172/1Cl4165

Zhu W, Hunt DJ, Richardson AR, Stojiljkovic | (2000) Use of Heme Compounds as lron Sources by

Pathogenic Neisseriae Requires the Product of the hemO Gene. J Bacteriol 182:439-447.

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories
International Journal of Research in Medical and Basic Sciences (IJRMS)

http://www.mbsresearch.com email id- irjmss@gmail.com Page 43




