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a  b  s  t  r  a  c  t

Methylene  diphenyl  diisocyanate  (MDI),  a low  molecular  weight  chemical  important  for  producing
polyurethane  foam,  coatings,  and  elastomers  is  a major  cause  of  occupational  asthma,  however,  mech-
anisms  of disease  pathogenesis  remain  poorly  understood.  This  study  characterizes  the  rearranged
germline  and  hypervariable  region  cDNA  of  new  anti-MDI  secreting  hybridomas  derived  from  mice
immunized  with  MDI-conjugated  to autologous  serum  proteins.  Six IgG1  secreting  clones  were  identi-
fied  in  initial  screening  ELISAs,  based  on  differential  binding  to MDI  conjugated  human  albumin  vs.  mock
exposed  albumin.  The  mAbs  secreted  by  the  hybridomas  also  recognized  MDI  conjugated  to other  model
proteins  (e.g.  ovalbumin,  transferrin),  but did  not  bind  unconjugated  proteins,  or  protein  conjugates  pre-
lbumin
onoclonal antibody (mAb)

olyurethane

pared with  other  isocyanates  (e.g.  TDI, HDI).  The  mAbs  displayed  MDI-dose  dependent  binding  in ELISA
and Western  blot,  and  exhibited  varying  degrees  of  cross-competition,  suggesting  differences  in epitope
specificity.  The  cDNA  encoding  the monoclonal  antibodies  reveal  clonal  differences  in  the  CDR3  regions,
germline  gene  usage,  and  patterns  of  somatic  hypermutation  related  to epitope  specificity.  Together,  the
data provide  new  insight  into  the  molecular  determinants  of  humoral  MDI  specificity,  and  characterize
anti-MDI  IgG1  mAbs  that may  be  developed  into  useful  diagnostic  reagents.
. Introduction

Methylene diphenyl diisocyanate (MDI) is the most abundantly
roduced and consumed diisocyanate, with applications in the pro-
uction of truck-bed liners and spray foam insulation, among other
ses (Allport et al., 2003). Like other isocyanates, MDI  possesses the
otential to sensitize the immune system, and is a well-recognized
ause of occupational asthma world-wide (Chang and Karol, 1984;
esage et al., 2007; Lofgren et al., 2003).

The mechanisms that mediate MDI  asthma pathogenesis have
een challenging to define, in part due to uncertainty regarding
he antigenic form of the chemical in vivo (Wisnewski et al.,
000, 2004, 2010). Recent studies in mice highlight the poten-

ial for isocyanate skin exposure to induce immune sensitization
nd hyper-responsiveness to subsequent respiratory tract expo-
ure, and identify albumin as an important carrier protein for this

Abbreviations: D, diversity; FITC, fluorescein isothiocyanate; HDI, hexamethy-
ene diisocyanate; J, junction; MDI, methylene diphenyl diisocyanate; TDI, toluene
iisocyanate; V, variable; VH, variable portion of the heavy chain; VL, variable
ortion of the light chain.
∗ Corresponding author at: Yale University School of Medicine, 300 Cedar Street,

AC-S415, P.O. Box 208057, New Haven, CT 06520-8057, United States.
el.: +1 203 737 2544; fax: +1 203 785 3826.

E-mail address: adam.wisnewski@yale.edu (A.V. Wisnewski).
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process (Ban et al., 2006; Tarkowski et al., 2007; Wisnewski et al.,
2011). In humans, albumin is the only carrier protein known to
support antibody recognition of isocyanate (Liu and Wisnewski,
2003; Wass and Belin, 1989; Wisnewski et al., 2004). IgE that binds
isocyanate-albumin conjugates sometimes develops in association
with isocyanate asthma, and exposure is commonly associated with
IgG responses (Aul et al., 1999; Jin and Karol, 1988; Wisnewski et al.,
2010).

In this study, we developed hybridomas that secrete anti-
MDI  IgG1 and analyzed their cDNA, to begin defining rearranged
germline and hypervariable antibody (heavy and light chain) gene
combinations that encode MDI  recognition. The specificities of the
newly developed mAbs are tested in ELISA and Western blots with
MDI-conjugated proteins and unconjugated controls, with a focus
on human albumin, as a clinically relevant carrier protein. The dis-
tinct molecular characteristics of the anti-MDI mAbs are discussed
in relation to their relative binding specificity and future diagnostic
or research use.

2. Materials and methods
2.1. Reagents

Complete and Incomplete Freunds Adjuvant were from
Thermo Fisher Scientific (Rochester, NY). 4,4′-Methylenebis

dx.doi.org/10.1016/j.molimm.2012.11.017
http://www.sciencedirect.com/science/journal/01615890
http://www.elsevier.com/locate/molimm
mailto:adam.wisnewski@yale.edu
dx.doi.org/10.1016/j.molimm.2012.11.017
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MDI-albumin as described above, with the following modifications.
Unlabeled mAb  at 0, 2, or 20 �g/ml was  added to wells for 1 h,
and then biotinylated mAb  AD3 or AH6 was additionally added for
another hour. ELISAs were developed with streptavidin-HRP and %
34 A.V. Wisnewski, J. Liu / Molecu

phenylisocyanate) (MDI), toluene-2,4-diisocyanate (TDI), and 1,6-
examethylene diisocyanate, were from Aldrich (St Louis, MO).
cetone and HCl were from JT Baker (Phillipsburg, NJ) and Balb/C
ouse serum was from Innovative Research (Novi, MI). Human and
ouse albumin, turkey egg ovalbumin, FITC-BSA, human transfer-

in, and 50% (w/v) polyethylene glycol were from Sigma (St. Louis,
O). Dry milk was from American Bioanalytical (Natick, MA).

.2. Vertebrate animals

Female Balb/C mice were obtained from Jackson Laboratories
Barr Harbor, ME). All animal studies were approved by the Yale
nimal Care Committee, and performed according to IACUC rules
nd regulations regarding animal research. Mice were immunized
ntraperitoneally (ip) with 100 �g of mouse serum protein, which
ad been conjugated with MDI  (see below), emulsified in complete
reunds adjuvant. Mice were rested for 3 weeks and then given two
ooster shots (100 �g) ip with incomplete Freunds adjuvant, three
eeks apart, followed by a final intravenous booster (50 �g) in PBS

our days before obtaining splenocytes.

.3. MDI-conjugated proteins

MDI  prediluted in acetone to 10% (w/v), was mixed with serum
diluted 1:5 in PBS) or purified protein solutions (human albumin,
ransferrin and ovalbumin) in PBS (5 mg/ml) to achieve a final MDI
oncentration of 0.1% (w/v) or 4 mM.  Following 2 h reaction at 37 ◦C
ith mixing, samples were microfuged at 8000 × g and 0.2 �M fil-

ered, and dialyzed 4 × vs. PBS. Samples were aliquoted and stored
t −80 ◦C until needed. Control samples of unconjugated proteins
ere similarly mock exposed to acetone without MDI, and identi-

ally processed. In some experiments, human albumin was exposed
o lower doses of MDI  (e.g. 0.01%, and 0.001% w/v) under identical
eaction conditions, to obtain MDI-albumin conjugates with lower
mounts of MDI  per albumin molecule.

.4. Somatic cell hybridization

The spleens of mice immunized with MDI-conjugated serum
roteins were ground between the ends of autoclaved, frosted
lass slides, to obtain a cellular suspension in Hanks Balanced
aline Solution (HBSS) (GibcoBRL; Grand Island, NY). Following
ysis of RBCs with NH4Cl, splenocytes were fused with 2 × 107 SP20
ells (ATTC; Manassas, VA) using 50% (w/v) PEG solution. (Wiest
t al., 1991) Immediately after fusion, cells were rested in com-
lete culture media with IL-6 for 6 h, before seeding into 96-well
lates in media supplemented with HT. Selective media contain-

ng aminopterin was added 24 h later. Following identification of
ositive hybridomas, cultures were expanded and subcloned by

imiting dilution.

.5. ELISA screening for anti-MDI IgG mAbs

Culture supernatant of hybridomas were initially screened by
LISA for murine IgG that bound MDI  conjugated human albu-
in, based on conditions established in prior reports (Wisnewski

t al., 2004, 2010, 2011, 2012; Ye et al., 2006). In later studies,
pecificity was analyzed in ELISAs against mock exposed human
lbumin, ovalbumin, transferrin, MDI-ovalbumin, MDI-transferrin,
nd FITC-BSA (Sigma). Nunc Maxisorp microtiter plates, obtained
hrough Thermo Fisher Scientific, were coated with 100 �l/well of
he antigen, diluted to 10 �g/ml in 0.1 M carbonate buffer (pH 9.5),

y overnight incubation at 4 ◦C. Plates were blocked with 3% (w/v)
ry milk before addition of culture supernatant, neat or diluted in
BS 1:4. Supernatants was  incubated for 1 hour at 25 ◦C, followed
y a 1:2000 dilution of peroxidase conjugated goat anti-murine IgG
munology 54 (2013) 233– 237

Fc-specific from BD Pharmingen (San Diego, CA). ELISAs were devel-
oped for up to 40 min  with TMB  substrate from BD Bioscience (San
Jose, CA); and the final reactions were terminated by addition of
0.1 M HCl from Sigma. Optical density (O.D.) measurements were
obtained on a Benchmark microtiter plate reader from Bio-Rad
(Hercules, CA), using dual wavelength absorbance (450–550 nm).
All experiments were performed three times, sample permitting,
to obtain mean values expressed in figures.

2.6. Electrophoresis

Albumin and MDI-albumin samples were mixed with commer-
cial sample buffers (2X) from Bio-Rad, for reducing, non-reducing,
and native gel electrophoresis. Reducing and non-reducing buffers
contained 62.5 mM Tris (pH 6.8), 40% (v/v) glycerol and 0.01%
(w/v) bromophenol blue. Reducing buffer also contained 5% (v/v)
2-mercaptoethanol. Sodium dodecyl sulfate (SDS) acrylamide gels
(4–15% gradient) were obtained pre-cast from BioRad. Native
gels were prepared using a commercial acrylamide mixture
from American Bioanalytical (Natick, MA), which contained 30.8%
(w/v) acrylamide/bis (37.5:1). Electrophoresis was performed as
previously described, and gels were stained with commercial
Coomassie-based buffer Imperial Protein stain from Pierce (Rock-
ford, IL).

2.7. Western blot

Polyacrylamide gels were transferred to nitrocellulose mem-
brane using a trans-blot system from BioRad. Nitrocellulose
membranes were blocked with 3% (w/v) dry milk in PBS, and probed
with hybridoma culture supernatant. Following incubation with
1:1000 peroxidase-conjugated anti-mouse IgG (Pharmingen; San
Diego, CA), blots were developed with enhanced luminescence
reagent from Thermo Fisher Scientific.

2.8. Isotype analysis

The isotype of the mouse mAbs was  determined using a mAb
Isotyping Kit from Thermo Fisher Scientific.

2.9. Purification and biotinylation of mAbs

Culture supernatant was  precipitated with 40% (w/v) ammo-
nium sulfate, and the pellet was  redissolved in PBS and dialyzed
extensively. The IgG fraction was  purified using Protein G from GE
Healthcare (Pittsburgh, PA), and quantitated using a commercial
Protein assay from Bio-Rad (Hercules, CA), with murine IgG as the
reference standard. Purified mAbs were labeled with biotin, using
no-weigh sulfo-NHS-biotin kit from Pierce/Thermo Fisher Scien-
tific.

2.10. Cross-competition ELISAs

Competitive ELISAs were performed using plates coated with
inhibition of biotinylated mAb  binding was calculated based on OD
values. Biotinylated mAbs were used at concentrations within the
linear range of detection, based on preliminary ELISAs. All samples
were tested in triplicate.
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Fig. 1. New murine monoclonal antibodies specific binding to MDI-conjugated
proteins. ELISA data demonstrate the binding (O.D. value on Y-axis) of different
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Fig. 2. Anti-MDI mAbs recognize MDI-albumin by Western blot. Panel (A) differ-
ent  mAbs were Western blotted from a native gel (protein stain lanes 1 and 2)
against MDI-albumin (odd numbered lanes) or unconjugated albumin (even num-
bered lanes). Lanes 1, 2 (CE2), lanes 3, 4 (AD3), lanes 5, 6 (DD10), lanes 7, 8 (AH6).
*Note all 6 mAbs displayed similar (triple banding) binding patterns. Arrows high-
light MDI-albumin monomer, and cross-linked dimers and trimers. Panel (B) left
side  shows protein stain of SDS-PAGE, and right side shows Western blot under
reducing conditions with mAb  BC8. Lanes 1, 5- unconjugated albumin’ lanes 2,6-
MDI-albumin prepared with 0.001% (w/v) MDI; lanes 3, 7- MDI-albumin prepared
Abs (X-axis) to unconjugated control mock exposed proteins, MDI, HDI, TDI or
ITC  conjugated proteins, as labeled. Alb = albumin, Tf = transferrin, Ova = ovalbumin,
SA  = mouse albumin.

.11. Amplification and sequencing of mAb genes

Hybridoma mRNA was purified using oligotex direct mRNA
ini columns from Qiagen, and used as the template for

witch mechanism activated reverse transcriptase from Invitro-
en, in order to generate DNA capped on the 5′ end, with
equence complementary to a universal primer. The cDNA
as used in touchdown PCR with primers specific for murine

gG1 (5′- CTCAATTTTCTTGTCCACCTTGGTGC-3′), or kappa con-
tant regions (5′- CTCATTCCTGTTGAAGCTCTTGAC-3′, to amplify
he heavy and light chain variable regions, via a 5′-RACE like
eaction. PCR products were gel purified using SNAP columns,
nd directly sequenced using sequencing primers specific for
he 5′ end of IgG1 (5′- GTTAGTTTGGGCAGCAGA-3′) or kappa
onstant region (5′-GACTGAGGCACCTCCAGA-3′). Sequencing was
erformed by the Yale Keck Center, and alignment with germline
enes was performed using on-line software from IMGT. The
ollowing mAb  heavy and light chain sequences have been
ubmitted to GeneBank under the following accession num-
ers: AD3VH (JX982622), AD3VL (JX982623), AH6VH (JX982624),
H6VL (JX982625), BC8VH (JX982633), BC8VL (JX982632), CE2VH

JX982626), CE2VL (JX982627), DA5 VH (JX982628), DA5VL
JX982629), DD10VH (JX982630), DD10VL (JX982631).

. Results

.1. Identification of hybridomas secreting anti-MDI IgG mAbs

ELISA screening of supernatants from hybridoma cultures iden-
ified six clones that secrete IgG which bound to MDI conjugated
roteins (human albumin and transferrin, mouse albumin, and
urkey egg ovalbumin), but did not bind other isocyanate (HDI or
DI) conjugated proteins, or mock exposed (unconjugated) proteins
Fig. 1). Little or no cross-reactivity was observed with the closely
elated chemical (fluorescein) isothiocyanate. Anti-MDI secreting
ybridomas were subcloned by limiting dilution, and determined
o produce IgG1/kappa mAbs.

.2. Western blot analysis and MDI-dose dependent binding of
Abs

Western blot studies were performed to further evaluate the

ew mAbs specificity, including their ability to recognize MDI-
rotein conjugates denatured by SDS and reducing agent. As shown
Fig. 2A), the different anti-MDI mAbs recognize MDI-albumin, but
ot unconjugated albumin, in Western blots. The observed triple
with 0.01% (w/v) MDI; lanes 4, 8- MDI-albumin prepared with 0.1% (w/v) MDI. *Note
all  6 mAbs displayed similar (MDI dose-dependent) binding patterns.

banding pattern is consistent with previous studies demonstrating
monomeric, dimerized and trimeric reaction products of MDI-
albumin resulting from in vitro conjugation (Aul et al., 1999; Jin and
Karol, 1988), and the mAbs ability to recognize MDI  in all three reac-
tion products. In other Western blots, the MDI-dose dependence
of mAb  binding was evaluated. MDI-albumin conjugates prepared
with different starting amounts of MDI  (ranging from 0.001% to 0.1%
w/v) exhibited mAb  binding levels proportional to MDI  conjugation
per albumin molecule (Fig. 2B and not shown).

3.3. Cross-competition studies

To begin evaluating the epitope specificity of the mAbs, relative
to one another, competitive binding studies were performed. The
ability of increasing concentrations of unlabeled mAb, to inhibit
the binding of another biotinylated mAb  (to MDI-albumin), was
determined by ELISA. As shown in Fig. 3, mAbs BC8 and CE2 appear
to possess epitope specificities distinct from mAbs AD3 and AH6,
as concentrations up to 20 �g/ml of the respective unlabeled mAbs
cause only minimal inhibition of the respective biotinylated mAb
AD3 or AH6. In contrast, unlabeled mAbs AH6 and AD3 compete
similarly with the labeled mAbs suggesting these different mAbs
recognize either similar or overlapping epitopes.

3.4. Molecular analysis of new anti-MDI IgG1 mAbs

The variable regions of the heavy and light chain genes, which
′
encode the new anti-MDI mAbs, were amplified using a 5 -RACE

like approach as described in Section 2. Comparison of the amplified
DNA sequences with the Mus musculus genome identified the most
likely germline genes from which the antibodies were derived, as
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ig. 3. Cross-competition of different mAbs binding to MDI. Competitive inhibitio
ncreasing concentrations of unlabeled mAbs as labeled in legend. *Note: BC8 and C

ell as the sequence of the rearranged hypervariable regions (see
able 1).

Overall, the mAb  heavy chain genes exhibited diversity in CDR3
ength and amino acids, and changes in V-region sequence (com-
ared with their most likely germline genes) indicative of affinity
aturation. The mAb  BC8 possesses perhaps the most distinctive
H CDR3, 10 amino acids in length, with an unusual stretch of four

hreonines in a row, while mAb  CE2 exhibits the most unique com-
ination of germline V, D and J-region genes. The remaining four
Abs each possessed longer CDR3s (13 or 14 amino acids) and used

eavy chain V-regions from family V5, according to IMGT num-
ering (Lefranc, 2003), the largest murine VH family, also known
s the VH7183 family (Brodeur and Riblet, 1984). The mAb  CE2s
eavy chain uses germline gene V6-6*01, a member of the VH fam-

ly previously named J606, whose members contain a binding site
or protein A, distinct from the Fc region, an important characteris-
ic that influences purification (Brodeur and Riblet, 1984; Ibrahim
t al., 1993; Seppala et al., 1990). The mAb  BC8s heavy chain appears
o be derived from V3-2*02, which belongs to the VH 36-60 family,
nown to encode serologically-defined idiotypes elicited by other
ow molecular weight chemicals, particularly p-azophenylarsonate
Brodeur and Riblet, 1984; Juszczak et al., 1984; Near et al., 1984).

The genes for the mAb’s light chains possessed more limited
iversity in their CDR3-regions and relatively fewer nucleotide
hanges vs. V and J-region germline genes, compared with the
eavy chains. All six of the mAbs contained 9 amino acids in their
DR3, with Q, P and T at positions 2, 7, 9. Three of the mAbs, which
ossessed nearly identical VH CDR3s, also possessed nearly identi-

al VL CDR3s, and contained V and J-regions with little or no change
ompared to the germline configuration.

The molecular characteristics of the new anti-MDI mAbs are
onsistent with competitive binding studies suggesting differences

able 1
olecular characteristics of anti-MDI IgG1/kappa mAbs.

Heavy chain CDR3 #AA IN CDR3 VH% IDENTI

AD3 AREGRTFHFALDY 13 V5-9-2*01 

AH6  AREGRSFHFAVDY 13 V5-9-2*01 

DD10 TREGRSFHFAVDY 13 V5-9-2*01 

BC8  TRGTTTTWPY 10 V3-2*02 

CE2  RSFSPYSFEF 10 V6-6*01 

DA5  TRHPYYRYEGPFAY 14 V5-6-2*01 

Light chain CDR3 #AA IN CDR3 VL 

AD3 WQGPHFPQT 9 V1-
AH6  WQGTHFPQT 9 V1-
DD10 WQGTHFPQT 9 V1-
BC8  QQWSSNPPT 9 V4-
CE2 QQWSSYPRT 9 V4-
DA5  LQYLSYPLT 9 V9-
iotinylated mAb  AD3 (panel A) or mAb  AH6 (panel B) binding to MDI-albumin by
ta are overlapping in panel A.

in epitope specificity. The mAbs BC8 and CE2, which fail to effec-
tively compete with mAbs AD3 or AH6, for binding to MDI-albumin,
possesses distinct VH and VL CDR3 and germline gene sequences. In
contrast, mAbs AH6 and AD3, with overlapping epitope specificity
based on cross-competition studies, express nearly the same VH
and VL CDR3 and were apparently derived from the same, or highly
related germline genes. Together, the data identify combinations of
specific germline genes and hypervariable region sequences that
encode for immune recognition of the occupational allergen, MDI.

4. Discussion

This study is the first to develop IgG monoclonal antibodies
that recognize the low-molecular weight chemical MDI,  a crucial
starting material for making polyurethane, and well-recognized
cause of occupational asthma world-wide. Hybridomas secret-
ing the anti-MDI mAbs were derived from mice immunized with
self (serum)-proteins, which had been conjugated with MDI ex
vivo. Molecular characterization of the hybridomas’ rearranged
cDNA identified clonally distinct antibody heavy and light chain
combinations that encode MDI  recognition. Competitive binding
studies identified differences in mAb’s epitope specificity, which
were associated with amino acid sequence of the CDR3 region and
germline gene usage. Together, the data provide insight into molec-
ular determinants of MDI  (humoral) immune specificity, and define
the DNA sequences for murine mAbs, with potential use as future
diagnostic/research reagents.

The 6 new anti-MDI mAbs are each unique, however, several

possess identical or nearly identical amino acid sequences in the
CDR3 region of their heavy and/or light chains, suggesting their
selective expansion in response to MDI. All of the light chain CDR3s
are 9 amino acids in length, and contain Q, P and T at CDR3 positions

TY J-region % Identity D-region

97.22 J4*01 90.74 D1-1*02
97.22 J4*01 90.74 D5-7*01
97.22 J4*01 92.59 D5-7*01
98.91 J3*01 85.42 D1-2*01
97.62 J2*01 93.75 D2-5*01
96.18 J3*01 91.67 D2-14*01

% Identity J-region % Identity

135*01 97.62 J1*01 100.00
135*01 98.64 J1*01 100.00
135*01 99.66 J1*01 100.00
59*01 99.66 J5*01 97.14
72*01 98.91 J1*01 100.00
124*01 98.57 J5*01 94.74
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, 7, 9. In contrast, the heavy chains have CDR3s more variable in
ength (10–14 amino acids) and codon usage, and exhibit molecular
vidence of having undergone an affinity maturation process, based
n amino acid changes compared with germline CDR1/CDR2 and J-
egions. The heavy chain CDR3s for three of the mAbs are highly
omologous, and were likely derived from identical germline VH
nd J-regions, and either identical or highly similar D-region genes.
owever, the heavy chains of the other 3 anti-MDI mAbs are rela-

ively unique, with distinct CDR3 amino acid sequences, V, D, and J
egion usage.

One of the six new anti-MDI mAbs, BC8 possesses perhaps
he most interesting molecular properties, including 4 consecutive
hreonines in the heavy chain CDR3, and usage of germline V3-2*02
by IMGT numbering). The V3-2*02 gene is also known as VH 36-
0, and has been well studied, as it encodes a serologically-defined

diotype associated with exposure to certain low molecular weight
hemical haptens, especially p-azophenylarsonate (Juszczak et al.,
984; Near et al., 1984; Pincus, 1988). The human VH genes most
omologous to murine VH36-60 belonging to the small VH4 gene

amily (Pincus, 1988), frequently associated with auto antibodies
Stevenson et al., 1995), which may  be relevant to isocyanate expo-
ure, given that the self protein albumin is the major carrier protein
or isocyanate in vivo, and the reported increase of anti-keratin
ntibodies in isocyanate asthma patients (Choi et al., 2004).

The anti-MDI IgG1 mAbs described here may  form the basis of
ssays for future diagnostic or research purposes; for example, to
uantitate MDI  levels in blood or urine, or to standardize MDI  anti-
ens for serology. The mAbs might be used to identify MDI  in vitro
n tissue culture, or in vivo in animal models of exposure. The mAb
enes could be molecularly modified to further investigate the role
f different CDR3 amino acids, germline V-region, and constant
egion isotypes on MDI  specificity and effector activity. The present
olecular data elucidating the cDNA sequence of the newly gen-

rated anti-MDI mAbs, will facilitate their future development as
iagnostic and/or basic research reagents.

In summary, hybridomas secreting IgG1 mAbs that recognize
he occupational allergen, MDI, were developed and molecularly
nalyzed to identify critical determinants of chemical recognition
y the immune system. The data provide important information
oward development of new immunology-based approaches to
xposure surveillance, harnessing the specificity and sensitivity of
Abs to detect and quantitate MDI  present in human tissue or

nvironmental samples.
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