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ABSTRACT: To improve assessment of cellular immune responses in seals, northern elephant seal
(Mirounga angustirostris) interleukin 2 (IL-2) has been characterized. The gene was cloned and

sequenced from a 658 base pair (bp) cDNA generated from total RNA by reverse transcription-
polymerase chain reaction (RT-PCR). The sequence encoded a 154 amino acid (aa) polypeptide
that included a 20 aa putative signal peptide. Seal IL-2 was found to share considerable identity
with published sequences. Nucleotide sequence analysis of phocine (seal) IL-2 with canine, feline,
human, trichechine (manatee), bovine and murine sequences demonstrated 93, 92, 86, 82, 78

and 71% identity, respectively. Analysis of the derived amino acid sequences demonstrated 88,
89, 78, 71, 66 and 60% identity, respectively. Interleukin-2 sequence identities appear to reflect
evolutionary proximity among the analyzed species, and importantly, those residues identified as
critical to IL-2 biological activity and receptor binding are largely conserved. To examine the
kinetics of IL-2 mRNA expression, northern elephant seal lymphocytes were stimulated with the
mitogen concanavalin A (Con A), and RNA was collected at several time points thereafter. The
RT-PCR demonstrated that seal IL-2 mRNA expression peaks in the first 8 hr following Con A

stimulation. Lastly, genomic DNA from northern elephant seal, harbour seal (Phoca vitulina) and
California sea lion (Zalophus californianus) was used as template to identify and clone genomic
IL-2. Partial sequence of the genomic clones demonstrated nearly complete identity among the
three species. Sequence identity indicates that probes constructed from the northern elephant

seal IL-2 gene will be effective in assessing IL-2 in other pinniped species.

Key words: Cellular immune response, interleukin 2, Mirounga angustirostris, northern ele-
phant seal, nucleotide sequence analysis, phocids, reverse transcription-polymerase chain reac-

tion, cross-species reactivity, cytokine mRNA expression.

INTRODUCTION

The field of marine mammal immunol-

ogy has expanded in recent years due in

part to widespread interest generated by

epidemic events that caused mass mortal-

ities in local or regional marine mammal

populations. The most dramatic recent

event occurred in northern Europe where

in 1988-89 over 17,000 harbour seal

deaths (Phoca vitulina) were attributed to

distemper-like symptoms (Osterhaus et al.,

1988). Several other distemper-like out-

breaks were reported, including one that

claimed thousands of Baikal seals (Phoca

sibirica), from a population endemic to

Lake Baikal in Siberia (Grachev et al.,

1989), and one that claimed hundreds of

striped dolphins (Stenella coeruleoalba) in

the Mediterranean (Van Bressem et al.,

1991). The causative agents in these events

were identified as viral, but there was con-

siderable debate on why such a large num-

ber of animals succumbed to disease. The

epidemics exposed how poorly immune

responses in marine mammals are under-

stood and have provided impetus for the

expansion of basic knowledge in marine

mammal immunology.

Immunological assays have been adapt-

ed from human or laboratory animal sys-

tems for marine mammals (De Swart et

al., 1993; King et al., 1993; Ross et al.,

1993; DiMolfetto-Landon et al., 1995; Er-

ickson et al., 1995), and reagents have

been developed specifically for marine

mammal species (Romano et al., 1992;

Cashman et al., 1996; King et al., 1996).

Since species differences can result in al-

tered biological activity, the development

of species-specific reagents often is critical
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to success. To facilitate the ability to eval-

uate lymphocyte responses in northern el-

ephant seals (Mirounga angustirostris),

species-specific interleukin 2 (IL-2) has

been cloned, sequenced, and partially

characterized.

Interleukin 2 is an inducible cytokine

produced by activated T cells in response

to antigenic or mitogenic stimulation. It

was originally termed T cell growth factor

and is an autocrine growth factor that is

produced and secreted in association with

production surface expression of the IL-2

receptor (IL-2R) (Tanignchi and Minami,

1993). Interleukin 2 binding to IL-2R on

the T cell surface initiates a signal cascade

that results in cell maturation and prolif-

eration. The expanded population of acti-

vated T cells can then mount an immune

response against pathogens by facilitating

an antibody response, by stimulating other

cytotoxic immune cells, or by actively kill-

ing infected cells. We chose to character-

ize IL-2 because it is critical to immune

responses against intracellular pathogens

and because it is known to be partially spe-

cies restricted (English et al., 1985; Fen-

wick et al., 1988). Multiple sequence align-

ment of published IL-2 sequences indicat-

ed that IL-2 is well conserved among

widely divergent species. Other work in

our laboratories suggested that conserved

regions would be useful in isolating north-

ern elephant seal IL-2 (Hash et al., 1994).

Once cloned and sequenced, northern el-

ephant seal IL-2 could be used as a probe

to assess IL-2 production by lymphocytes.

It also was deemed likely that a northern

elephant seal probe would be applicable to

related species. Northern elephant seals

are members of the suborder Pinnipedia

which includes 19 seal species in the fam-

ily Phocidae, nine fur seal and sea lion spe-

cies in the family Otariidae, and one wal-

rus species in the family Odobenidae

(Reeves et al., 1992). Herein we report the

sequence, kinetics of mRNA expression,

and cross-species reactivity for northern

elephant seal IL-2.

MATERIALS AND METHODS

Whole blood was collected from a northern

elephant seal pup at The Marine Mammal
Center (TMMC, Sausalito, California, USA)
into heparin vacutainer tubes and shipped

overnight to our laboratories at Texas A&M
University (College Station, Texas, USA). Pe-
ripheral blood mononuclear cells (PBMC) were
isolated by density gradient centrifugation over

Ficoll-hypaque 1077 (Sigma Chemical Com-

pany, St. Louis, Missouri, USA). Specifically;

vacutainer tubes were centrifuged at 850 X g

for 15 mm at 10 C. The buffy coats were col-
lected into sterile polypropylene tubes, diluted

with an equal volume of Alsever’s solution and
overlaid on one volume Ficoll-hy’paque 1077

(Goddeeris et al., 1986). Following gradient

centrifugation at 850 X g for 45 mm at 18 C
and PBMC collection, PBMC were washed in
Alsever’s solution at 500 X g for 15 mm at 10

C and subsequently at 250 X g for 10 mm at
10 C. The PBMC were cultured in RPMI 1640

(Gibco BRL, Grand Island, New York, USA)

supplemented with 10% heat-inactivated fetal

calf serum (HIFCS, Hyclone Laboratories, Lo-
gan, Utah, USA), 50 mM 2-mercaptoethanol
(Sigma Chemical Company), 2 mM L-gluta-

mine (Gibco BRL), and 50 p�g/ml gentamicin

(Gibco BRL), hereafter referred to as complete

RPMI (cRPMI), with 2 p.g/ml concanavalin A
(Con A, Sigma Chemical Company) in 24-well
plates at 2 X 106 cells/well for 3 days at 37 C

in a humidified atmosphere of 5% CO2 in air.

Cells were then harvested, washed, and resti-

mulated with 1 p.g/ml Con A for 8 hr. At 8 hr,

they were harvested for total RNA extraction

in RNAzol B according to the manufacturer’s

instructions (Biotecz Inc., Houston, Texas,

USA).

Elephant seal IL-2 was cloned and se-
quenced essentially as described (Hash et al.,

1994). Primers to screen for northern elephant

seal IL-2 were selected from consensus regions
identified with MacVector DNA analysis soft-
ware (IBI, New Haven, Connecticut, USA)

from human, murine, bovine, porcine, and fe-
line IL-2 sequences. Within consensus regions,

the feline sequence (GenBank Sequence Da-

tabase accession no. L19402, National Center

for Biotechnology Medicine, Bethesda, Mary-
land, USA; Cozzi et al., 1993) was found to dif-

fer slightly from other species. Given the evo-

lutionary proximity of felids and phocids within

the order Carnivora, feline-specific primers
were selected and synthesized (Gene Technol-

ogies Laboratory, Texas A&M University; Col-
lege Station, Texas, USA). First strand cDNA
synthesis was performed on 0.5 �sg total RNA

in a Perkin Elmer Cetus thermal cycler (Perkin
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Elmer Corporation, Branchburg, New Jersey,

USA) using MuLV reverse transcnptase and 50
pmol of the feline IL-2 reverse primer, 5’-

GCACTTCCTCCAGAGGTTTG (nucleotides

{ntj 290-309). The reaction mix was incubated

at 42 C for 15 mm, followed by 99 C for 5 mm,
and 5 C for 5 mm. Fifty pmol of the feline IL-
2 forward primer, 5’-CTCACAGTAACCT-

CAACTCC (nt 12-31), was added, and the re-
action mix was adjusted for PCR conditions, in-

cluding the addition of Amplitaq DNA poly-
merase (Perkin Elmer Corporation). The
reaction mix was initially heated to 94 C for 2

mm, then amplified for 35 cycles under the fol-
lowing conditions: 95 C 1 mm; 40 C 1 mm, 72

C 2 mm, with a 5 sec autoextension. AS’ prim-

er internal to the original (i.e., a nested primer)
was used to obtain a partial cDNA for elephant

seal IL-2. The nested reaction was conducted
using the feline IL-2 forward primer 5’-CAG-

TAACCTCAACTCCTGCC (nt 16-35) (Gene
Technologies Laboratory) and the original re-
verse primer. The reaction yielded a discrete

PCR product that approximated the expected
293 bp size and was cloned into pCRII using

the TA Cloning Kit as specified by the manu-
facturer (Invitrogen Corporation, San Diego,

California, USA). Independent clones were se-
quenced by the chain termination method, us-

ing the Sequenase 7-deaza-dGTP Sequencing
Kit, as specified by the manufacturer (USB,

Cleveland, Ohio, USA). Elephant seal-specific
primers were selected from the resulting se-

quence and were used in an RT-PCR reaction

to synthesize a 452 bp cDNA that included the
missing portion of the gene. The second frag-

ment was cloned and sequenced as described
above. To control for errors introduced during
PCR DNA synthesis, several clones were gen-

erated for each fragment and were sequenced
along both strands using appropriate overlap-
ping primers. The two IL-2 cDNA fragments
had an overlap region of 86 bp. A complete

cDNA for the IL-2 gene was generated by con-
ducting PCR on plasmid DNA from the two
fragments using the outermost forward and re-
verse primers. Northern elephant seal IL-2 se-

quence (GenBank accession no. U79187) was
analyzed against GenBank sequences using Ge-
netics Computing Group (GCG) software (Wis-
consin Sequence Analysis Package, Madison,

Wisconsin, USA).
For the kinetics experiment, 30 ml of whole

blood was collected in acid citrate dextrose
(ACD) vacutainer tubes from a northern ele-
phant seal pup at the Marine Mammal Care

Center in Fort MacArthur (San Pedro, Califor-
nia, USA). The PBMC, isolated as described

above in the Sea World of California Animal

Care Laboratory, were cryopreserved in

HIFCS (Hyclone Laboratories) containing 10%
dimethylsulfoxide (DMSO). Cells were frozen

at a rate of 1 C per mm to -80 C then stored
in the liquid nitrogen vapor phase. Cryopre-

served cells were thawed in a 37 C water bath

and diluted in cRPMI to a final volume of 10
ml. Cells were washed and plated in 24-well
plates at 2 X 106 cells per well with 2 p.g/ml

Con A. At 4, 8, 12, 16, 20, and 24 hr post-

stimulation, total RNA was harvested in TRIzo1
Reagent (Gibco BRL) and isolated according to
the manufacturer’s instructions. RNA integrity
was verified by size fractionation on a 1% aga-

rose gel stained with ethidium bromide (Rod-

riguez et al., 1996).
The kinetics of IL-2 mRNA expression were

evaluated by the method of semi-quantitative
RT-PCR, essentially as described by Chitko-
McKown et al. (1995). First strand cDNA syn-
thesis was performed with total RNA using oh-
go d(T) under the following conditions: 25 C
10 mm, 42 C 15 mm, 99 C 5 mm in a Perkin

Elmer 2400 thermal cycler. Elephant seal IL-2
mRNA was detected by PCR using species-

specific forward primer 5’-GCATCGCAC-
TATCTC1’TGTAC (nt 49-69) (Gibco BRL)

and reverse primer 5’-CAAGTCAGTGTTGA-

GAAGATGC (nt 466-487) (Gibco BRL) on
cDNA generated from 0.25 p.g of total RNA.
Reaction mixtures were incubated at 94 C for
30 sec, followed by an 80 C incubation for 2

mm and 30 sec during which Amplitaq DNA

polymerase was added. Reactions were then
amplified under the following conditions: 95 C
15 sec, 68 C 30 sec, 72 C 1 mm, with a 2 sec

auto extension. The number of cycles used to
amplify IL-2 was optimized by conducting PCR
reactions at 25, 30, 35, 40, and 45 cycles and
subjecting the products to electrophoretic den-
sitometry analysis by the IS 1000 Digital Imag-
ing System (Alpha Innotech Corporation, San

Leandro, California, USA). Thirty five cycles
were determined optimal for amplification of
IL-2. Actin was amplified from each cDNA
sample to control for disparity in the actual

amount of RNA present during the RT reac-
tion. Elephant seal actin mRNA was detected

by PCR using bovine 13-actin-specific primers
(Gibco BRL) on cDNA from 0.125 p.g of total
RNA_template. Forward 13-actin primer, 5’-

CCTVII’ACAACGAGCTGCGTGTG (nt 38-
60), and reverse primer, 5’-ACGTAGCAGA-

GCTTCTCCTTGATG (nt 405-428), were
used to produce a 391 bp product. The PCR

conditions were as described above apart from
the use of 60 C annealing temperature. Actin

PCR reactions were conducted at 15, 20, 25,
30, and 35 cycles, and 25 cycles were deter-

mined to be optimal by densitometry analysis.
The PCR products from the Con A stimulation
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-23 caqtaacctc aactcctgcc aca�tgca aaatgcaact cttgtcttgc atcgcactat

MC K N Q L L S C I A L S

38 ctcttgtact tgtcgcaaac agtgcaccta ctacttcgtc tacgaaggaa acacagcaac

L VL VA N S APT T S S T XE T Q Q Q
98 agttggagca attgctgctg gatttacggt tgctcttgaa tggagttaat aattatgagg

LEQ LLL DLRL LLN GVN NYE D

158 accctaaact ctccaggatg ctcacattta aattctacac gcccaagaag gccacagaat

PKL S RM LTFX FIT PXK ATEL

218 tgacacatct tcaatgtcta gcagaagaac tcaaacctct ggaggaagtg ctatatttag

TEL QCL AEEL KPL EEV LILA

278 ctcaaagcaa aaactttcac ttgacagaca tcaaggaatt aatgagcaat atcaatgtaa
QS K NFH LTD I KEL MS N I NVT

338 cacttctgaa actaaaggga tctgaaacaa gattcaaatg tgaatatgat gacgagacag

LLK LKG SE TR FKC KID DE TA

398 caaccattac agaatttctg aacaaatgga ttactttttg tcaaagcatc ttctcaacac

TI T K FL NKW I TFC QS I FS TL

458 tgacttgata attgacttga taattgtctc ctatttaaaa tataccaggc tatttattga

T*

518 aatatttaaa attcatattt attttttgac atatggtttg ctaccttttg taattatatt 577

578 cttatacttc atatgataaa tatggatctt ttaagattct ttttgtaagc cctaggcgtg 637

638 ctaaaaactcac

FIGURE 1. The cl)NA nucleotide sejuence from northern elephant seal lL-2 and deduce(l anlino acid

sequence. Outermost fonvard and reverse primers used in PCR reactions to generate the complete IL-2

cDNA are underlined. The initiator methionine codon is double underlined, and the pmmtati�’e 20 aa signal

peptide is shown in italics.

time course were electrophoresed on a 1% aga-
rose gel stained with ethidium bromide. Den-
sitometry analysis of the products was con-

ducted to semi-quantitate the kinetics of IL-2
mRNA expression. The results were standard-
ized against densitometric analysis of �3-actin
products. Controls included a positive plasmid

control, a negative no-template control, and
negative no-RT controls.

To evaluate cross-species reactivity, whole

blood collected from elephant seal, harbour seal,
and California sea lion (Zalophus cal�fornianus)

pups by TM MC was used as a source of genomic

DNA. After centrifuging vacutainer tubes at 900
X g at 18 C for 15 mi buffy coats were col-

lected and lysed with an equal volume of TE

buffer, pH 7.5 (10 mM Tris, 1 mM EDTA) con-
taining 1% sodium dodecyl sulfate (SDS) at 37 C
for 30 ruin. The suspension was treated with SO
�ig/ml RNase A at room temperature for 1 hr,
followed by SO �ig/ml proteinase K at 50 C for 2
hr. Genomic DNA was extracted with an equal
volume of buffer-saturated phenol:chloroform,

then chloroform alone and was purified by dial-
ysis. Samples were concentrated using Centri-
prep-lO concentrator tubes as specified by the

manufacturer (Amicon, Beverly, Massachusetts,

USA). The PCR was conducted using elephant
seal-specific primers, forward primer S’-GCA-
TCGCACTATCTCITGTAC (nt 49-69) and re-
verse primer, 5’-CTGTAATGGTFGCTGTCTC

GTC (nt 411-432), with 100 ng genomic DNA
as template. The reactions, using Elongase en-
zyme mix according to the manufacturer’s in-

structions (Gibco BRL), were amplified for 30
cycles at 95 C 30 sec. 52 C 30 sec. and 68 C for

4 mm in a Perkin Elmer 2400 thermal cycler. The
PCR products were found to approximate the 3.8

kB expected size. They were ligated into pCRII

and cloned as described above. To prepare DNA

for automated sequencing on an ABI Prism 373

Genetic Analyzer (Perkmn Elmer Corporation),

DNA synthesis was conducted on plasmid DNA
with elephant seal-specific IL-2 primers and the

PRISM Ready Reaction DyeDeoxy Terminator

Cycle Sequencing Kit, as specified by the man-
ufacturer (Perkin Elmer Corporation). Genomic
IL-2 was sequenced in both directions over a 350

bp region. The region overlapped an exon-intron
junction, and the exon sequence, comprising 90
bp was analyzed using GCG software.

RESULTS

The PCR primers selected from con-

served regions of the feline IL-2 sequence

(GenBank accession no. L19402; Cozzi et

al., 1993) were applied in RT-PCR reac-

tions to northern elephant seal RNA tem-

plate and produced a 293 bp fragment and

a 452 bp fragment for elephant seal IL-2.

The two fragments had a region of overlap

spanning 86 bp and together defined a 658

bp cDNA of the IL-2 gene (Fig. 1). The

sequence had an open reading frame for a

precursor polypeptide of 154 amino acids,
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FIGURE 2. CCC multiple sequence alignment of the de(hlced amino acid sequence for phocine IL-2

against canine (GenBank accession no. 1)30710; i)unham et al., 1995), feline (L19402; Cozzi et al., 1993),

human (X01586; l)evos et al., 1983). h)ovmne (NI 13204, Ni 17428: Reeves et al., 1986), trichechine (U09420;

(ashmnan et al., 1996), and murine (K02797; Kashima et �tl., 1985). Conserved amiuiO aci(ls are blocked in a

black background. non-conserved amino acids are displayed in white. The consensus sequence is displayed

along the bottom of the alignment.
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starting with an initiator methionine codon

at nt 1 and ending with a TGA termination

codon (nt 462-464). Based on comparison

with published IL-2 sequences (Devos et

al., 1983; Reeves et al., 1986; Goodall et

al., 1991; Dunham et al., 1995), a putative

20 ammo acid (aa) signal peptide precedes

the 134 aa mature peptide.

The elephant seal nucleotide sequence

demonstrated extensive identity with pub-

lished sequences for canine (Dunham et

al., 1995), feline (Cozzi et al., 1993), hu-

man (Devos et al., 1983), trichechine

(Cashman et al., 1996), bovine (Reeves et

al., 1986) and murine IL-2 (Kashima et al.,

1985). Identity was highest with canids

and fehids (93 and 92%, respectively) and

dropped off somewhat in the other com-

parisons 86, 82, 78 and 71%, respectively.

Further, identity among the predicted

amino acid sequences was consistent with

a high degree of conservation in the IL-2

gene (Fig. 2). Again, canine and feline

demonstrated the closest relationship with

elephant seal (88 and 89%, respectively),

and reduced identity was observed with

other comparisons (78, 71, 66 and 60%,

respectively).

To improve efficiency in assaying for IL-

2 mRNA expression, we investigated the

kinetics of expression from Con A-stimu-

lated seal lymphocytes. Elephant seal IL-

2 and bovine 13-actin primers were used to

conduct RT-PCR reactions on total RNA

collected from PBMC at 4, 8, 12, 16, 20,

and 24 hr post-stimulation. Control reac-

tions performed in the absence of RT did

not contain PCR products (data not

shown). RT-PCR products were visualized

on agarose gels (Fig. 3) and subjected to

densitometry analysis (Fig. 4). IL-2 den-

sitometry measurements were then stan-

dardized against analogous actin densito-

metry measurements (Degen et al., 1983).

The results demonstrate that elephant seal

IL-2 mRNA was detectable at all time
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bp

600-

100 -

FIGURE 3. Semi-quantitative RT-PCR for IL-2

mRNA expression showing PCR products electro-

phoresed on a 1% agarose gel. Lanes 1, 8, 15, and

18 contain a 100 bp ladder (Gibco BRL); lanes 2-7

illustrate IL-2 cDNA at 4, 8, 12, 16, 20, and 24 hr

after Con A stimulation; lanes 9-14 illustrate �-actin

at the same time points; lane 16 contains a plasmid

positive control; lane 17 contains a no template uleg-

ative control.

points but peaked in the first 8 hr follow-

ing mitogen activation and declined there-

after.

To validate the assumption that probes

derived from northern elephant seal IL-2

sequence would be suitable for use with

other pmnniped species, we conducted a

limited analysis of IL-2 in another phocid

species, harbour seal, and in an otariid,

California sea lion. Genomic DNA from

harbour seal, California sea lion and north-

ern elephant seal was isolated, subjected

to PCR for IL-2, cloned and sequenced.

The sequenced exon region corresponded

to elephant seal cDNA nt 48-146. As ex-

pected, IL-2 in harbour seal and in Cali-

fornia sea lion closely matched that of el-

ephant seal. Multiple sequence analysis of

the nucleotide sequences revealed only

two coding differences in this region (Fig.

5). While these data cannot be assumed to

be representative of homology between

the species, the near identity indicates that

a probe chosen from the conserved se-

quence in this region would be able to

identify IL-2 in these species and likely in

all other members of the families Phocidae

and Otariidae.

DISCUSSION

Elephant seal IL-2 was identified as a

154 aa polypeptide containing a 20 aa pu-

tative signal peptide. Comparison with

other IL-2 sequences indicated that there

was a high degree of conservation among

widely divergent species. The greatest sim-

ilarities were observed among phocine, ca-

nine, and feline IL-2, which is consistent

with their evolutionary proximity as mem-

bers of the order Carnivora.

Human and murine IL-2 have been ex-

haustively studied to identify those resi-

dues that are most critical to biological ac-

tivity. It is known that the native protein

has three cysteine residues at positions -

58, -105, and -125 in the human homo-

logne. The first two form an intramolecu-

lar disulfide bridge, while C-125 is a free

sulfhydryl group (Robb et al., 1984). Site-

specific mutations and deletions of these

residues have shown that loss or inappro-

priate formation of the intramolecular di-

sulfide bridge leads to loss of biological ac-

tivity (Wang et al., 1984). Although loss of

the third cysteine compromised biologic

activity, non-conservative substitutions did

not, suggesting that the third cysteine is

only important in maintaining the struc-

tural requirements of that region (Liang et

al., 1988). Not surprisingly, all three of

these cysteine residues were conserved in

elephant seal IL-2. Glycosylation sites

have also been noted in IL-2 sequences.

For example, the bovine IL-2 sequence

has a potential N-glycosylation site (Asn-

X-Ser/Thr) at Asn-70 (Cerretti et al.,

1986). This site also is present in other ru-

minants (i.e. deer, GenBank accession no.

U14682, goat X76063, sheep X55641;

Seow et al., 1990) but is absent from non-

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 18 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



harbour_seal 102
ca_sea_lion 102

elephant_seal 99

Consensus 102

FIGuRE 5. GC(; multiple sequence alignment of nucleotide sequence from genomic IL-2 of elephant

seal, harbour seal, and California sea lion. Conserved residues are blocked in black; non-conserved are tin-

blocked.
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ruminant species, including seal. In seal

IL-2, a potential N-glycosylation site was

noted at Asn-111; this site is conserved in

other carnivores (i.e., cat, dog D30710;

Dunham et al., 1995) and in the pig

(X56750; Goodall et al., 1991).

Human IL-2 is composed of four helices

and one sheet (Mott et al., 1992). It binds

its homologue receptor which is composed

of three interacting subunits a, [3, �y (Minami

et al., 1993). The high affinity IL-2R that

elicits a full biological response is an a[3�’y

heterotrimer. Lesser affinity binding can oc-

cur between IL-2 and a[3 and [3’yheterodi-

mers and with a or [3 subunits singly. In the

mouse, 21 residues have been identified as

structurally critical; 19 have been implicated

in binding to IL-2Ra, three residues for [3

and one for �y (Zurawski et al.,1993). When

these residues are compared with analog

seal residues, a high degree of conservation

is observed (Table 1). Nineteen of the 23

residues presumably involved in binding IL-

2R subunits are conserved. Three of the dif-

ferences occur at a-binding residues, N47 ‘-*

D�, D75 -� E61 and V1’3#{176}-> T1 16� The

fourth occurs at one of three identified [3-

binding residues, N00 -� E�5. Seventeen of

21 residues involved in structural integrity

are conserved. Three of the four substitu-

tions maintain the hydrophobic nature of

the site. The last substitution, F’� -� Y’#{176}8

substitutes a hydrophilic residue for a hy-

drophobic one but maintains the phenyl

side chain. Where conservation between the

complete seal and mouse IL-2 genes is rel-

atively low (60%, see Fig. 2), conservation

50
50
47

50

100
100
97

100

among the purported critical residues is

82% which is consistent with the importance

of these residues to biological activity.

Sequence analysis of genomic IL-2 from

harbour seal, California sea lion and north-

ern elephant seal suggested that elephant

seal sequence can be used to assess IL-2 in

other phocids and in otariids. There are sev-

eral means by which cellular immune re-

sponses in pinnipeds may be assessed. Sev-

eral studies have measured the proliferative

responses of seal lymphocytes to mitogen or

antigen (DeSwart et al., 1993; Ross et al.,

1993). DiMolfetto-Landon et al. (1993) re-

ported the development of an IL-2R assay.

The addition of an IL-2 mRNA assay pro-

vides another analysis parameter that is

unique but complementary to the existing

tests. The next step would be to subclone

northern elephant seal IL-2 into an expres-

sion system. Recombinant northern ele-

phant seal IL-2 would be expected to sig-

nificantly enhance research efforts with seal

T lymphocytes by providing a homologous

growth factor for in vitro cell culture. Cy-

tokine reagents are critical to characterizing

T lymphocyte responses to specific antigens

which is the first step towards defining and

manipulating pathogen-specific protective

immunity in exotic animal species.
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TABLE 1. Comparison of significant residues from the

mature peptide of mouse (in) IL-2 against seal (s) IL-2.

oiIL_2* sIL-2 Function

N� N3��

N47 DAI ad

K49 K31 a

R52 R35 a

M53 NI:39 a

L54 L4�1 a

F56 F42 a

K57 K43 a

FIS F44 a

Y�9 Y4� a

D75 E6’ ad

E76 E62 a

a

\� a

L56 L72 a

Q� Q74 a

D124 D”#{176} a

T’25 T”4 a

T116 ad

D34 D2��

N99 E�1

N’t13 �S9

Q141 Q’27 -yg

L25 L’4 HC

L� L2’ H

L35 L24 H

M42 V28 Hd

pt31 p47 H

A� A��1 H

L71’ L56 H

L73 L�9 H

L77 L63 H

L5#{176} L66 H

L7�� Fl

1b01 M87 Hd
J104 190 H

\7l08 L94 H�1

L111 L97 I-I

F122 ylOS H�1

F132 F� H

L133 L�9 H
u,�r136 �%T122 H

C72 C� C1
C’2#{176} C’#{176}6 C

‘From Zurawski et ml. (1993).

ci indicates residues associated with binding to IL-2R a sub-

unit.

H indicates a hydrophobic residue presumed to be of struc-

tural importance.

(1 Indicates a non-conserved residue.

13indicates residues associated with bindmg to IL-2R� sub-

unit.

� C indicates a cvsteioe residue that takes part in the foroia-

tion of a disulficle bridge.

g � indicates the residue associated with binding to IL-2Ry

subunit.

Francis, D. French, K. Logan, C. Chitko-
McKown, C. Robertson, B. Ruef, and R. Stich

for excellent advice and technical support.

Blood samples used in this study were collected

under National Marine Fisheries Service

(NMFS) permit 955 and NMFS Letter of Au-
thorization to The Marine Mammal Center.
This research was supported by Texas A&M

University grant 51 1 1 15 and Environmental

Protection Agency contract 4G1O78NAEX.

LITERATURE CITED

CASHMAN, M. E., T. L. NESS, W B. ROESS, W G.

BRADLEY, AND J. E. REYNOLDS, III. 1996. Iso-

lation and characterization of a cDNA encoding

interleukin 2 from the Florida manatee, Triclie-

c/ins tnanatus latirostns. Marine Mammal Sci-

ence 12: 1-13.

CERRErITI, D. P., K. MCKEREGI-IAN, A. LARSEN, M.

A. CANTRELL, I). ANDERSON, S. GIWS, D. Cos-

MAN, AND P. E. BAKER. 1986. Cloning, se-

quence, and expression of bovine interleukin 2.

Proceedings of the National Academy of Science

83: 3223-.3227.

CHITKO-MCKOWN, C. C., B. J. RUEF, A. C. RICE-

FICHT, AND W C. BRowN. 1995. Interleukin-lO

downregulates proliferation and expression of in-

terleukin-2 receptor pSS chain and interferon-y,

but not interleukin-2 or interleukin-4, by para-

site-specific helper T cell clones obtained from

cattle chronically infected with Bahe.sia bovi.s or

Fasciola hepatica. Journal of Interferon and Cv-

tokine Research 15: 915-922.

CozzI, P. J., P. A. PADRID, J. TAKEDA, M. ALEGRE,

N. yUHKI, AND A. R. LEFF. 1993. Sequence and

functional characterization of feline interleukin

2. Biochemical and Biophysical Research Coin-

munications 194: 1038-1043.

DEGEN, J. L., M. G. NEUBAUER, S. J. FRIEZNER DE-

GEN, C. E. SEYFRIED, AND D. R. MoRRIS. 1983.

Regulation of protein synthesis in mitogen-acti-

vated bovine lymphocytes. Analysis of actin-spe-

cific and total niRNA accumulation and utiliza-

tion. Journal of Biological Chemistry 258: 12153-

12162.

DESWART, R. L., R. M. G. KLUTEN, C. J. HUIzING,

L. J. VEDDER, P. J. H. REIJNDERS, I. K. C. VIs-

SER, F. G. C. M. UYTDEHAAG, AND A. D. M. E.

OSTERHAUS. 1993. Mitogen and antigen in-

duced B and T cell responses of peripheral blood

mononuclear cells front the harbour seal (Phoca

vitulina). Veterinary Immunology and Irnmuno-

pathology 37: 2 17-230.

DEVOS, R., (;. PLAETINCK, H. CHEROUTRE, G. SI-

MONS, W DEGRAVE, J. TAVERNIER, E. REMAUT,

AND W FIERS. 1983. Molecular cloning of hu-

man interleukin 2 cDNA and its expression in E.

coli. Nucleic Acids Research 11: 4307-4323.

DIMOLFETTO-LANDON, L., K. L. ERICKSON, M.

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 18 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



SHODA ET AL-STUDIES ON PHOCINE INTERLEUKIN 2 89

BLANCHARD-CHANNELL, S. J. JEFFRIES, J. T.

HARVEY, D. A. JESSUP, D. A. FERRICK, AND J.
L. STorr. 1995. Blastogenesis and interleukin-2

receptor expression assays in the harbor seal

(Plioca vitulina). Journal of ‘sVildlife Diseases 31:

150-158.

DUNHAM, S. P., 1). J. ARGYLE, AND D. E. ONIONS.

1995. The isolation and sequence of canine in-

terleukin-2. DNA Sequence 5: 177-180.

ENGLISH, L. S., H. LATrA, AND M. WHITEHURST.

1985. Initial characterization of sheep T-cell

growth factor and its species-restricted activity

on human, rat, and mouse cells. Cellular Im-

munology 90: 314-321.

ERICKSoN, K. L., L. DIMOLFETTO-LANDON, R. S.

WELLS, T. REIDAR50N, J. L. STorr, AND D. A.

FERRICK. 1995. Development of an interleukin-

2 receptor expression assay and its use in evalu-

ation of cellular immune responses in the bottle-

nose dolphin, Tursiops truncatus. Journal of

Wildlife Diseases 31: 142-149.

FENWICK, B. W, C. E. SCHORE, AND B. I. OSBURN.

1988. Human recombinant interleukin-21�5 in-

duced in vitro proliferation of equine, caprine,

ovine, canine, and feline peripheral blood lym-

phocytes. Comparative Immunology, Microbiol-

ogy and Infectious Diseases 11: 51-60.

GODDEERIS, B. M., C. L. BALDWIN, 0. OLE-MOIYOI,

AND W. I. MoRRISoN. 1986. Improved methods
for purification and depletion of monocytes from

bovine peripheral blood mononuclear cells.

Functional evaluation of monocytes in response

to lectins. Journal of Immunological Methods 89:

165-173.

G000ALL, J. C., D. C. EMERY, M. BAILEY, L. S. EN-

GLISH, AND L. HALL. 1991. cDNA cloning of
porcine interleukin 2 by polymerase chain reac-

tion. Biochimica Biophysica Acta 1089: 257-258.
GRACHEV, M. A., V. P. KUMAREV, L. V MAMAE\’, V

L. ZORIN, L. V. BARANOVA. N. N. DENIKINA, S.

I. BELIKOV, E. A. PETROV, V S. KOLESNIK, R. S.

K0LESNIK, V. M. DOROFEEV, A. M. BEIM, V N.
KUDELIN, F. G. NAGIEVA, AND V N. SIDOROV.

1989. Distemper virus in Baikal seals. Nature

338: 209.

HASH, S. M., W. C. BROWN, AND A. C. RICE-FICUT.

1994. Characterization of a cDNA encoding bo-

vine interleukin 10: Kinetics of expression in bo-

vine lymphocytes. Gene 139: 257-261.

KASHIMA, N., C. NISHI-TAKAOKA, T. FUJITA, S. TAKI,

C. YAMADA, J. HAMURO, AND T TANIGUCHI.

1985. Unique stnscture of murine interleukin-2

as deduced from cloned cDNAs. Nature 313:

402-404.

KING, D. P., I. RoBINSoN, A. W. M. HAY, AND S. W.

EvANs. 1993. Identification and partial charac-

tenzation of common seal (Phoca vitulina) and

grey seal (Haliochoerus grypus) interleukin-6-

like activities. Developmental and Comparative

Immunology 17: 449-458.

, M. D. SCHRENZEL, M. L. MCKNIGHT, T. H.

REIDARSON, K. D. HANNI, J. L. STorr, AND D.

A. FERRICK. 1996. Molecular cloning and se-

quencing of interleukin 6 cl)NA fragments from

the harbor seal (Phoca vitulina), killer whale (Or-

cinus orca), and southern sea otter (Enlzydra lu-

tris nereis). Immunogenetics 43: 190-195.

LIANG, S. M., N. LEE, K. C. ZooN, J. F. MANI-

SCHEWITZ, A. CH0LLET, C. M. LIANG, AND C.
V QUINNAN. 1988. Biological characterization of

human interleukin-2 mutant proteins. Structure-

activity relationship studies. Journal of Biological

Chemistry 263: 4768-4772.

MINAMI, Y., T KoNo, T. MIYAzAKI, AND T. TANIGU-

CHI. 1993. The IL-2 receptor complex: Its struc-

hire, function, and target genes. Annual Reviews

of Immunology 11: 245-267.

Morr, H. R., P. C. DRISCOLL, J. BOYD, R. M.

COOKE, M. P. WEIR, AND I. D. CAMPBELL. 1992.

Secondary structure of human interleukin 2 from

3D heteronuclear NMR experiments. Biochem-

istry 31: 774 1-7744.

OSTERHAUS, A. D. M. E., J.GROEN, P. DE \TRIES, F.

C. C. M. UYTDEHAAG, B. KLINGEBORN, AND R.

ZARNKE. 1988. Canine distemper virus in seals.

Nature 335: 403-404.

REEVES, R., A. G. SPIES, M. S. NISSEN, C. D. BUCK,

A. D. WEINBERG, P. J. BARR, N. S. MAGNUSON,

AND J. A. MAGNUSON. 1986. Molecular cloning

of a functional bovine interleukin 2 eDNA. Pro-

ceedings of the National Academy of Sciences

83: 3228-3232.

REEVES, R. R., B. S. STEWART, AND S. LEATHER-

WOOD. 1992. The Sierra Club handbook of seals

and sirenians. Sierra Club Books, San Francisco,

California, 359 pp.

ROBB, R. J., R. M. KUTNY, M. PANICO, H. R. MOR-

RIS, AND V CH0SvDHRY. 1984. Amino acid se-

quence and post-translational modification of hum-

man interleukin 2. Proceedings of the National

Academy of Sciences 81: 6486-6490.
RODRIGUEZ, S. D., C. H. PALMER, T. F. MCELWAIN,

T C. MCGUIRE, B. J. RUEF, C. (;. CHITKO-

MCK0WN, AND W. C. BROWN. 1996. CD4� T-

helper lymphocyte responses against Bahesia hi-

geinina rhoptrv-associated protein 1. Infection

and Immunity 64: 2079-2087.

ROMANO, T. A., S. H. RIDGWAY, AND V QUARANTA.

1992. MHC class II molecules and immunoglob-

ulins on peripheral blood lymphocytes of the hot-

tlenosed dolphin, Tursiops truncatus. The Jour-
nal of Experimental Zoology 263: 96-104.

Ross, P. 5., B. POHAJDAK, W. 1). BOWEN, AND R. F.

ADDISON. 1993. Immune function in free-rang-

ing harbor seal (Phoca vitulina) mothers and

their pups during lactation. Journal of Wildlife

Diseases 29: 2 1-29.

SEOW, H. F., J. S. ROTHEL, A. J. RADFORD, AND P.

R. WooD. 1990. The molecular cloning of ovine

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 18 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



90 JOURNAL OF WILDLIFE DISEASES, VOL. 34, NO. 1, JANUARY 1998

interleukin 2 gene by the polvmerase chain re-

action. Nucleic Acids Research 18: 7175.

TANIGUCHI. T., ANI) Y. MINAMI. 1993. The IL-2/IL-

2 receptor system: A ctirrent overview. Cell 73:
5-8.

VAN BRESSEM, M. F., I. K. C. VISSER, M. W (;. V�N

DE BILDT, J. S. TEPPEMA, J. A. RAGA, AND A.

D. M. E. OSTERHAUS. 1991. Morbillivirus infec-

tion Mediterranean striped dolphins (Stenella

coeruleoaiba). Veterinary Record 129: 471-472.

WANG, A., S. D. Lu, AND D. F. MARK. 1984. Site-

specific mutagenesis of the human interleukin-2

gene: Structure-function analysis of the cvsteine

residues. Science 224: 1431-1433.

ZURAWSKI, S. NI., F. VEGA, JR.. E. L. l)0YLE, B. Hu\-

GUE, K. FLAIIERTY, I). B. MCKAY, AND C. Zu-
RAWSKI. 1993. l)efinition and spatial location of

mouse interleukin-2 residues that interact with

its heterotrimeric receptor. EMBO Journal 12:

51 13-5119.

Received fi)r publication 12 December 1996.

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 18 Apr 2024
Terms of Use: https://bioone.org/terms-of-use




