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Abstract-Using the 2 step single primer mediated polymerase chain reaction(PCR), mouse f-galactoside ot2,6-sialyltransferase
cDNA was cloned. Single primer mediated PCR is a method to amplify a particular DNA fragment beyond its known sequence
region. It employs only one primer for the reaction. Compared to other PCR methods to amplify an adjacent sequence of known
DNA fragment, this method requires no enzymatic manipulation on template DNA and is applicable to a template on long DNA
fragment. First, a short DNA fragment of the enzyme was obtained from mouse cDNA by the usual PCR method using degenerate
primers synthesized according to a relatively conserved region in rat and human B-galactoside ®2,6-sialyltransferase. Four
primers were synthesized based on this sequence, then 2 step single primer mediated PCR were performed to obtain 5' and 3'
flanking sequences of this short fragment resulting in 1.0 kb and 1.3 kb fragments being amplified respectively. The integrity of
the two fragments was confirmed by an additional PCR using primers synthesized according to the joined sequence, which
contained 1.2kb complete putative mouse P-galactoside «t2,6-sialyltransferase coding region. The result showed that the
specificity and consequently applicability of the single primer mediated PCR for amplifying a particular DNA fragment beyond
known sequence region was remarkably improved by the successive 2nd reaction.

Single primer mediated PCR!-2 is one of the methods used ~ positions of glycoconjugate glycans with a NeuAc 02,6-
to amplify a particular DNA fragment beyond its known  Gal linkage. cDNA sequence from rat’ and human,® along
sequence region. It employs only one primer for the  with genomic DNA sequence® and tissue specific
reaction. The other end of the planned primer site is  alternative splicing!© in rat have been described. To gain
generated by partial complementation of the same primer.  further insight into the function and regulation of this
Compared to other PCR methods to amplify an adjacent  enzyme, we intended to obtain the CDNA sequence of the
sequence of known DNA fragment, such as inverted PCR,3 enzyme from mouse. Using this method, we obtained an
rapid amplification of cDNA ends (RACE), anchored  unknown DNA sequence on both sides of this known
PCR,5 and one-sided PCR.® this method has the advantage ~ cDNA fragment. The resultant 2.2 kb sequence contained
of requiring no enzymatic manipulation on template DNA  the full coding region of mouse B-galactoside o2,6-
and is applicable to long template DNA fragments. It is  sialyltransferase.

generally thought to be a rare phenomenon and to have

very limited applicability.!-2 Materials and Methods

It is expected that if we combine 2 single primer mediated ~ 10tal RNA was extracted from mouse liver and brain by
PCR sequentially, it will increase the specificity and the the guan‘ldlum‘ thiocyanate method and purified by
applicability of the method (Figure 1A). In this  ultracentrifugation through 5.7 M CsCL!! PolyA-RNA
experiment, we applied it to a known 150 bp cDNA  Was purified by Ohgotex~dT30. (Takara). cDNA was
fragment of mouse B-galactoside o2,6-sialyltransferase to ~ Synthesized from polyA-RNA with oligo(dT) by AMV
obtain the whole coding region of the cDNA. reverse transcriptase XL (Life Science).

B-Galactoside ©2,6-sialyltransferase (EC 2.4.99.1) A short cDNA fragment amplification
catalyzes the incorporation of sialic acids into terminal A relatively conserved region was selected from
comparison between rat and human B-galactoside o.2,6-
sialyltransferase CDNA sequences. Degenerate primers were
1This work was supported by the followin ants: Grant-in- S)fmheSized using 394 DNA, synthesizer' (Applied
Aids for Scientific Research on Priority Areas Nos 04268105  Biosystems), and PCR was carried out to obtain a 150bp
and 04268216; Grant-in-Aids for Scientific Research (c) No.  fragment. The reaction mixture contained 0.1 pg oligo(dT)-
03680139, and for Encouragement of Young Scientists No. c¢DNA, 40 pmole primer 1 (5“TGGGCCTTGGII(AC)
04772002; The research grant (3A-2) for Nervous and Mental AGGTGTGCTGTTG-3", 40 pmole of primer 2 (5'-
Disorders from the Ministry of Health and Welfare, Japan; The AGGCGAATGGTAGTTTTTG(AT)GCCCACAT-
Naito Foundation and The Fujisawa Foundation. C-3), 200 uM each dNTP, 10 ul 10x Taq buffer
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Two step single primer mediated PCR

(Promega, final concentration of MgCl; was 1.5 mM),
2.5U Taq DNA polymerase (Promega) in 100 pul. PCR
condition was 94 °C for 30 sec, 45 °C for 30 sec and 72 °C
for 30 sec, at 40 cycles using a DNA themmal cycler
(Perkin-Elmer Cetus). The fragment was separated in 3%
agarose gel electrophoresis, visualized by ethidium
bromide, recovered from the gel using Mermaid DNA
extraction kit (Bio 101 Inc.), §' ends were phosphorylated
with T4 polynucleotide kinase prior to ligation into Sma I
cut, dephosphorylated vector plasmid pUC119, and finally
sequenced. DNA sequencing was carried out using
Autocycle DNA sequencing kit and A.L.F. DNA sequencer
(Pharmacia).

3’ Side fragmemt amplification

A 2 step single primer mediated PCR was carried out as
follows. First PCR was in 100l containing 0.1pg of
oligo(dT)-cDNA, and 40 pmole of primer 3 (Figure 1A, b).
PCR conditions were 95 °C for 30 sec, 50 °C for 60 sec,
72 °C for 180 sec, at 40 cycles. The second PCR was
carried out with primer 4 using 1 pl of the first PCR
products as templates under the same conditions (Figure
1A, ¢). The 2nd PCR product was washed in Ultrafree C3
(Millipore) filter cup to remove primer and
deoxyribonucleotides and cloned into a vector pUC19.
Plasmids containing inserts were sequenced without further
selection.

5' Side fragment amplification

¢DNA was synthesized from 0.3 pg of mouse liver polyA-
RNA and 0.1 pmole of specific primer (primer 6) in 20 pl
aL 42 °C for 2 h, and used as a template for the following 2
step single primer mediated PCR without 2nd strand
synthesis. One microliter of this reaction mixture was used
as ¢cDNA template in the first PCR with 40 pmole of
primer 6 (Figure 1A, d). PCR conditions were 95 °C for
30 sec, 55 °C for 60 sec, 72 °C for 120 sec, at 40 cycles.
The second PCR was carried out with primer 5 and 1 pl of
the first PCR product under the same conditions (Figure
1A, e). The product was cloned and sequenced as described
above.

Confirmation of the integrity of 5’ and 3' PCR product

Primers 7 and 8 were synthesized based on 5' and 3' side
fragment sequences (Figure IA, f). PCR was performed in
100 pl containing 0.1 pg oligo(dT)-cDNA from liver or
brain, 40 pmole of primer 7 and 40 pmole of primer 8.
The PCR conditions were 95 °C for 30 sec, 55 °C for 60
sec and 72 °C for 120 sec, at 40 cycles. The product was
cloned and sequenced as described above.

Results

To obtain the DNA fragment coding the relatively
conserved sequence of f3-galactoside 0.2,6-sialyltransferase,
PCR was carried out with degenerate primers and mouse
c¢DNA as a template and several DNA fragments were
amplified. One of these fragments which corresponded to
the expected length (150 bp) was cloned into a plasmid
vector. Several clones were found to have identical
sequences which were highly homologous with the
sequence of rat enzyme (Figure 1A, a).
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a— _.-3 —_— P
1 GCATCTATCTCAACAART TTCTCTACACCGGTTCCCCTTGL
41 TAGGGACTTYGGGCCACGARAGCTCTGGGTT TCTCTGCCTCTGTT TTGTGGC TAAAAGET
101 GACTCTGGGCACTTCAAAAARGATGGTTTTTGATCATCCTGTGAAMAATGAGCCTIGGLC
161 TCCAGACCTAGTAAAGTAAACCTCTTTCCCGTGGAGAACAGTGCTOGUTCCTGAGGACCT
221 GOAGGGCCAAGCCCAGAAGGATTAGCCAGAAGCAGGCTTCCTTCCTGCTICCGATCAGTCG
281 CTCTCCTGCCCCTACCATTCATTATGATTCATACCARCT TCAAGAGAAAGTTCAGCTGLT
HIHTNLLRKFSC

7 L
341 TTCTCCTGGTCTTTCTCCTCT TTGCCATCATCTGCGTGTGGAAGAAAGGGAGCGACTATG
F VvV L vV F L L F A I I €V W K K G s D Y

401 AGGCTCTTACATTGCAAGCCAAGGTATTCCAGATGCCGAAGAGCTAGGAGRAAGTOGLCE
£ A L T L G A KV F QMNP K S QE K V A

461 TGGGGCCTGCTCCCCAGGCTGTGTTCTCARACAGCAAACAAGACCCTAAGGAAGGCGTTC
V G P AP Q AV F 5§ NS K QD P K E GV

521 AGATCCTCAGTTACCCCAGGGTCACAGCCAAGGTCAAGCCACAGCCCTCCTTGCAGGTGT
Q I L s Yy P R Y T A KV KPP QP S L QV

581 GGGACAAGGACTCCACATACTCAAAACTTAACCCCAGGCTGLTGAAGATCTGGAGGAACT
¥ 0 K 2 8§ T Y § K L NP R L L XK I W RN

641 ATCTGAACATGAATAARTATAAAGTCTCCTACARGGGGCCGGGACTAGGAGTCAGGTTICA
¥ L R 8 XN XK ¥ K VvV 85 ¥ K G P 6 P G V R F

701 GCGTAGAAGGCCTGCGCTGCCACCTTCGAGACCACGTGARTGTGTCTATGATAGAGGCCA
$ VE G LR CHULRDUHVNUVS MTIEARA

761 CAGATTCTCCCTTCAACACCACTGAATGGGAGGGTTACCTGCCCAAAGAGACATTCAGAA
T 0 § P F N T T B MW EG Y L P K E T F R

821 CCAAGGCTGGGCCTTGCACAAAGTGTGCCGTCGTGTCTICTGCAGGATCTICTGARGAALT
T K A S P C T K C A VYV V¥V S S§$ AG S L KN

L
1 K] -
881 CCCAGCTGGGTCGAGAGATTGATAATCATGATGCGGTCCTGAGGTTTAATGGGGCACCTA
$ Q L.GR E I D N H D A V L RF N G A P
[ S

«-———_—
4 5 -
841 CAGACAACTTCCAACAGGATGTGOGCACAAARRCTACCATCCECCTAGTGAACTCTCAGT
T D NFQEQDVYGTRTTTIRLVUNENSZQ
[ - 2
1001 TAGTCACCACAGAAAAGCGCTTCCTGAAGGACAGTTTGT ACACCGAAGGARTCCTGRTTC
L VvVTTET KT RTPETLTEKTDT STLTY®?TETGTITLTI

1061 TGTGGGACCCATCTGTGTATCATGCAGACATTCCGCAGTGGTATCAGAAGCCAGACTACA
L WD P S V Y HANDTIP QWY QKUPODY

1121 ACTTCTTCGAAACCTATAMGAGTTACCGAAGGCTTCACCCCAGCCAGCCTTTTTACATLC
N F F E T Y XK s ¥ R A& L H P 8 Q7 F ¥ I

1181 TCAMGCCCCAGATGCCATGGGAACTATGGGACATCATTCAGGAMATCTCTCCAGATCTGA
L XK P Q M P W E L WDTIIQZEETISPODL

1241 TTCAGCCGAATCCCCCATCCTCCGGCATGCTGGGTATCATCATTATGATGACGCTGTGTG
I QP NP P S $ G MLG I I I MM TLC

1301 ACCAAGTTGATATTTACGAGTTCCTCCCATCCAAGCGCAAGACAGATGTGTGCTACTATC
D Q VDI ¥ EF L P S KRKTDVCYY

1361 ACCAGAAGTTCTTTGACAGCGCUTGCACGATGGGTCCCTACCATCCGCTCCTCTTCCAGA
H# Q K F F D §$ A C T M G A Y H P L L F E

1421 AGAATATGGTGAAGCATCTCAATGAGGGAACAGATGARGACATTTATTTGTTTGGGAAAG
K N M V XK 44 L NEGTDEDTIZYULTFGK

1481 CTACCCTGTCTGGCTTCCGCAACARTCGCTGTTGAGCCAGGCATCCTCATCCTTCTCCAT
AT L $§$ G F R NN i c
- :

1541 AAGTCATTTTATGGCTGCTCTCCTGGTTACCACTGCTTGAAGGAGTGTITTTATTCAACA
1601 GGCCCAGCCTGCCTCTTGCACTCT AGGGAAT TITCTTGGCGAGGSTTCTGGGGCCTCTAG
1661 TGTCTGATGGCAAGGAGGCAGACCCAGCCTTCCCTGCAGGEACAGAGTATGGGAGCCCAG
1721 ATTCTTCCCGTACACATTTCTCUTGACAACATCCTCCTCTCCTTTCACATGAGTAGGGGA
1781 AAGAGCCACATTTCTCACCAGGGTTGCCAAAACTAGACTTTGTTTTTTCCAACTGAATGA
1841 TGTCATCCTAACAAGGGAGCACCTTCCGTGGCTTAAATCTCTCCCTAGGTGGTGATTTCA
1901 CATCTCCCAGATCATGATTTGTGTCAGATGCAGGGTGGC TTCAGGGAGGGGAGGCAATTA
1961 ATTCGGACACGGTGGGGAAGCCTACTCAGTTACTCTAGAGTAANG TTGTTCCCAGGGCAG
2021 TCCCTTTTGATCCTTAATCCTGGGTGCTTATGATCTTGCARAGGATCTTGGGTAGCTCAC
2081 TTCCCACTCTICCATGGAGACAGAAGGTCCAAMCCTCCCATCTGTCCCCRACCTGATCAS
2141 AGTTGAGTTATATATAGATACACCCAACAGGCAGCTAGAATGCAAMCATTCCGTGUGCTC
2201 AGTTATTTGGGCTCCCTCTICTGAGAGCGTGCTGTCTGTAC

- —y = -

Figure 2. The nucleotide and predicted amino acid sequence of mouse
B-galactoside @2,6-sialyltransferase. The translation initiation site was
predicted by comparison of rat and human sequences. This sequence
corresponds with combined sequence of fragments ¢ and e in Figure
1A. Numbered arrows indicate primer sites. Partially complementary
sites for primers 5 and 4 are -20 to -1 and 2241 to 2258 respectively, as
indicated by dashed arrows. The sequences of these sites are not
available from current experiments (accession number D16106)
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Four primers (primers 3-6, Figures 1A and 2) were
synthesized based on this sequence and 2 step PCRs were
performed with single primer for both the 5' and 3' sides.
In both 3' and 5' side experiments, first single primer
mediated PCR products (Figure 1A, b and d) werc
heterogeneous (Figure 1B, lanes b and c¢) and were not
cloned nor sequenced.

The second PCR for the 3' side amplified a 1.3 kb
fragment (Figures 1A and B, c), which contained the
sequence of primer 4 at both ends, a 0.6 kb sequence of C-
terminal part of the enzyme and a 0.7 kb of 3' non-coding
region judged from bhomology with rat (Figure 2). The
second PCR for the 5' side amplified several DNA
fragments (Figure IB, lane e). All of them have the
sequence of primer S at both ends of the fragments, and 1.0
kb, 0.9 kb and 0.6 kb fragments were found to have the
sequence identical to the corresponding part of the 150 bp
fragments. The 1.0 kb fragment had 0.7 kb of N-terminal
part of the enzyme and 0.3 kb of §' non-coding region
(Figure 1A, e).

The integrity of the 5'-side 1.0 kb fragment and 3'-side 1.3
kb fragments was confirmed by additional PCR using
primers 7 and 8 synthesized according to sequences on the
5" and 3' side fragments (Figure 1A, f). Fragments which
contained the 1209 bp coding region of putative mouse B-
galactoside a2,6-sialyltransferase were amplified from both
liver and brain cDNA (Figure IB, lanes f and ).

The 2.2kb joined fragment is not a full length cDNA,
sequences outside of the fragment including partially
complementary sites of primers 4 and 5 are still unknown,
but it does contain the full coding region of B-galactoside
02,6-sialyltransferase, judged from comparison between rat
and human enzyme (Figure 2).

The 0.9 kb fragment obtained by 2nd PCR for §' side
contains 17 bp of the sialyltransferase sequence flanking
primer 5 at onc end, and the adjacent sequence was
homologous to intron 2 of the rat sialyltransferase gene.”
This fragment seems amplified from hnRNA or genomic
DNA. The 0.6 kb fragment has 0.5 kb of the
sialyltransferase sequence and 80 bp of unidentified
sequence. In our experiment, the integrity of this fragment
and 3' fragment was not confirmed by PCR with primer 8
and primer 9. The latter was synthesized according to the
unidentified sequence of the 0.6 kb fragment. The origin of
this fragment remains to be investigated.

The effect of the 2 step PCR is shown in Figure 1C. The
PCR products either with primer 3 or with primer 4
(Figure 1C, lanes b and c') contained many bands when
carried out with mouse cDNA as a template, but two step
PCR, in which first step PCR product (Figure 1C, lane b)
was used as template for the second step PCR with primer
4, amplified a single fragment (Figure 1C, lane c).

Comparison with rat cDNA showed that the sequence was
well conserved between the 2 species including non-coding
region and at least one intron—exon junction (data not
shown). Comparison of the amino acid sequences of the 3
species revealed that there was strong conservation in C-

terminal catalytic domain,!? and relatively weak
conservation in N-terminal cytosolic and anchor domain. 13

Discussion

Single primer mediated PCR is totally dependent on partial
complementary binding on the secondary site. How often
one can expect such a sitc within the PCR range of the
authentic priming site is critical to the applicability of this
method. As discussed below, the problem is not whether
such sites exist within the range of the PCR but the
interference of the nonspecific priming, especially when
the annealing temperature becomes as low as 37 °C. Parks
et al.* employed 34-37 °C as anncaling temperature for the
first 10 cycles followed by 20 highly stringent cycles and
achieved amplification of 5 specific products out of 11
primers tested. Although their products were hetcrogeneous
many of them were nonspecific.

In our experiments, the nucleotide sequences of
incompletely matched sites are unknown, we cannot assess
the extent of matching at partially complementary sites.
Wang et al.! obtained single primer mediated PCR product
of known sequence and reported 8 bases and 20 bases
matching in 32 bases and 35 bases secondary priming site,
respectively. Parks er al.2 reported 14 bases and 10 bases
matching in 20 bases and 27 bases secondary priming sites
respectively. In both reports at least 2 bases at the 3' ends
of the primers are completely matched. To calculate the
probability of incomplete matching for a 20 bases primer,
let us assume completc matching in 2 bascs at 3' end and
the matching of more than 9 bases in the remaining 18
bases is sufficient for the partial complimentary binding at
low annealing tempcrature. The probability of the
existence of such matching in a given 20 bases sequence
is, assuming binomial distribution, as follows:

2 18 k 18-k
P - (-;—) k{lg(—l) (—431) 18Ck =12x10 2

This means one of such a combination of sequences exists
on average every 833 bascs. This is well within the range
of PCR. In our experiments we obtain heterogencous
product when single primer reaction was carried out with
¢DNA as template (Figures IB and C, lanes b, d and ¢"). It
is consistent with the calculation above which indicates
that significant partial complimentary sites exist on almost
all template DNA fragments.

To eliminate such problems and obtain specific product,
we carried out 2 reactions sequentially (Figure 1A).
Theoretically, two independent primers at one side of the
desired DNA fragment carry the same amount of
information with a pair of primers on each end of the
DNA. It was previously thought that since single primer
mediated PCR is a rare phenomenon, to do it 2 times
sequentially seems almost impossible. However, as
calculated above, it is not the casc. Since the primer is
perfectly matched at one side, (unlike other cases where
both primers are incompletely matched such as degenerate
primers made from amino acid sequence), the first single
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primer mediated PCR should be carried out with high
annealing temperature. It is not necessarily the true chain
reaction, but could be a linear increase of single strand
DNA extended only from authentic priming site. In the
second single primer mediated PCR, if necessary, the
annealing temperature may be lowered to facilitate partial
complementary binding. In our experiment it was not
necessary (50 °C for primer 4 and 55 °C for primer 5). The
annealing temperature is not required to be extremely low,
because the specific template is enriched by the first
reaction. The idea of the two step reaction is to increase the
chance of partial complementary binding not by the lower
annealing temperature but by enriching the specific
template by the first reaction.

The effect of the enriched template for increasing specific
product is shown in Figures 1B and C. The second PCR
products (lanes ¢ and d) showed a dramatically reduced
number of bands compared to first PCR products (lanes b,
d and ¢"). Thus, both 5' and 3' side specific fragments were
obtained by the 2 step single primer mediated PCR
method.

The advantage of single primer mediated PCR over other
methods such as RACE or inverse PCR is that it is
applicable to a template on a long DNA fragment. In the
other methods, the ends of the template DNA or a
restriction site must exist within the PCR range (usually
up to 2 kb). It is especially useful when amplifying 3' side
of mRNA, because sometimes a 3' non-coding region
extends more than 2 kb. On the other hand, if the expected
length of the template is less than 1 kb, often the case in a
S' side of mRNA, RACE, anchored PCR or one-sided PCR
is a better choice since it is not likely to have a suitable
partial complementary binding site, and even if one exists,
the obtained fragment will be shorter than that obtained by
other methods. Another advantage of the method is its
convenience, as it requires no enzymatic manipulation of
template DNA as required in RACE or anchored PCR.
When applying these methods (i.e. single primer mediated
PCR, RACE, etc.) in parallel, one should keep it in mind
that efficiency of the single primer mediated PCR is
dramatically suppressed in the presence of other primers
used in RACE or anchored PCR such as oligo(dT) or

universal primers (data not shown).

In conclusion, we have established the rapid and convenient
system—two step single primer mediated PCR—for
getting the desired ¢cDNA clone. This new method is
particularly useful for cloning a gene which has very
limited sequence information.
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