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Abstract
Aldehyde dehydrogenase (ALDH) enzymes are critical in the detoxification of aldehydes. The
human genome contains 19 ALDH genes, mutations in which are the basis of several diseases.
The expression, subcellular localization, enzyme kinetics and role of ALDH3B1 against aldehyde-
and oxidant-induced cytotoxicity were investigated. ALDH3B1 was purified from Sf9 cells using
chromatographic methods and enzyme kinetics were determined spectrophotometrically.
ALDH3B1 demonstrated high affinity for hexanal (Km 62 μM), octanal (Km 8 μM), 4-hydroxy-2-
nonenal (4HNE) (Km 52 μM) and benzaldehyde (Km 46 μM). Low affinity was seen towards
acetaldehyde (Km 23.3 mM), malondialdehyde (Km 152 mM) and the ester p-nitrophenylacetate
(Km 3.6 mM). ALDH3B1 mRNA was abundant in testis, lung, kidney and ovary. ALDH3B1
protein was highly expressed in these tissues and the liver. Immunofluorescence microscopy of
ALDH3B1-transfected human embryonic kidney (HEK293) cells and subcellular fractionation of
mouse kidney and liver revealed a cytosolic protein localization. ALDH3B1-transfected HEK293
cells were significantly protected from the lipid peroxidation-derived aldehydes trans-2-octenal,
4HNE and hexanal, and the oxidants H2O2 and menadione. In addition, ALDH3B1 protein
expression was up-regulated by 4HNE in ARPE-19 cells. The results detailed in this study support
a pathophysiological role for ALDH3B1 in protecting cells from the damaging effects of oxidative
stress.
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Introduction
Aldehydes are highly reactive compounds oxidatively-generated from numerous precursors
including lipids, alcohols, neurotransmitters and xenobiotics [1, 2]. Aldehydes and their
associated toxicity have been implicated in the etiology and progression of human
pathologies such as neurodegenerative diseases, alcoholic liver disease, cancer and male
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infertility [3-6]. Oxidative stress and resulting lipid peroxidation (LPO) can lead to the
generation of more than 200 reactive aldehydes, including the highly toxic 4HNE [7]. While
normal cellular levels of LPO-derived aldehydes, such as 4HNE, are in the micromolar
range, millimolar concentrations can be reached in pathological states [7].

The oxidation of aldehydes to carboxylic acids, catalyzed by the aldehyde dehydrogenase
(ALDH) enzyme superfamily, represents a significant metabolic route of aldehyde
detoxification [8]. The clinical importance of ALDHs is underscored by the fact that
mutations in several ALDH genes are the molecular basis of diseases including Sjögren-
Larsson syndrome, type II hyperprolinemia, γ-hydroxybutyric aciduria and pyridoxine-
dependent epilepsy [9, 10]. In addition, ALDH enzymes contribute to other pathological
conditions such as cancer, in which ALDH expression is a factor in drug resistance,
oxidative stress response and patient prognosis and outcome [11-14]. In addition to aldehyde
metabolism, several ALDHs possess esterase and nitrate reductase activity [15, 16] and
some are hormone- and/or xenobiotic-binding proteins [9, 17].

The ALDH3B1 gene encodes a protein of 468 amino acids (52 kDa), which belongs to the
ALDH3 family of proteins [18-20]. Members of the ALDH3 family (ALDH3A1,
ALDH3A2, ALDH3B1 and ALDH3B2) appear to have unique roles in the cellular defense
against oxidative stress and aldehyde toxicity. ALDH3A1, one of the most abundant
proteins in the cornea, efficiently metabolizes LPO-derived aldehydes and protects the
cornea against ultraviolet radiation- and 4HNE-induced oxidative damage [21, 22].
ALDH3A2 plays a critical role in the oxidation of long-chain fatty aldehydes and mutations
in ALDH3A2 result in Sjögren-Larsson syndrome, an inherited neurocutaneous disorder
[23, 24]. The physiological significance of the ALDH3B proteins, ALDH3B1 and
ALDH3B2, are only now being elucidated. Using crude cellular lysates, we have previously
shown that ALDH3B1 has enzymatic activity directed towards various aldehyde substrates
including 4HNE [25], one of the most reactive and cytotoxic aldehydes formed during LPO
[26]. As such, we postulated that ALDH3B1 may play an important physiological role
against oxidative stress processes. The present study was designed to characterize the
expression and subcellular localization of ALDH3B1 and determine the enzymatic
properties of the purified enzyme. In addition, the role of ALDH3B1 in the cellular defense
against aldehyde-and oxidant-induced cytotoxicity was investigated. This study represents
the most complete characterization of ALDH3B1 to date and the results described herein
provide direct evidence that ALDH3B1 has an important role in the defense against
oxidative stress.

Materials and Methods
Baculovirus expression

The previously cloned human ALDH3B1 cDNA [25] was used to obtain the coding region
of ALDH3B1, which was subcloned into the pBluebac 4.5 baculovirus expression vector
(Invitrogen, Carlsbad, CA, USA). The insert did not contain any native 5′ or 3′-untranslated
sequence, but the leader was modified to contain an added ‘Kozak’ sequence motif
(GCCACC) at the 5′-end (just in front of the ATG start methionine codon) for correct
initiation of translation in eukaryotic cells and to increase protein expression, as previously
described [27]. Sequence analyses verified the correct construction. Viruses were plaque-
purified and amplified in Sf9 insect cells (Spodoptera frugiperda), as previously described
[28]. Plaques were tested for ALDH3B1 protein expression by Western blot analyses. More
than 50% of the viral plaques produced a single protein band at 52 kDa that immuno-reacted
with the anti-human ALDH3B1 antibody. No reactive bands were detected in cell extracts
derived from uninfected Sf9 cells. Sf9 cells were infected with baculoviruses encoding the
human ALDH3B1 protein at a multiplicity of 1 for 48 h. Infected cells (500 ml culture) were
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harvested by centrifugation at 1000 g for 5 min and washed with PBS. Recombinant human
ALDH3B1 was purified from cell pellets.

Purification of ALDH3B1
ALDH3B1 was purified from Sf9 cell pellets using a combination of ammonium sulfate
precipitation and chromatography techniques. All procedures were conducted at 4°C, unless
otherwise noted. ALDH3B1-expressing Sf9 cell pellets from two 500 ml cell cultures were
suspended in 12 ml homogenization buffer (100 mM potassium phosphate, pH 7, 1 mM
EDTA, 1 mM β-mercaptoethanol, 0.02% Triton X-100, 0.2% sodium deoxycholate, 30 mM
KCl) containing 0.5 ml Complete Protease Inhibitor Cocktail (Roche Applied Science,
Indianapolis, IN, USA). Cells were sonicated and subsequently centrifuged at 100,000 g for
1 h, as described previously [29]. Cell supernatant was collected, diluted 10:1 with 0.5 M
Tris-HCl (pH 8.5) and titrated with saturated ammonium sulfate drop-by-drop to 35%. The
protein solution was stirred on ice for 30 min to ensure complete precipitation of
contaminating proteins, after which it was subjected to centrifugation for 20 min at 10,000 g.
The supernatant was collected and used to screen 7 different hydrophobic interaction
columns under a variety of purification conditions to determine maximum specific binding
and elution of ALDH3B1. The least hydrophobic media, Butyl-S Fast Flow (GE Healthcare,
Piscataway, NJ, USA), was found to have the highest selectivity for ALDH3B1. Ammonium
sulfate precipitation supernatant was diluted 1:1 with hydrophobic interaction
chromatography binding buffer (50 mM sodium phosphate, pH 7, 0.8 M ammonium sulfate)
and applied drop-by-drop to two 4.5 ml aliquots of Butyl-S Fast Flow chromatography
media packed into two Econo Columns (Bio-Rad, Hercules, CA, USA). Columns were
washed with 10 ml of binding buffer and ALDH3B1 protein was eluted with 20 ml elution
buffer (50 mM sodium phosphate, pH 7, 1 mM EDTA, 1 mM β-mercaptoethanol, 0.01%
Triton-X 100). Butyl-S eluate was concentrated to 1 ml using Amicon Ultra-15 centrifugal
filter tubes (Millipore, Billerica, MA, USA) and subjected to centrifugation at 3000 rpm for
24 min. The resulting concentrated protein solution was used to screen 7 different ion
exchange columns under a variety of purification conditions. The weak anion exchanger,
HiTrap DEAE FF (GE Healthcare), was determined to be optimal in its selectivity of
ALDH3B1. Concentrated protein solution was diluted 1:4 in ion exchange chromatography
binding buffer (20 mM Tris-HCl, pH 8.5, 1 mM EDTA, 1 mM β-mercaptoethanol, 50 mM
NaCl), filtered through a 0.22 μm filter and injected onto a HiTrap DEAE FF ion exchange
chromatography column connected to an Akta FPLC system (GE Healthcare). ALDH3B1
protein solution was eluted using a linear gradient of DEAE elution buffer (20 mM Tris-
HCl, pH 8.5, 1 mM EDTA, 1 mM β-mercaptoethanol, 1 M NaCl). Eluate fractions were
checked for ALDH3B1 enzymatic activity with NAD+ and octanal; highest activity fractions
were pooled and concentrated. Concentrated DEAE eluate (500 μl) was filtered, applied to a
Superdex 200 10/300 GL (GE Healthcare) gel filtration chromatography column and
purified ALDH3B1 protein was eluted in gel filtration buffer (50 mM sodium phosphate pH
7, 1 mM EDTA, 1 mM β-mercaptoethanol and 0.01% Triton X-100). Purified ALDH3B1
was concentrated and desalted using Protein Desalting Spin Columns (Pierce, Rockford, IL,
USA). Protein concentrations were estimated by BCA kit (Pierce) according to the
manufacturer's instructions.

Enzyme kinetic assays
The enzymatic activity of purified recombinant ALDH3B1 was measured
spectrophotometrically (using a Beckman DU-640 instrument) by monitoring the production
of NADH (340 nm) during the enzymatic oxidation of aldehyde substrates, as described
previously [29]. Assays were conducted at 25°C in a 1 ml reaction volume of 75 mM
sodium pyrophosphate (pH 8), 1 mM NAD+, 1 mM pyrazole and 1-5 μg of ALDH3B1
recombinant protein. The enzymatic reaction was initiated by the addition of 100 μl of
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various concentrations of aldehyde substrates (unless otherwise specified, purchased from
Sigma, St. Louis, MO, USA). Stock concentrations of aldehydes were prepared in 20%
methanol, with the final concentration in the reaction mixture being less than 1%. 4HNE
was purchased from Cayman Chemical Company (Ann Arbor, MI, USA). Malondialdehyde
(MDA) was synthesized as described previously [7]. The ester p-nitrophenylacetate (NPA)
was dissolved in acetone and ester hydrolysis was determined by measuring p-nitrophenol
formation at 400 nm in 0.1M sodium phosphate (pH 7.4), as described previously [30]. To
determine the apparent Km and Vmax values, ALDH3B1 enzymatic activities were measured
using various substrate concentrations ranging from one-tenth of the apparent Km to 10
times the Km for each substrate, as substrate solubility allowed. All enzyme assays were
performed in triplicate and rates were fitted to the Michaelis-Menten equation using
SigmaPlot software for enzyme kinetics (Sigma Plot Version 9.0, 2004). Enzyme specific
activities are expressed as nmol (or μmol) of NADH/min per mg protein).

Protein sequence analyses
The human ALDH3B1 protein sequence was analyzed for predicted subcellular localization
and targeting peptides using iPSORT [31], WOLF PSORT [32], Target P [33], MitoProII
[34], Predotar [35] and SOSUI programs [36]. Potential phosphorylation sites in the human
ALDH3B1 sequence were identified using NetPhos and NetPhosK programs [37].

Animals
C57BL/6J mice were euthanized by CO2 inhalation followed by cervical dislocation.
Animals were maintained in full compliance with all regulations stipulated by the
Institutional Animal Care and Use Committee of the University of Colorado Denver and all
published National Institutes of Health guidelines.

Western blot analyses
Mouse tissues were processed and subjected to Western blot analyses using anti-mouse
ALDH3B1 (1:500) antibody [25]. For the detection of human ALDH3B1 protein, anti-
human ALDH3B1 (1:200) antibody was used [25]. Antibody binding was detected using
peroxidase-conjugated goat anti-rabbit IgG (1:5000) (Calbiochem, San Diego, CA, USA)
and proteins were visualized using chemiluminescence (NEN Life Science Products,
Boston, MA, USA) and hyperfilm (GE Healthcare). Equivalent loading of protein samples
was confirmed by re-probing membranes with mouse monoclonal anti-β-actin IgG
(1:10,000; Sigma) followed by peroxidase-conjugated rabbit anti-mouse IgG (1:5000;
Sigma).

mRNA expression of ALDH3B1 in mouse tissues
Mouse tissues were harvested from male and female C57BL/6J mice (60-90 d old) and
stored in RNA Later solution (Applied Biosystems, Foster City, CA, USA) at −80°C. Total
RNA was isolated according to tissue type using Qiagen RNeasy Mini Kits according to the
manufacturer's protocols (Qiagen, Valencia, CA, USA). RNA was treated with Turbo DNA-
free DNase (Ambion, Austin, TX, USA). cDNA was synthesized using High Capacity
cDNA RT-PCR Kit (Ambion). Real-time PCR of the cDNA (50 ng) was performed using
ALDH3B1 (assay ID Mm00550698_m1) and β-actin (endogenous control) Taqman Gene
Expression Assays and Universal PCR Master Mix (Applied Biosystems). Relative
quantification of mRNA expression was determined using a Real-Time PCR 7500 SDS
System and Software (Applied Biosystems). RNA purity and integrity were verified by
measuring the ratio of absorbance at 260 and 280 nm (A260/A280) and by denaturing agarose
gel electrophoresis, respectively.
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Generation of HEK293 cell lines stably transfected with ALDH3B1
HEK293 cells were grown in Dulbecco's Modified Eagle Medium with high glucose
(Invitrogen, Carlsbad, CA, USA) and 7% FBS (Gemini, West Sacramento, CA, USA) at
37°C in a 5% CO2 incubator. For transfection, the human ALDH3B1 cDNA (coding region
only, with added Kozak sequence) was digested from the pBlueBac4.5/hALDH3B1-Kozak
plasmid and ligated into the pcDNA3.1(-) plasmid. HEK293 cells were transfected with
either pcDNA3.1(-) (vector only) or pcDNA3.1(-)/hALDH3B1-Kozak using a standard
calcium phosphate precipitation method, as described previously [38]. Stable cell
populations were selected using geneticin (Invitrogen). Following limiting dilution, cells
were allowed to form colonies, which were further expanded, analyzed for ALDH3B1
expression by Western blot analyses and cloned a second time to ensure 100% cellular
expression of ALDH3B1. ALDH3B1/HEK293 clones 5 and 32 were used for subsequent
experiments in this study.

Immunofluorescence microscopy and image analysis of HEK293 cell lines
Vector only- and ALDH3B1-transfected HEK293 cells were grown on glass coverslips in
culture dishes for at least 3 d prior to experiments, with media being changed every 2 d.
Cells were plated sparsely and harvested before confluence to ensure adequate space
between cells in order to accurately identify potential antigens present at the cell edge. At
the time of harvest, media was removed and replaced immediately with 3.7% formaldehyde
for 10 min to fix the cells, and then with 50% ethanol for 4 min to permeabilize the cells. A
final wash with PBS was performed for 30 min. Blocking solution (2% BSA in PBS) was
applied for 20 min followed by exposure to anti-human ALDH3B1 antibody [1:75] in
blocking buffer for 25 min. Coverslips were rinsed with PBS, re-blocked for 5 min and then
incubated with Alex Fluor® 488 labeled goat anti-rabbit IgG (Invitrogen) for 25 min. The
coverslips were rinsed again with PBS, incubated with DAPI (0.1 μg/ml) for 20 min, rinsed
with PBS and mounted on glass slides using Aquamount (ScyTek, Logan, UT, USA).
Immunofluorescent images were captured at room temperature on a Nikon Diaphot
fluorescence microscope equipped with a Cooke SensiCam CCD camera (Tonawand, NY,
USA) using Slidebook software (Intelligent Imaging Innovations Inc., Denver, CO, USA).
All images were digitally deconvolved using the No Neighbors algorithm (Slidebook),
converted to TIFF files and processed using Photoshop (Adobe Systems Inc., Mountain
View, CA, USA).

Subcellular fractionation of mouse liver and kidney
Fresh liver and kidney were harvested from C57BL/6J mice and processed to obtain
subcellular fractions, as previously described [39]. Fifteen μg total protein from each
fraction was separated by SDS-PAGE and ALDH3B1 was identified by Western blotting.
Purity was assessed by probing the blots with glutamate cysteine ligase modifier subunit
(GCLM), Na+/K+ ATPase β1 (sc-16053; Santa Cruz Biotechnology), voltage-dependent
anion channel 1 (VDAC1) (ab15895; Abcam), superoxide dismutase 2 (SOD2) (06-984;
Millipore) and histone H1 (sc-10806; Santa Cruz Biotechnology) antibodies for cytosolic,
membranes, mitochondrial membranes, mitochondrial soluble and nuclear fractions,
respectively.

Cytotoxicity assays
Vector- and ALDH3B1-transfected HEK293 cells were seeded into 24-well plates at 2 × 105

cells per well in 1 ml complete growth media overnight in a tissue culture incubator (37°C,
5% CO2). The following day (≈ 80% confluence), the media was carefully removed and
replaced with various concentrations of aldehydes (4HNE, benzaldehyde, T2O, hexanal) or
oxidants (H2O2, menadione, paraquat) in 1 ml phenol red-free DMEM containing 1% fetal
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bovine serum (Gemini). Treated cells were incubated for 16 h followed by subsequent
analysis with MTT (3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide) or
sulforhodamine B (SRB) assays, as previously described [21, 40]. Cell images were taken
using a Nikon Eclipse TS100 inverted microscope equipped with a Nikon DS-Fi1 digital
camera (Nikon, Melville, NY, USA). For MTT assays, 200 ml MTT solution (5 mg/ml in
PBS) was added per well to the existing media and allowed to incubate for 3 h. The media
was then carefully removed and replaced with 1.5 ml MTT solvent (4 mM HCl, 0.1% (vol/
vol) NP40 in isopropanol). Plates were then placed in the dark and incubated for 2 h at room
temperature to dissolve precipitant. Cell viability was determined from the cellular reduction
of MTT to formazan by measuring the absorbance at 570 nm using a Spectramax Plus384

plate reader (Molecular Devices, Sunnyvale, CA, USA). For the SRB assay, vector- and
ALDH3B1-transfected HEK293 cells were seeded and treated with aldehydes as described
for the MTT assay. Following aldehyde treatment, 1 ml cold 10% trichloroacetic acid was
added to the existing media and the cells were incubated for an additional 1 h at 4°C. The
plates were gently washed four times with water and allowed to dry overnight at room
temperature. After drying, 0.5 ml 0.057% (wt/vol) SRB (Sigma) in 1% (vol/vol) acetic acid
was added to each well and incubated at room temperature for 30 min. Plates were
subsequently washed four times with 1% (vol/vol) acetic acid to remove any unbound stain
and left overnight at room temperature to dry completely. One ml 10 mM Tris Base (pH
10.5) was added to each well and the plates were shaken at room temperature for 15 min to
dissolve the bound dye. Cell survival was measured by taking fluorescence measurements at
an excitation and emission wavelength of 488 nm and 570 nm, respectively, using a
Spectramax Gemini EM plate reader (Molecular Devices). Using the SRB and MTT assay
data, linear interpolation of log concentration survival and viability curves were constructed
and acute EC50 values were calculated using regression analysis and the equation of four-
parameter logistic curve (SigmaPlot software, version 9.0, 2004), as previously described
[21].

Cell lines and culture conditions
Human embryonic kidney (HEK293) cells, human alveolar basal epithelial (A549) cells and
human hepatocellular carcinoma (HepG2) cells were grown in Dulbecco's Modified Eagle
Medium (DMEM) with high glucose supplemented with 10% heat inactivated fetal bovine
serum (Gemini, West Sacramento, CA, USA) and 1% of a stock solution containing 10,000
IU/mL penicillin and 10 mg/mL streptomycin (Sigma-Aldrich, St. Louis, MO, USA).
Human renal proximal tubular epithelial (HK-2) cells and human retinal pigment epithelial
(ARPE-19) cells were grown in DMEM/F12 supplemented with 5% heat inactivated FBS
and 1% of a stock solution containing 10,000 IU/mL penicillin and 10 mg/mL streptomycin.
All cell lines were cultured at 37°C in a 5% CO2 incubator.

ALDH3B1 gene regulation in vitro
Gene regulation of ALDH3B1 by various compounds was studied in vitro using cultured
cell lines. First, to determine putative transcription factor binding sites that may be involved
in gene regulation, the 5Kb upstream (of the translation initiation site) promoter sequence
for both human and mouse ALDH3B1 were screened with PROMO version 3.02 [41, 42]
utilizing version 8.3 of the TRANSFAC transcription factor binding site database [43].
Putative conserved binding sites that were identified in homologous regions of human and
mouse ALDH3B1 sequences included Nrf2, ER-alpha & -beta, PPAR-alpha and NF-kB.
The Nrf2 pathway is activated during oxidative or electrophilic stress. Upon activation, Nrf2
transactivates antioxidant response elements (ARE) in promoter regions of target genes. A
number of compounds, including hydrogen peroxide (H2O2) [44] and 4HNE [45], are
known to activate the Nrf2 pathway. The presence of multiple ER2-alpha and -beta binding
sites indicated possible ALDH3BB1 gene regulation by estrogen. Clofibrate, a potent
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PPAR-alpha activator, was used to address possible regulation by PPAR transcription
factors. Lipopolysaccharide (LPS) activates pro-inflammatory cytokines resulting in the up-
regulation of a number of downstream genes. The NF-kB pathway has been shown to be a
target of both LPS [46] and H2O2 [47]. To determine if the ALDH3B1 gene is regulated by
these compounds, A549, ARPE-19, HepG2 and HK-2 cells were grown in 100mm culture
dishes in complete media until 50% confluent. The media was then replaced with antibiotic-
free media containing reduced 1% heat inactivated FBS and supplemented with 100 μM
clofibrate, 100 nM estradiol (E2), 50 μM H2O2, 10 μM 4HNE or 2 μg/mL LPS. All media
was removed and replaced with fresh treatment after 18 h and allowed to incubate for an
additional 18 h, for a total treatment period of 36 h. The cells were then harvested and
processed in RIPA buffer. Fifteen μg lysate was separated by SDS-PAGE and ALDH3B1
expression identified by Western blotting. All blots were re-probed with β-actin antibody to
confirm equal sample loading. As an added control, samples were also probed for the
expression of an additional ALDH enzyme (ALDH7A1), which is not believed to be
regulated by the above-mentioned compounds.

Statistical analysis
All values are expressed as mean ± SEM. Groups were compared by Student's unpaired t-
test (SigmaPlot, version 9.0, 2004). P<0.05 was considered to be significant.

Results
Purification of recombinant human ALDH3B1

Purification of recombinant human ALDH3B1 was achieved from ALDH3B1-infected Sf9
cells in a multi-step process involving ammonium sulfate precipitation followed by
hydrophobic interaction, ion-exchange and gel filtration chromatography (Table 1). A
purification of approximately 30-fold, as evidenced by the 30-fold increase in ALDH3B1
specific activity was achieved. This method resulted in a major protein band at 52 kDa by
Coomassie staining (Figure 1A, lane 6), which was also immunostained as the purified
ALDH3B1 protein by Western blot (Figure 1B, lane 2). High molecular weight protein
bands were also visible in the final purified samples of ALDH3B1 processed for SDS
PAGE; these may represent un-denatured ALDH3B1 protein. We have previously shown
that non-infected Sf9 cells have negligible enzymatic activity towards aldehyde substrates
[25]; thus, if contaminating Sf9 cell proteins are present in purified ALDH3B1 samples, they
are not believed to contribute to aldehyde oxidation as measured in this study.

Kinetic properties of human ALDH3B1
The purified ALDH3B1 protein was subsequently used for kinetic studies. Apparent Km and
Vmax values of recombinant human ALDH3B1 were determined for various aldehyde
substrates and the ester p-nitrophenylacetate (Table 2). The recombinant enzyme was
capable of oxidizing medium-chain saturated and unsaturated aldehydes including hexanal
(Km = 62 μM), 4HNE (Km = 52 μM) and octanal (Km = 8 μM), as well as the aromatic
aldehyde benzaldehyde (Km = 46 μM). Both the highest affinity and efficiency (Vmax/Km =
155) was directed towards octanal, a C8 aliphatic saturated aldehyde. Short-chain aldehydes
(acetaldehyde and malondialdehyde) appeared to be poor substrates, with Vmax/Km being
less than 0.1. ALDH3B1 was active towards the ester p-nitrophenylacetate with an affinity
constant (Km) of 3.6 mM. The addition of NAD+ to the reaction mixture inhibited esterase
activity by 21% (data not shown). The Kms for NAD+ and NADP+ were determined to be
316 μM and 1041 μM, respectively. Both affinity and catalytic efficiency were higher for
NAD+ as opposed to NADP+, which has also been observed with other ALDH3 family
members [48]. Similar to that reported for ALDH3A1 [49], no inhibition of ALDH3B1 by
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disulfiram was demonstrated in this study. However, 2 mM cyanamide produced a mild
inhibitory effect (17% decrease) on ALDH3B1 enzymatic activity (Table 2).

ALDH3B1 protein and mRNA expression in mouse tissues
ALDH3B1 protein was found to be expressed in a number of mouse tissues including
kidney, liver, stomach, lung, spleen, tongue, pancreas (Figure 2A), eye, ovary and testis
(Figure 2B). ALDH3B1 mRNA expression was found in nearly all tissues examined (Table
3). Relative to kidney (100%), values for the quantities of mRNA ranged from 4%
(stomach) to 1396% (testis). In addition to testis, tissues with relatively high expression
included lung (254%), ovary (215%), adrenal gland (180%), femur bone (168%), skull bone
(166%), peripheral leukocytes (105%) and trachea (105%). In addition to the stomach (4%),
tissues with detectable but relatively low expression of ALDH3B1 mRNA included lacrimal
gland (7%), eye lens (10%), large intestine (13%), submandibular gland (16%), seminal
vesicle (17%), tongue (17%), thymus (17%), bladder (18%) and skin (19%).

Expression of ALDH3B1 in transfected HEK293 cells
To investigate the subcellular expression and protective role of ALDH3B1 against aldehyde
toxicity, Stably-transfected ALDH3B1-expressing HEK293 cell clones were created and
isolated using a pcDNA3.1(-) plasmid encoding the human ALDH3B1 cDNA. HEK293
cells stably transfected with the pcDNA3.1(-) vector alone were used as controls. Expression
of the 52kDa ALDH3B1 was seen in approximately 70% of the clones (Figure 3A, lanes
2-7, 3B, lane 2). ALDH3B1 protein was undetectable in vector-only control cells (Figure
3A, lane 1, 3B, lane 1).

Immunofluorescence microscopy of transfected HEK293 cells
Immunofluorescent confocal microscopy was used to determine the subcellular localization
of ALDH3B1 in transfected HEK293 cell clones (Figures 3D, E), ALDH3B1 appears to be
cytoplasmic but possibly membrane-associated or plasma membrane-bound. Both
ALDH3B1-transfected HEK293 cell clones 32 (Figure 3D) and 5 (Figure 3E) were
investigated and displayed similar localizations. No nuclear, mitochondrial or microsomal
localization was demonstrated within either clonal cell line. Neither parental HEK293 cells,
vector only-transfected HEK293 control cells nor non-expressing ALDH3B1-transfected
clones (non-expressing as determined by Western blot analyses) showed specific
immunohistochemical staining.

Analysis of ALDH3B1 protein sequence
Analysis of the amino acid sequence of human ALDH3B1 using protein subcellular
localization prediction programs revealed no signal peptide or specific subcellular targeting
sequence. However, the SOSUI program identified two potential transmembrane regions
(amino acids 110-132 and 151-173) and the WOLF PSORT program gave the highest
probability for ALDH3B1 being a plasma membrane protein (12.5%), as compared to other
subcellular regions, indicating ALDH3B1 may theoretically be membrane-associated.

Subcellular fractionation of kidney and liver
To further determine the subcellular localization of the ALDH3B1 protein, subcellular
compartments were isolated from mouse kidney and liver and analyzed for ALDH3B1
expression using an anti-mouse ALDH3B1 antibody. A cytosolic subcellular localization of
mouse ALDH3B1 was demonstrated (Figures 4A, B). Fraction purity was confirmed by
probing the isolated subcellular samples for the expression of enzymes with known
localizations (GCLM - cytosol; Na+/K+ ATPase β1 -membranes; VDAC1 - mitochondrial
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membranes; SOD2 - mitochondrial soluble fraction; histone H1 -nuclear fraction (Figures
4A, B).

Protective role of ALDH3B1 against aldehyde cytotoxicity
The ability of ALDH3B1 to protect cells from the cytotoxic effects of various aldehydes was
examined in vector-only (control) and ALDH3B1-transfected HEK293 cells (clone 5) by
both MTT (cell viability) and SRB (cell survival) assays (Figure 5). The MTT assay
analyzes cell viability by measuring the cellular reduction of MTT to formazan. The SRB
assay is a sensitive measure of cytotoxicity that detects the binding of SRB to basic amino
acids of cellular proteins and is an estimate of cell survival [50]. ALDH3B1-expressing cells
were significantly less sensitive to the toxic effects of 4HNE (Figure 5A, B), hexanal
(Figure 5C, D), benzaldehyde (Figure 5E, F) and T2O (Figure 5G), when compared to the
stably-transfected vector-only cells. In the case of 4HNE, cell survival in vector only-
transfected cells, as measured by the SRB assay, significantly decreased relative to
ALDH3B1-expressing cells at concentrations exceeding 10 μM (Figure 5B). However, cell
viability of vector only-transfected cells treated with 4HNE, as measured by the MTT assay,
started to be significantly reduced relative to ALDH3B1-expressing cells at the lowest
concentration of 4HNE tested, viz. 5 μM (Figure 5A). At 100 μM 4HNE, cell survival and
viability of vector only-transfected cells was nominal (2% and 4%, respectively) while cell
survival and viability of ALDH3B1-expressing cells remained fairly robust at 54% and 43%,
respectively. EC50 values for 4HNE in vector only-transfected cells were 35.9 ± 1.7 μM and
18.0 ± 0.4 μM, as measured by SRB and MTT assays, respectively. In contrast, EC50 values
for 4HNE in ALDH3B1-transfected cells were 113.0 ± 17.6 μM and 97.6 ± 3.4 μM,
respectively. In cells treated with 4HNE, which is administered in an ethanol vehicle, the
toxicity of the ethanol vehicle itself was examined relative to untreated cells. No toxicity
from ethanol vehicle was demonstrated, either in vector-only or ALDH3B1-transfected cells
(data not shown).

Protection from hexanal in ALDH3B1-expressing cells was seen beginning at 100 μM, as
measured by the MTT assay, and at 500 μM, as measured by the SRB assay (Figures 5C,
D). EC50 values for hexanal in vector only-transfected cells were 272.9 ± 19.0 μM and
270.9 ± 27.5 μM, as measured by SRB and MTT assays, respectively. In contrast, EC50
values for hexanal in ALDH3B1-transfected cells were 645.7 ± 12.3 μM and 561.6 ± 32.8
μM, as measured by SRB and MTT assays, respectively. The aromatic aldehyde
benzaldehyde significantly reduced cell viability (MTT assay) and cell survival (SRB assay)
of vector only-transfected cells beginning at 2.5 mM and 10 mM (respectively) relative to
ALDH3B1-expressing cells (Figure 5E, F). EC50 values for benzaldehyde in vector only-
transfected cells were 6.4 ± 0.4 mM and 5.8 ± 0.5 mM, as measured by SRB and MTT
assays, respectively. In contrast, EC50 values for benzaldehyde in ALDH3B1-transfected
cells were 14.1 ± 8.9 mM and 13.1 ± 3.7 mM, respectively. Cell viability (MTT assay) of
vector only-transfected HEK293 cells treated with T2O was markedly reduced (to 4%)
beginning at 100 μM T2O, as compared to ALDH3B1-transfected cells (to 72%) at the same
concentration (Figure 5G). EC50 values for T2O were 52.2 ± 16.5 μM and 276.5 ± 15.8 μM
in vector only-transfected and ALDH3B1-transfected cells, respectively.

Cell survival (as measured by SRB assay) was significantly decreased in ALDH3B1-
expressing cells at benzaldehyde concentrations of 1.25, 2.5 and 5 mM and hexanal at 50
μM, when compared to vector-only transfected cells. Measures of cell viability using the
MTT assay did not display this trend. It can be speculated that benzaldehyde and hexanal
may have an initial mild proliferative effect that is mitigated in ALDH3B1-expressing cells.
Nonetheless, EC50 values demonstrated that ALDH3B1-expressing cells were significantly
less susceptible to aldehyde-induced cytotoxicity, compared to vector-only transfected cells
(Figure 5, A-G, curve legends). Both SRB and MTT assays gave comparable EC50 values,
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confirming the cytotoxic validity of these assays. Cell images of vector-transfected and
ALDH3B1-transfected HEK293 cells were consistent with the results of cytotoxicity assays
(data not shown).

Protective role of ALDH3B1 against oxidant cytotoxicity
The ability of ALDH3B1 to also protect cells from the cytotoxic effects of the oxidants
H2O2, menadione and paraquat was examined in vector-only (control) and ALDH3B1-
transfected HEK293 cells (clone 5) by MTT assay (Figure 6). ALDH3B1-expressing cells
were significantly less sensitive to the toxic effects of H2O2 (Figure 6A), menadione (Figure
6B) and paraquat (Figure 6C) at various concentrations, when compared to vector-only cells.
In the case of H2O2, cell viability in vector only-transfected cells significantly decreased
relative to ALDH3B1-expressing cells at all concentrations studied (0.1 - 2.5 mM) (Figure
6A). At 250 μM H2O2, cell viability of vector only-transfected cells decreased to 14% while
cell viability of ALDH3B1-expressing cells remained at 39%. The EC50 value for H2O2 in
vector only-transfected cells was estimated to be 0.02 ± 0.01 mM compared to 0.8 ± 0.1 mM
in ALDH3B1-expressing cells. Protection from the oxidant menadione in ALDH3B1-
expressing cells was also seen at all concentrations studied (5-30 μM; Figure 6B). The EC50
value for menadione in vector only-transfected cells was 10.8 ± 0.2 μM while in
ALDH3B1-transfected cells it was 12.0 ± 0.4 μM. The redox-cycling agent paraquat
significantly reduced cell viability of vector only-transfected cells only at 500 μM relative to
ALDH3B1-expressing cells (Figure 6C). Lower concentrations of paraquat produced no
change in cell viability between ALDH3B1-expressing and vector-only cells.

Induction of ALDH3B1 protein expression
To investigate potential compounds that may be involved in ALDH3B1 gene regulation,
ALDH3B1 protein expression was determined in multiple cell lines following treatment
with various compounds. Clofibrate is a PPAR alpha ligand that has been shown to decrease
ALDH3A1 expression in hepatoma cell lines [51]. Estradiol (E2) has been shown to directly
induce expression of various ALDH enzymes, particularly those involved in retinoic acid
biosynthesis pathways [52]. Cells were also treated with the oxidative stress-inducing
compounds H2O2, 4HNE and LPS. No change in ALDH3B1 expression was found in A549,
HepG2 or HK-2 cell lines from any treatment when compared to untreated control cells.
However, treatment with 10 μM 4HNE in ARPE-19 cells resulted in a significant increase
in ALDH3B1 protein expression over that of control cells, indicating the ALDH3B1
substrate and LPO-derived aldehyde may be involved in ALDH3B1 gene regulation (Figure
7). As validation of these findings, no change in ALDH7A1 expression was found in any
cell line following any treatment studied (data not shown).

Discussion
The ALDH3 family has unique roles in a variety of tissues. In the cornea, ALDH3A1
protects ocular structures against UV-induced damage by metabolizing LPO-derived
aldehydes [21], absorbing ultraviolet light [22] and scavenging ROS [40]. Mutations in
ALDH3A2 result in Sjögren-Larsson syndrome, a disorder characterized by congenital
ichthyosis, mental retardation and ocular abnormalities [24]. The ALDH3B1 protein shares
53% and 55% sequence homology with ALDH3A1 and ALDH3A2, respectively. While
little is known about the physiological role of the ALDH3B1 protein, our previous findings
suggested that ALDH3B1 may defend against oxidative stress processes [25]. The
characterization of ALDH3B1 detailed in this report, including the biochemical
characterization and role as a cellular defense system against aldehyde and oxidant toxicity,
lends further support for an important physiological role of ALDH3B1 against oxidative
stress.
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We and others have reported isolating ALDH enzymes to 95% or higher purity by one-step
affinity chromatography using NAD+-analog (5′-AMP) columns [28, 29, 53]. However,
ALDH3B1 binds very poorly to 5′-AMP and other NAD+-analog columns. In addition,
ALDH3B1 binds essentially irreversibly to 2′,5′-ADP (NADP+-analog) columns. In this
regard, human ALDH3B1 appears to have distinct biochemical properties from other ALDH
enzymes including sequence-related ALDH3 members. The Rossman fold cofactor-binding
turn region (GxTxxG) is highly conserved in ALDH sequences and is considered to be
essential for interacting with the nicotinamide ring [54]. However, in human ALDH3B1, the
threonine is replaced with a proline to give the sequence 188GxPxxG193. Similar to other
ALDH3 family members, ALDH3B1 is able to use either NAD+ or NADP+ as cofactors;
however, the affinity and catalytic efficiency for both cofactors was found to be markedly
lower than other ALDH3 enzymes [48, 55-57]. ALDH3A1 demonstrates an affinity constant
for NAD+ as low as 3 μM, indicating the enzyme has approximately 100-fold higher affinity
for the cofactor than ALDH3B1. Likewise, catalytic efficiency values of NAD+ reported for
ALDH3A1 are approximately 400-fold higher than the present findings for ALDH3B1.
These findings may also explain the distinct differences seen in ALDH3B1 affinity for the
cofactor-analogs 5′-AMP and 2′,5′-ADP when compared with other ALDH enzymes,
particularly those that are easily purified using cofactor-analog chromatography columns,
such as ALDH3A1.

Multiple expression and purification systems were utilized in an attempt to purify human
ALDH3B1 to homogeneity while also preserving enzymatic activity for biochemical
analysis. These included the expression of the ALDH3B1 protein as a GST- and
hexahistidine (His6)-tagged fusion protein in E. Coli and Sf9 cells. No detectable enzymatic
activity was found in E. Coli-expressing cell lysates or purified samples. Recent data in the
literature [58] and protein phosphorylation prediction programs (NetPhos, NetPhosK)
suggest that ALDH3B1 may be phosphorylated in its native state, particularly at serine
residues 368 and 464. Phosphorylation has been reported to activate ALDH2 activity [59];
its potential effect on ALDH3B1 enzymatic activity remains to be clarified. Eukaryotic Sf9
cell lysates expressing ALDH3B1-GST were enzymatically active but protein binding to the
GSH resin was negligible, indicating that the GSH binding region was obscured. Solubility
was also a significant obstacle when expressing ALDH3B1 as a fusion protein. Denaturing
conditions produced pure protein; however, enzymatic activity could not be recovered
following refolding attempts. To achieve high expression levels of ALDH3B1 while
maintaining enzymatic activity, a baculovirus Sf9 expression vector was created in which
only the coding region of the ALDH3B1 cDNA was inserted and an added Kozak
(GCCACC) sequence put in place before the first methionine, as described previously [27,
28]. These changes increased ALDH3B1 expression approximately 40-fold and allowed the
protein to be purified using a multi-step process while both maintaining enzymatic activity
and sufficient yield for enzyme kinetic analyses.

The affinities and catalytic efficiencies of human ALDH3B1 for 4HNE, hexanal, octanal
and benzaldehyde reported here are consistent with those demonstrated for other ALDH
enzymes believed to metabolize these aldehydes in vivo [29]. Substrate specificity, as
determined here with pure protein by kinetic constants, is in agreement with previous
findings comparing enzymatic activity of cell lysates [25]. In addition, 4HNE, hexanal, T2O
and benzaldehyde cytotoxicity was significantly diminished in ALDH3B1-transfected
HEK293 cells. Similar results have been reported for ALDH3A1, which is believed to play a
major role in the cellular protection against LPO-derived aldehydes in vivo [29]. Short-chain
aldehydes (acetaldehyde and malondialdehyde) were found to be poor substrates, which is
consistent with that reported for other ALDH3 family members [29]. The binding of NAD+

to ALDH3B1 inhibited esterase activity, which is in contrast to ALDH2 but consistent with
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ALDH3A1, indicating that ALDH2 and ALDH3 family members may display distinct
effects of NAD+-binding to their active site regions [60].

An intronic SNP (rs3751082 A) in ALDH3B1 has been linked to paranoid schizophrenia
[61]. Intronic SNPs may play a role in schizophrenia as a result of altered pre-mRNA
splicing and subsequent exon deletion [62]. Increased oxidative stress occurs in
schizophrenics [63] and LPO-derived aldehydes including 4HNE have been implicated to
play major roles in other pathological disease states of the brain including Alzheimer's and
Parkinson's diseases [3, 64]. Of particular interest is the putative link between LPO-derived
aldehydes and dopamine, which is directly metabolized by ALDH enzymes to the
neurotoxic 3,4-dihydroxyphenylacetaldehyde (DOPAL) [65]. Neuronal accumulation of
DOPAL can occur when this pathway is impaired [65, 66]. Recent reports indicate that
LPO-derived aldehydes including 4HNE are responsible for inhibiting the ALDH-mediated
oxidation of DOPAL [66, 67]. While DOPAL is a poor substrate for ALDH3B1 [25], our
data collectively suggest that ALDH3B1 may prevent the accumulation of the DOPAL
neurotoxin by metabolizing LPO-derived aldehydes. In this regard, ALDH3B1 may prove to
have a protective role in a variety of disease states of the brain in which oxidative stress is
implicated.

Several ALDH isozymes, including members of the ALDH3 family, have been found to be
localized to multiple subcellular compartments where they perform distinct functions [1].
ALDH3A1, primarily found in the cytosol, is also present in the nucleus where it may have
a role in cell cycle control. In addition, a splice variant of the microsomal ALDH3A2 is
localized in peroxisomal membranes where it is involved in phytanic acid metabolism. As
such, an important aspect of the present study was the identification of the subcellular
localization of human ALDH3B1. In transfected HEK293 cells, ALDH3B1 appeared
cytosolic, albeit with a higher concentration at the cell membrane. Analysis of the
ALDH3B1 protein sequence revealed no signal or targeting peptides, indicating the protein
may be cytosolic but associating with the membrane through other unknown proteins.
Fractionation of mouse kidney and liver supported the finding that ALDH3B1 is a cytosolic
protein.

The tissue expression of ALDH3B1 protein and mRNA in tissues is supportive of a role in
oxidative stress. ALDH3B1 protein appeared high in the liver where ethanol metabolism and
other oxidative processes lead to increased oxidative stress, LPO-derived aldehydes, free
radicals and DNA damage [68]. In contrast, ALDH3A1 was negligibly expressed in liver
[69]. ALDH3B1 was also highly expressed in the kidney where various disease states are
associated with increased production of ROS and cell death [70]. High levels of ALDH3B1
were also found in the lung; direct contact with the atmosphere makes the lung vulnerable to
inhaled aldehydes, such as those present in environmental pollutants. Ovary and testis, both
of which show high ALDH3B1 protein and mRNA expression, are also sensitive to
oxidative stress processes. In the testis, oxidative stress and the production of 4HNE impair
spermatogenesis [5] and environmental pollutants cause increased aldehydes, aldehyde-
protein adducts and DNA damage [71]. Expression of ALDH3B1 in the eye is also
interesting as the sequence-related ALDH3A1 plays a critical role in protecting ocular
structures from oxidative damage [22]. Similar to other ALDH3 enzymes [72], ALDH3B1
can use NADP+ as a cofactor [25]. Thus, ALDH3B1 may have an additional antioxidant role
in tissues through the production of NAD(P)H and the regeneration of reduced GSH. Gene
regulation (or control of the mRNA by miRNA) of ALDH3B1 may explain observed
differences between ALDH3B1 protein and mRNA expression.

ALDH3B1 protein expression was induced in ARPE-19 cells by a sub-lethal concentration
of 4HNE. We have previously shown that ALDH3B1 is up-regulated in various human
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tumors, which may be the result of oxidative stress processes [73]. In breast cancer cell
lines, ALDH3A1 is induced by transient exposure to electrophiles which activate ARE [74].
The central regulator of the ARE response is the transcription factor Nrf2 which, on
activation, dissociates from its inhibitor Keap1, translocates to the nucleus and activates
ARE-dependent genes. 4HNE has been shown to modify Keap1 and activate ARE [75]. Our
findings indicate that 4HNE may mediate redox cell signaling and the transcriptional
regulation of the ALDH3B1 antioxidant enzyme.

In summary, kinetic and cytotoxicity studies reveal that ALDH3B1 efficiently metabolizes
and protects cells from LPO-derived aldehydes and oxidant compounds, indicating the
enzyme has an important role in the cellular defense against both oxidative stress and
downstream aldehydes. In addition, this study also reveals the cytosolic subcellular
localization of ADH3B1 and the putative 4HNE-mediated regulation of the ALDH3B1
gene. We believe the results presented here will be useful in providing further insight into
the physiological significance of ALDH3B1.
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HEK293 human embryonic kidney 293 cells

Sf9 Spodoptera frugiperda
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MTT 3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide

SRB sulforhodamine B

T2O trans-2-octenal
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Figure 1.
Purification of human ALDH3B1 from baculovirus-infected Sf9 cells. Purified recombinant
human ALDH3B1 as analyzed by Coomassie blue staining (A) and immunoblot analysis
(B). Lane 1 (A), cell lysate; lane 2 (A), 35% ammonium sulfate precipitation; lane 3 (A),
Butyl-S FF eluate; lane 4 (A), DEAE FF eluate; lane 5 (A), Superdex 200 pooled eluate;
lane 6 (A), Superdex 200 fractionated eluate. Lane 1 (B), cell lysate; lane 2 (B), purified
ALDH3B1.
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Figure 2.
Expression of ALDH3B1 protein in mouse tissues. Immunoblot analysis of ALDH3B1
expression in C57BL/6J mice. A: kidney (lane 1), liver (lane 2), stomach (lane 3), lung (lane
4), spleen (lane 5), tongue (lane 6), pancreas (lane 7); B: eye (lane 1), ovary (lane 2), testis
(lane 3).
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Figure 3.
Human ALDH3B1 expression and subcellular localization in HEK293 cells. HEK293 clones
stably transfected with human ALDH3B1 (A, lanes 2-7; B, lane 2) or transfected with vector
alone (A, lane 1; B, lane 1). Clones 32 (A, lane 5) and 5 (B, lane 2) were used for
immunofluorescence microscopy (C-E). Vector only-transfected HEK293 cells (C) and
human ALDH3B1-transfected HEK293 clones 32 (D) and 5 (E), were stained using anti-
human ALDH3B1 primary antibody [1:75] and secondary goat anti-rabbit antibody.
Expression is indicated by green color. Cells were counterstained with DAPI to show nuclei.
Bars = 20 microns.
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Figure 4.
Subcellular localization of mouse ALDH3B1. Individual organs were isolated from adult
C57BL/6J mice. ALDH3B1 expression in subcellular fractions from kidney (A) and liver
(B) was determined via Western blot analysis using anti-mouse ALDH3B1 antibody (as
described in Materials and Methods). Fifteen μg whole cell or subcellular fraction lysate
was loaded into each lane. Blots were also probed with GCLM (cytosol), Na+/K+ ATPase
β1 (membranes), VDAC1 (VDAC, mitochondrial membranes), superoxide dismutase 2
(SOD2, mitochondria soluble), and histone H1 (nuclei) to assess fraction purity.
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Figure 5.
ALDH3B1 protection against aldehyde cytotoxicity. HEK293 cells stably-transfected with
human ALDH3B1 (clone 5) (filled circles) or vector-alone (open circles) were treated with
4HNE (0-0.5mM; A, B), hexanal (0-5mM; C, D), benzaldehyde (0-20mM; E, F) or trans-2-
octenal (T2O) (0-1mM; G) and analyzed for cell viability by the MTT assay (A, C, E, G)
and cell survival by the SRB assay (B, D, F). Data represent means ± SEM from triplicates
in at least three separate experiments. * Statistically significant differences between
cytotoxic dose responses (P<0.05).
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Figure 6.
ALDH3B1 protection against oxidant cytotoxicity. HEK293 cells stably-transfected with
human ALDH3B1 (clone 5) (filled circles) or vector-alone (open circles) were treated with
H2O2 (0-2.5mM; A), menadione (0-30 μM; B), or paraquat (0-0.5mM; C) and analyzed for
cell viability by MTT assay. Data represent means ± SEM from triplicates in at least three
separate experiments. *Statistically significant differences between cytotoxic dose responses
(P<0.05).
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Figure 7.
Induction of ALDH3B1 gene expression in vitro. ARPE-19 cells were untreated (control, C)
or treated with 100 μM clofibrate (Clof), 100 nM estradiol (E2), 10 μM 4-hydroxy-2-
nonenal (4HNE) or 2 μg/mL lipopolysaccharide (LPS) for 36 h (as described in Materials
and Methods). ALDH3B1 induction in response to the treatments was determined by
Western blot. ALDH3B1 protein bands were normalized relative to their respective β-actin
expression. Density is displayed as means ± SEM from triplicate experiments. * Statistically
significant difference compared to untreated control cells (P < 0.05).
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Table 1
Purification yield of recombinant human ALDH3B1 expressed in Sf9 cells

Purification step Total protein (mg) Specific activity a (μmol NADH/min per mg) Yield (%) Purification b (-fold)

cell lysate 370 0.11 100 -

100,000 g supernatant 195 0.25 53 2

35% ammonium sulfate 50 0.55 14 5

Butyl-S FF eluate 28 1.74 8 16

DEAE FF eluate 2 2.17 0.62 20

Superdex 200 eluate 0.28 3.16 0.08 30

a
Specific activity was determined using octanal as an aldehyde substrate

b
Purification is expressed as -fold of specific activity in cell lysate
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Table 2
Kinetic and inhibitor properties of recombinant human ALDH3B1

Substrate Vmax (nmol NADH/min/mg)a Km (μM) Vmax/Km
b

Acetaldehyde 315 ± 8 23300 ± 1500 0.01

Malondialdehyde 3399 ± 377 152000 ± 17110 0.02

Hexanal 679 ± 27 62 ± 8 11.0

Octanal 1239 ± 59 8 ± 2 155.0

4HNE 653 ± 18 52 ± 5 12.6

Benzaldehyde 129 ± 6 46 ± 11 2.8

p-Nitrophenylacetate Cofactorc 1319 ± 80 3600 ± 250 0.4

NAD+ 2987 ± 218 316 ± 54 9.5

NADP+ 5121 ± 740 1041 ± 311 4.9

Inhibitorc Concentration % Uninhibited ALDH3B1 activity P value

None 100 ± 3

Disulfiram 100 μM 100 ± 3 no effect

500 μM 103 ± 1 no effect

Cyanamided 400 μM 106 ± 4 no effect

2000 μM 83 ± 1 *P<0.05

a
Apparent Vmax and Km values were determined by fitting the data to the Michaelis-Menten equation using SigmaPlot.

b
Vmax/Km represents aldehyde (or esterase, in the case of p-nitrophenylacetate) oxidizing capacity (expressed as nmol NADH produced/min per

mg protein per nmol substrate per ml).

c
Cofactor and inhibitor kinetics were determined using octanal as substrate

d
Cyanamide requires metabolic activation; thus, ALDH3B1-infected Sf9 cell lysates as opposed to purified protein were used to determine

cyanamide-mediated enzyme inhibition.

Data represent means ± SEM from triplicate experiments.

Free Radic Biol Med. Author manuscript; available in PMC 2012 September 25.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Marchitti et al. Page 27

Table 3
Relative ALDH3B1 mRNA expression in mouse tissues a

Male Reproductive Brain Digestive Urinary

Testis (1396) Spinal Cord (63) Esophagus (92) Kidney (100)

Vas Deferens (63) Hypothalamus (57) Pancreas (53) Bladder (18)

Epididymus (25) Thalamus (51) Rectum (35)

Seminal Vesicle (17) Midbrain (49) Small Intestine (34) Immune

Frontal Cortex (47) Parotid Gland (28) Spleen (27)

Female Reproductive Whole Brain (46) Liver (24) Thymus (17)

Ovary (215) Cortex (45) Tongue (17)

Uterine Horn (124) Striatum (39) Submandibular Gland (16) Bone

Female Mammary (79) Cerebellum (37) Large Intestine (13) Femur (168)

Fallopian Tubes (63) Hippocampus (31) Stomach (4) Skull (166)

Skin and Adipose Muscle Respiratory Eye

Skin (19) Mandible Muscle (69) Lung (254) Total Eye (47)

Inguinal Fat Pad (46) Abdominal Muscle (64) Trachea (105) Cornea (37)

Skeletal Muscle (54) Lens (10)

Endocrine Diaphragm (47) Blood Lacrimal Gland (7)

Adrenal Gland (180) Heart (34) Peripheral Leukocytes (105)

Thyroid (40)

a
Numbers in parentheses denote percent expression relative to kidney, which was empirically defined as being 100%. Tissues are in descending

order of expression level within physiological systems.
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