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ABSTRACT We have synthesized two sets of 15-base-long
oligodeoxyribonucleotides corresponding to all possible coding se-
quences for a small portion of human fl2-microglobulin. Labeled
oligonucleotides were used as hybridization probes to screen bac-
terial clones containing cDNA sequences primed with oligo(dT)
and inserted into the plasmid vector pBR322. One A-microglob-
ulin cDNA clone was detected in the 535 bacterial plasmid clones
that were screened. The clone has been characterized by blotting
and nucleotide sequence analysis. The cloned P2-microglobulin
sequence contains 217 base pairs of the 3' untranslated region of
the mRNA and 328 base pairs (97%) of the coding region.

The hybridization properties ofoligodeoxyribonucleotides have
been characterized by a number of techniques (1-4). Under
appropriate conditions, oligonucleotides hybridize to specific
sites in DNA (4, 5). Furthermore, perfectly base paired oligo-
nucleotide duplexes can be discriminated from duplexes con-
taining a single mismatched base pair (4-6). We have taken
advantage ofthe hybridization properties ofoligonucleotides in
developing a method for the isolation of specific cloned DNA
sequences (5). Our general approach is to chemically synthesize
a mixture of oligonucleotides that represent all possible codon
combinations for a small portion of the amino acid sequence of
a given protein. Within this mixture must be one sequence com-
plementary to the DNA coding for that part ofthe protein. This
complementary oligonucleotide will form a perfectly base
paired duplex with the DNA from the coding region for the
protein, whereas the other oligonucleotides in the mixture will
form mismatched duplexes. Under stringent hybridization con-
ditions only the perfectly matched duplex will form, allowing
the use of the mixture of oligonucleotides as a specific hybrid-
ization probe. Mixed sequence oligonucleotide probes should
allow isolation of cloned DNA sequences for any protein for
which the amino acid sequence is known.
We have applied this method to the isolation ofcloned cDNA

sequences for human A2-microglobulin (Am). Am is a small
protein (molecular weight 11,800) that was isolated from urine
(7). Subsequently, A3~m was found associated with cell surfice
antigens of the major histocompatibility locus (8, 9). The exact
function of A2m is unclear, although recent evidence suggests
that the molecule may stabilize the tertiary structure of asso-
ciated proteins (10). The amino acid sequence has been deter-
mined for f2m from four species, including human (11). We
have used the amino acid sequence to design probes for the
isolation of a cloned cDNA for human 2m.

MATERIALS AND METHODS
General Methods. Plasmid DNA was isolated by a cleared

lysate procedure (12) and purified by chromatography on Bio-

Table 1. Oligonucleotide probes for the isolation of 2m
95 96 97 98 99

Amino acid sequence Trp Asp Arg Asp Met

Possible codons 5' UGG GAC} AGG GACJ AUG 3'
CGN

Probe PmI 3' ACC CTG TCT CTG TAC 5'
Probe P2mll 3' ACC CTG GCN CTG TAC 5'

75 76 77 78
Amino acid sequence Lys Asp Glu Tyr
Possible codons 5' AAM GAC GAM UAg 3'
Probe jAmM 3' TTc CTG CTC AT 5'

N = A, C, G, or T (U).

Gel A-50m (Bio-Rad) followed by ethidium bromide/CsCl equi-
librium sedimentation. Restriction enzymes were purchased
from Bethesda Research Laboratories (Rockville, MD). Restric-
tion enzyme reactions were performed at 37C in 60mM NaCi!
10 mM Tris-HCI (pH 7.6)/7 mM MgCl2/6mM 2-mercaptoeth-
anol. Agarose and polyacrylamide gels (acrylamide to methy-
lenebisacrylamide ratio, 20:1) were run in Tris/borate electro-
phoresis buffer (13). Electroelution of DNA fragments from
polyacrylamide gels has been described (14). Transfer ofDNA
fragments from agarose (SeaKem; Marine Colloids, Rockland,
ME) gels to nitrocellulose was by the standard Southern pro-
cedure (15). Prehybridization and hybridization conditions have
been described (5). Recombinant DNA was handled in accord-
ance with National Institutes of Health Guidelines.

Simultaneous Synthesis of Oligodeoxyribonucleotides of
Mixed Sequence. The oligonucleotide mixtures shown in Table
1 were synthesized by the strategy described previously (5).
Probes (2mI and ,B2mII were synthesized by the triester
method in solution (16). ,B2mIII was synthesized by a solid-
phase method (17). All oligonucleotides were purified by high-
performance liquid chromatography on an ion-exchange (Du
Pont Permaphase AAX) column (5).

Labeling ofOligonucleotides. Oligonucleotides were labeled
at the 5' end by transfer of 32p from [y-32P]ATP, using bacte-
riophage T4 polynucleotide kinase (New England Nuclear) as
described (4). [Y_32P]ATP was synthesized by the method of
Walseth and Johnson (18).

Synthesis of Double-Stranded cDNA. The source of RNA
used to prepare cDNA was a human lymphoblastoid cell line,
Raji [obtained from S. Ohno (19)]. Cytoplasmic RNA was iso-
lated and fractionated on an oligo(dT)-cellulose (Collaborative
Research, Waltham, MA) column as described (20). Double-
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stranded cDNA was synthesized by using successive reactions
with oligo(dT) (P-L Biochemicals) plus reverse transcriptase
(RNA-dependent DNA polymerase; a gift from J. Beard), Esch-
erichia coli DNA polymerase I Klenow fragment A (Boehringer
Mannheim), and S1 nuclease (Sigma) as described by Goeddel
et aL (21). The 3' termini of the double-stranded cDNA were
extended with dC residues by using terminal deoxynucleoti-
dyltransferase (Bethesda Research Laboratories) as described
(22).

Isolation ofcDNA Clones. The C-tailed cDNA was subjected
to electrophoresis on a 5% polyacrylamide gel. The fragments
500-800 base pairs in length were recovered by electroelution.
Fifteen nanograms of size-selected cDNA was annealed with
100 ng of pBR322 that had been cleaved with restriction en-
donuclease Pst I and tailed with dG residues (23). The mixture
was heated to 65TC for 3 min and then allowed to gradually cool
from 43TC to 22TC over the course of 20 hr. The annealed mix-
ture was used to transform E. coli strain MC1061 (24) by the
Kushner procedure (25).

Screening of cDNA Clones. After transformation, recombi-
nant clones were selected on L agar plates containing 25 ug of
tetracycline per ml (23). Individual clones were picked and put
on fresh tetracycline plates in an ordered array in duplicate. The
bacterial clones were allowed to grow overnight, transferred to
Whatman 541 filter paper, amplified with chloramphenicol, and
prepared for hybridization as described by Gergen et aL (26).
The filters were prehybridized, hybridized, and washed as de-
scribed in our previous paper (5).

Nucleotide Sequence Determination. Restriction endonu-
clease fragments of cloned cDNA were labeled at their 5' ends
by the sequential action of bacterial alkaline phosphatase (P-L

.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~..: r
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Biochemicals) and polynucleotide kinase plus [y-32P]ATP (27).
EcoRI-digested and Sau3A-digested DNA was labeled at the
3' end by repair labeling ofthe termini: after restriction enzyme
digestion, 2 ,uM [a-32P]dATP (New England Nuclear), poly-
merase I Klenow fragment A at 2 units/ml, and, in the case of
Sau3A-digested DNA, 400 ,&M dGTP (P-L Biochemicals), were
added and the reaction mixture was incubated 5 min at 20°C.
Pst I-digested DNA was labeled at the 3' termini with 32P-la-
beled 3'-dATP and terminal transferase as described in the kit
supplied by New England Nuclear.

RESULTS
Strategy for Designing 12m-Specific Oligodeoxyribonucleo-

tide Probes. Our general approach for the isolation of cloned
DNA sequences specific for (32m involved synthesis of a set of
oligodeoxyribonucleotides complementary to all the possible
coding sequences for a small portion ofthe protein. In designing
the probe sequences, we chose two regions of the protein for
which there are relatively few potential coding sequences. The
two regions of amino acid sequence we used in designing the
f32m-specific probes are shown in Table 1. Amino acid residues
95-99 of .82m can be coded for by 24 possible sequences in the
mRNA. We synthesized two sets of pentadecanucleotides cor-
responding to this region; (32mI is a mixture of8 sequences and
,B2mII is a mixture of 16 sequences. Amino acid residues 75-78
of 82m were used to design another probe, ,B2mIII, which is
a set of 8 undecanucleotides. Each of the three sets of probes
was synthesized as a mixture of sequences (5).

Isolation of a Bacterial Clone Containing .82m cDNA Se-
quences. Using poly(A)-containing cytoplasmic RNA from a
human lymphoblastoid cell line, we prepared double-stranded

.- *S
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FIG. 1. Hybridization of oligonu-
cleotide probe (82mH1 to colonies trans-
formed with G-tailed plasmid plus C-
tailed cDNA. Bacterial cDNA clones
were isolated and screened. 32P-La-
beled 62mII probe was hybridized to
the filters at 41°C overnightandwashed
with 0.9 M NaCI/0.09 M sodium ci-

trate at 410C.
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cDNA 500-800 base pairs in length (20) and inserted it into the
Pst I site of the plasmid vector pBR322 by the standard GC
tailing method (22). The recombinant DNA was used to trans-
form E. coli strain MC1061. From the transformants, 535 tet-
racycline-resistant clones were obtained and placed on fresh
plates in an ordered array. The bacterial clones were transferred
to Whatman 541 filter paper, amplified with chloramphenicol,
and prepared for hybridization as described by Gergen et aL
(26). The filters were hybridized with 32P-labeled oligonucleo-
tide probes and washed as described in Materials and Methods.
An autoradiogram of one of the five filters hybridized with the
,82mI probe is shown in Fig. 1. The amount of labeled probe
hybridized to one of the clones is clearly greater than that hy-
bridized to any ofthe other clones. Using the ,82mI and ,82mIII
probes to screen the same collection of clones, we could not
distinguish specific hybridization to any clone (data not shown).

Characterization of the Cloned cDNA forAm by Southern
Blot Analysis. Plasmid DNA was prepared from the presump-
tive bacterial clone for ,32m cDNA observed in Fig. 1. The 2m
plasmid DNA was cleaved with restriction endonucleases
HindII + HindIII or Sau3A. Fig. 2A shows the results of a
Southern blot analysis ofHindII + HindIII-cut DNA. Both the
,f2mII and f2mIII probes hybridize specifically with the small-
est HindII + HindIII fragment (lanes A2 and A3). The hybrid-
ization of f32mII to the largest HindII + HindIII fragment ob-
served in lane A2 represents background hybridization and is
not detectable with shorter exposure times. Fig. 2B shows the
results of blot analysis of Sau3A-digested 82m plasmid DNA.
The f2mIll probe hybridizes to a restriction fragment 620 base
pairs in length (lane B3). There is no detectable hybridization
of the 82ml1 probe to any of the major DNA bands (lane B2)
even though this autoradiogram was exposed for the same
amount of time as that in lane A2 showing hybridization of
,82mII to HindII + HindIII-digested DNA. The absence of
hybridization of B2mII to Sau3A-digested plasmid DNA is due
to the presence of a Sau3A recognition site within the probe
hybridization site. By cleaving the insert DNA with Sau3A at
a position in the center ofthe region to which ,82mIl hybridizes,
hybridization of the probe is eliminated. There is a faint band
of hybridization observed in lane B2. This represents hybrid-
ization of the probe to a partial digestion product in which the
Sau3A site within the probe hybridization site is not cleaved.
This partial digestion product is not detectable in the photog-
raphy of the stained gel. Fig 2C is a map of restriction endo-
nuclease sites showing the sites of hybridization of ,82mII and
,82mII probes.

Nucleotide Sequence Analysis ofthe Cloned cDNA forAm.
The nucleotide sequence of the (2m plasmid DNA was deter-
mined by using the base-specific cleavage reactions of Maxam
and Gilbert (27). The nucleotide sequence of the cloned (32m
cDNA is shown in Fig. 3. The cloned cDNA contains most of
the coding region for the protein, including part of the coding
region for the leader peptide, and a large portion of the 3' un-
translated region.
The amino acid sequence for P2m predicted from the nu-

cleotide sequence differs from the published amino acid se-
quence (11) at two positions: (i) position 42 is asparagine and not
aspartic acid, and (ii) the serine at position 67 of the published
amino acid sequence is not present in the sequence deduced
from the cloned cDNA. While these differences may reflect
polymorphism in human f32m, the latter difference in the amino
acid sequence would require the insertion of three nucleotides
(serine codon) in the gene. Accordingly, the amino acid se-
quence for human .32m determined in the present study estab-
lishes the length of the mature protein as 99 residues, the same
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FIG. 2. Southern blot analysis of the cloned cDNA for Am. The
plasmid DNA containing the Am cDNA sequences was digested with
restriction enzymes Hindll + Hindl or Sau3A in A and B, respec-
tively. The DNA fiagments were subjected to electrophoresis on a 2%
agarose gel, visualized by staining with ethidium bromide, and trans-
ferred to nitrocellulose filter paper by the standard Southern blotting
technique (18). Duplicate blots were hybridized with 32P-labeled p2mll
at 410C or 32P-labeled (32mM at 140C. The blots were washed at 37TC
and 20TC, respectively. InbothA andB, lane 1 is a photograph ofa lane
from the stained gel, lane 2 is an autoradiogram of the blot hybrid-
ization with 32P-labeled 32mll, and lane 3 is an autoradiogram of the
blot hybridization with 2P-labeled 82m . The sizes (in base pairs)
of the restriction fragments derived solely from the vector pBR322 are
indicated. (C) Restriction maps of the region of the plasmid containing
the inserted Am sequences. The thick line indicates sequences from
the plasmid vector pBR322 and the thin line indicates (2m sequences.
The sites of hybridization of the two probes are indicated. H, Hindll
site; P, Pst I site; and S, Sau3A site.

length as P2m from the three other species for which the se-
quence has been determined (28, 29).
The sequence of the leader peptide for human 82m deter-

mined from the nucleotide sequence differs from the previous-
ly published sequence for mouse fl2m (30) at several positions:
(i) position -2 is glutamic acid in the human sequence and not
tyrosine as in the mouse sequence; (ii) position -8 is leucine,
not valine; and (iii) position -10 is alanine, not valine. Only the
first of these changes represents a nonconservative amino acid
substitution.
The sequence of the 3' untranslated region ofP2m cDNA is,

in general, A+T-rich (65% APT base pairs). The sequence A-A-
T-A-A-A, which is common to many polyadenylylated mRNAs
(31), is not observed in the sequence. The absence of this se-
quence may indicate that a portion ofthe 3' untranslated region
is not present in the clone.

DISCUSSION
Our results demonstrate the usefulness of mixtures of chemi-
cally synthesized oligodeoxyribonucleotides as hybridization

i
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-11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Leu Ala Leu Leu Ser Leu Ser Gly Leu Glu Ala Ile GIn Arg Thr Pro Lys Ile GIn Val Tyr Ser Arg His Pro Ala Glu

5'-CTC GCG CTA CTC TCT CTT TCT GGC CTT GAG GCT ATC CAG CGT ACT CCA MG ATT CAG GTT TAC TCA CGT CAT CCA GCA GAG

17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
Asn Gly Lys Ser Asn Phe Leu Asn Cys Tyr Val Ser Gly Phe His Pro Ser Asp Ile GI u Val Asp Leu Leu Lys Asn Gly
MT GGA MG TCA MT TTC CTG MT TGC TAT GTG TCT GGG TTT CAT CCA TCC GAC ATT GAA GTT GAC TTA CTG MG MT GGA

44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70
Glu Arg Ile GI u Lys Val GI u His Ser Asp Leu Ser Phe Ser Lys Asp Trp Ser Phe Tyr Leu Leu Tyr Tyr Thr GI u Phe
GAG AGA ATT GAA AAA GTG GAG CAT TCA GAC TTG TCT TTC AGC MG GAC TGG TCT TTC TAT CTC TTG TAT TAT ACT GAA TTC

71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97
Thr Pro Thr GIu Lys Asp GIu Tyr Ala Cys Arg Val Asn His Val Thr Leu Ser Gin Pro Lys Ile Val Lys Trp Asp Arg
ACC CCC ACT GAA AAA GAT GAG TAT GCC TGC CGT GTG MC CAC GTG ACT TTG TCA CAG CCC MG ATA GTT MG TGG GAT CGA

98 99
Asp Met Stop 10 20 30 40 50 60 70 80 90
GAC ATG TM GCAGCATCAT GGAGGTTGA AGATGCCGCA TTTGGATTGG ATGAATTCM MTTCTGCTT GCTTGCTTTT TMTATTGAT ATGCTTATAC

100 110 120 130 140 150 160 170 180 190
ACTTACACTT TATGCACAM ATGTAGGGTT ATMTMTGT TMCATGGAC ATGATCTTCT TTATMTTCT ACTTTGAGTG CTGTCTCCAT GTTTGATGTA

200 210
TCTGAGCAGG TTGCTCCACA GGTAGCT-3'

FIG. 3. Nucleotide sequence of the cloned cDNA for human 2m. The nucleotide sequence of the noncoding strand of the cloned cDNA is shown.
Above the nucleotide sequence is the amino acid sequence of the protein, with the amino acids of the leader peptide indicated by negative numbers.

probes for the isolation of specific cloned DNA sequences. Our
previous results with model systems (4, 5) indicated that the
screening procedure should be highly specific. The results with
,82m show that this is indeed the case: (i)The only clone detected
with the (32m probes was the correct one. (ii) the f82mI probe,
a mixture of eight 15-base-long oligonucleotides, did not hy-
bridize specifically with the f32m clone in the colony screening
experiment. One of the sequences within the ,B2mI mixture
differs from the corresponding sequence in the cloned (2m
cDNA at only a single nucleotide (G in place of T). This result
indicated that under stringent hybridization criteria the oligo-
nucleotide probes do not hybridize with closely related se-
quences containing a single base substitution.
The screening method described in-this study is very rapid.

The most tedious step in screening for the ,32m clone was the
picking of individual bacterial clones and placing them in an
ordered array. This step has been eliminated in subsequent
experiments in which large numbers of unordered colonies
were successfully screened for mouse H-2Kb antigen cDNA
clones (unpublished data).

Apparently contradictory results were obtained with the
/32mIII probe, a mixture ofeight 11-base-long oligonucleotides.
One of the sequences in this mixture is perfectly complemen-
tary to the cloned cDNA. In the Southern blot analysis, specific
hybridization ofthe /2mIII probe to the cloned ,82m cDNA was
observed (Fig. 2); however, in the colony screening experiment,
no specific hybridization of /2mIII to the f32m clone was ob-
served. This discrepancy in the results of the blot and colony
screening experiments may reflect differences in the hybrid-
ization properties of oligonucleotides to nitrocellulose filters
(used in the blot) versus cellulose filters (used in the colony
screening) or may reflect a lower background hybridization of
oligonucleotides to purified DNA (in the blot) versus DNA in

lysed colonies (in the colony screening). In our subsequent ex-
periments isolating cloned sequences for other proteins, oh-
gonucleotide probes longer than 11 bases have been used for
colony screening.

In previous studies, chemically synthesized oligodeoxyri-
bonucleotides have been employed in the isolation of specific
cloned sequences in basically two ways: oligonucleotides have
been used directly as hybridization probes or used as primers
for the synthesis ofradiolabeled cDNA that is used as the probe.
Montgomery et aL (32) demonstrated the usefulness ofsynthetic
oligonucleotides as hybridization probes in the isolation of the
cloned yeast iso-l-cytochrome c gene. In this special case, an
oligonucleotide probe of unique sequence could be predicted
by comparison of the amino acid sequences of cytochrome c
from several species. Subsequently, Goeddel et aL (33) have
screened purified plasmid DNAs enriched for human leukocyte
interferon sequences by using labeled oligonucleotides as hy-
bridization probes. Several groups have isolated specific cloned
sequences by using synthetic oligonucleotides as primers for the
synthesis ofcDNA probes (21, 34, 35).
We believe the method using oligonucleotides as hybridiza-

tion probes is superior to the method employing oligonucleo-
tides as primers in the synthesis ofcDNA probes for two main
reasons. First, greater specificity can be obtained by using the
hybridization approach than by using the priming approach.
Under appropriate conditions, a mismatched base pair does not
allow formation ofoligonucleotide-polynucleotides duplexes (4,
5), whereas base mismatches can be tolerated in the priming
method (21, 35, 36). Second, with the priming approach, the
amount ofprobe obtained is dependent on the amount ofmRNA
available for template. In isolating cloned sequences for very
low abundance mRNAs, use of the primer approach would en-
tail the isolation oflarge amounts ofmRNA to produce sufficient
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cDNA probe for screening. In addition, it may be increasingly
more difficult to produce a specific cDNA probe as the abun-
dance of a mRNA decreases.

In summary, we believe the screening technique described
in this report may be applied to the isolation of cloned DNAs
for any protein for which the amino acid sequence is known.

Note Added in Proof. Since the preparation of this manuscript the iso-
lation and partial DNA sequence analysis of three mouse Pm cDNA
clones has been reported (37).
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