20 % 5 M
2004 49 H

¥ 89 I B ¥ #®
Chinese Journal of Biciechnology

Vol.20 No.5
September 2004

Betaine Improves LA-PCR Amplification
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Abstract PCR is a powerful tool for the amplification of genetic sequences. [t has been widely applied in molecular hiology. It is
generally used to amplify short segments (several hundreds basepairs to several kilobasepairs) . It is difficult to amplify a long DNA

segment. Based on the sequenced genes, it is known thal most iniacl genes are very long. And intact gene is very impontant for the

gene to express specially and effectively. Long PCR is a very useful tool to amplify intact genes for constructing special expression

vectors. We have tried several chemicals to oplimize long PCR system and found betaine was the best. Betaine, as an amino acid an-

alogue with small tetraalkylammonium ions, could remarkably imp;'ove the amplification of long targets from the plant genome. The

suitable concentration of hetaine was between 1.0 mol/l. and 2. 5mal/I.. We could effectively amplify a 9 kh DNA segment from maize

genome DNA and a 16 kb DNA segment from plasmid. It was shown that different primers and different targets { different GC content)

needed different concentrations of betaine. Betaine can reduce or eliminate non-special amplification. In the meantime we tried other

additive chemicals, such as DMSO, glycerin, formamide. They were no notable results in Jong PCR.

Key words Betaine, LA-PCR
Since it was invented in 1988['7, polymerase chain reaction
(PCR)} has been widely applied in molecular biological research.
Usually, it is suitable for amplification of short and medium DNA se-
quence . However, it is difficult to amplify DNA sequence longer than
6 Lilobasepairs through normal Taqg DNA polymerase. Umil 1994,
Bames et al and Cheng et al made a great progress in long and accu-
rte PCR ( LA-PCR) by combining a high level of an exonuclease-
free, N-terminal deletion mutant of Taq DNA polymerase, Klentagl,
with a very low level of a thermostable DNA polymerase exhibiling a
3'-exonuclease activity( Pfu, Vent, or Deep Vent)[2:3] | By the com-
bination of these two DNA polymerase, they amplified 35kb DNA with
high fidelity and high yield from A-hacteriophage genome DNA!Z and
nade the LA-PCR possible. In 2000, Fromenty et al. found lhe'lem»
plate integrity was one of the critical factors for the success of LA-
PCRIY . Tt was thought the apurinic/apyrimidinic ( AP) sites of DNA
templates were able to block progression of the DNA polymerase. They
utilized Fscherichia coli exonuclease [, a major repair enzyme in
becteria, to cleave DNA at AP sites before amplification and 1o im-
prove the long PCR amplification of damaged DNA templates.

We recently tried 1o use LA-PCR to amplify phosphoenclpyruvate
carboxylase gene ( pepc 6.7 kb, GeneBank accession E17154) and
.py'mvate orthophosphate dikinase gene ( ppdk abomt 13.8 kh, Gene-
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Bank accession M58656 M36283) of maize. We couldn’ t amplify
those genes based on the above long PCR methods ( combination of two
kinds of DNA polymerase and using exoouclease [l to treat tem-
plate} . At the same time, we used several PCR additives such as for-
mamide, glycerol, dimethyl sulfoxide { DMSO). But they don’t im-
prove the PCR resulis. At last, we found betaine could improve those
genes amplification with high fidelity and high yield. Henke et al re-
ported bataine could improve the PCR amplification of GC-rich DNA
sequences'® . Baskaran et al recommended improving LA-PCR effi-
ciency by combining 1.3mol/L of betaine and 1.3% of DMSO®! .
Based on our result, betaine should bhe a very useful additive of LA-
PCR.

1 Materials and Methods

1.1 LA-PCR

LA-PCR was usually performed with two kinds of Tag DNA poly-
merase, TaKaRa Tag and LA-Tag DNA polymerases which were
bought from TaKaHa Bictechnotogy {Dalian) Co., Ltd. There were
four kinds of reaction buffers with TaKaRa LA-Taq DNA polymerase
(10 x LA-PCR Buffer I ,10 x LA-PCR Buffer Il ,2 x GC Buffer I ,2
x GC Buffer [[ }. The LA-PCR mixture contained 300pmol/L of
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dNTPs, 3mmol/L of MgCl,, 1 x PCR buffer ( 10mmol/L of Tris-HCI
pHE.3 and 50mmol/L of KCl }, 0.2pumol/L of each primer p5’ and
primer p3’, 2.5u of LA-Taq DNA polymerase and lgg of maize ge-
nome DNA with variable concentrations of betaine. All PCR were per-
formed in a volume of 50pL in 0.2 mL thin wall PCR tubes through
Biometra Tgradient system { Whatman Co} .

Three different LA-PCR protocols were used.

Protocol 1 was employed 1o amplify pepe gene from maize genome
DNA. The following primers were applied to amplify a 6767 bp DNA
fragment: Forward primer pepe-5’ 5'-GGTGTTAGGACACGTGGT-
TAGCTAC-3' {m 15-39 of maize pepe gene E17154) and backward
primer pepe-3’ 5’-GAAGCTTCCCTAAGCTCCAATCACT TGC-3' (nt
6781-6761 of maize pepe gene E17154) . The thermocycler profile for
pepe gene was | cycle of 94°C for 3 min, 60 for 1 min and 72°C
for 8 min, 35 cycles of 94°C for 30 s, 62 for | min, and 72°C for
8 min, with a final extension at 72°C for 10 min.

Protocol 2 was employed to amplify partial ppdk gene from maize
genome DNA . The following primers were applied to amplify an 8917
bp DNA fragment: Forward primer ppdk-5" 5'-GTTGTTAGGAAG-
GAGGTGGATAGAA-3" (nt from -1471 to -1447 of maize ppdk gene
M58655 M36283) and backward primer ppdk-3' 5-GTCGAG-
GAAGCGGCGGAAGCGAGTCG-3' (nt 7445-7421 of maize ppdk gene
M58655 M36283) . The thermocycler profile for ppdk gene was 1 cy-
cle of 94°C for 3 min, 60°C for 1 min and 72°C for 500 s, 35 cyeles
of 94C for 30 s, 60.6C, 63°C or 65T for 1 min, and 72°C for 500
s, with a final extension at 72C for 10 min.

Protocol 3 was employed to amplify the plasmid pBAC216
{ 18688 bp) , which contains the whole maize ppdk gene (13390 bp) ,
bar gene with 35s promoter, Adhl intron and Nos3’ terminator (1881
bp) and modified pGreen0029 {3417 bp) . The following primers were
applied to amplify a 16807 bp fragment: Forward primer plasmid-5'
5'-TATGCCATGGTCATGTATCGATAACATTAACGTTT-3' (nt 2006-
2040 of pBAC216) and backward primer plasmid-3’ 5'-GTTT-
GCGCGCTATATTTTGTTTTCTCATA-3" (it 124-96 of pBAC216).
The thermoeycler profile for pBAC216 was 1 cycle of 94T for 3 min,
62 for 1 min and 72°C for 800 s, 35 cycles of 94%C for 30 s, 65°C
for I min, and 72°C for 800 s.

1.2 Isolation of maize DNA and plasmid DNA

Maize DNA was extracted by CTAB method as describing in Short
Protocols in Molecular Biology!”
ground to powder in liquid nitrogen and transferred into a fresh 50mlL
tube. 15mL of CTAB exiracting buffer were added into the tube which
contained samples and mixed. 15mL of chleroform were added and

. Five grams of maize leaves were

mixed . Separate the organic and aqueous phases by centrifuge . Trans-
fer the upper aqueous phase to a fresh S0mL tube. Precipitate the
DNA by adding an equal volume of isopropanol. Transfer the DNA
precipitation to a fresh 1.5ml Eppendorf tube by glass rod. Dry the
DNA in room temperature. Dissolve the DNA pellet in 200uL of TE
buffer. Plasmid DNA prepared by alkaline lysis with SDS as describing

in Molecular C]on.ing[sl . Pour 1.5mL of the bacterial culture into a
fresh 1.5mL tube. Centrifuge at 13000r/min at 4°C . Remove the su-
pematant and dry the bacterial pellet. Resuspend the bacterial pellet
in 200uL of solution I . Add 200pL of solution [l to the bacterial sus-
pension and mix. Add 150pL of ice-cold solutionlll and mix. Centri-
fuge the bacterial lysate at 13000r/min for 15 minutes at 4°C . Transfer
the supemnatant 1o a fresh tube. Precipitate the plasmid DNA from the
supematant by adding an equal volume of isopropancl. Collect the
precipitation by centrifuging at 13000r/min for 5 minutes at 4C.. Re-
move the supermatant and dry the pellet at room temperature. Dissolve
the pellet in 150uL of TE buffer.
1.3 Primer and betaine

Primers were synthesized by ABI 3900 High-Throughput DNA
Synthesizer. Betaine was bought from Sigma.

2  Resulis

Preliminary experiments showed that it was failed to amplify the
intact pepe gene with primers pepe-5' and pepe-3" by TaKaRa Taq or
LA-Taq with any kinds of reaction buffers. We could only amplify par-
tial pepc gene with some non-specific bands by LA-Tag with GC [ o
GCIl reaction buffer through primers designed for partial pepe gene
amplification { data not shown) . To improve the specificity and effi-
ciency, DMSO, formamide, glycerol and betaine were added to the
PCR. mixture respectively. Our data showed that 5% of formamide im-
proved the specificity of partial pepc gene amplification. 5% of DM30
and 10% of glycerol had no notable effect on the specificity or effi-
ciency of partial pepe gene amplification. Moreover, 5% of formamide
did not improve the amplification of intact pepc gene. But betaine re-
markably improved the PCR amplification of partial and whole pepc
gene from maize genome DNA. We found the concentration of betaine
was very important for the specificity of PCR amplification. Both 1.5
and 2mol/L of betaine improved the specificity of whole pepe gene am-
plification. At the mean time, 1.5mol/L of betaine could enhance the
efficiency of PCR amplification { Comparing Lane 1.5 and Lane 2.0 in
Figure 1) . However 0.5mol/L or Imol/L of betaine didn’t amended
long PCR amplification ( see Figure 1 and 2) . When amplifying partial
ppdk gene (about 8.9kb) from maize genome, we optimized the con-
centration of betaine and annealing temperaure ( see Figure 2) . We
found high annealing temperature was requisite but not sufficient to
improve the amplification specificity of partial ppdk gene. Combining
high annealing temperature with suitable concentration of betaine, the
specificity and efficiency of PCR amplification were improved remark-
ably. Using 1.5 or 2.0mol/L betaine, a 16807 bp fragment was am-
plified from plasmid pBAC216 (see Figure 3) . It's possible to amplify
much longer fragments from plasmid or ADNA by this PCR system.

3 Discussion

We show here that betaine notablely improve the PCR amplifica-
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tion of single copy long gene from plant genome. Betaine seems a bet-
ter PCR additive than other additives such as formamide, glycerol,
M 05 10 15 20

Fig.1 Agarose gel elecirophoresis map of amplified maize pepc
gene with variable concentration of betaine (Electrophoresis with
agarose gel in 1 x TAE buffer. 20pL of PCR samples were load-
ed.)

M: 1 kb plus DNA molecular weight marker from invitrogen; ( 12kb,
11kb, 10kb, 9kb, 8kh, 7kb, 6kb, 5kb, 4kb, 3kb, 2kb, 1.65kb, 1kb,
850bp, 650bp, 500bp, 400bp, 300bp, 200bp, 100bp)

0.5: Amplification of maize pepc gene with 0.5M belaine; 1.0: Amplifi-
cation of maize pepc gene with lmol/L betaine; 1.5: Amplification of
maize pepc gene with 1.5mol/L betaine; 2.0: Amplification of maize pepc
gene with 2mol/L betaine

DMSO for long sequence amplification. Belaine can even improve the
amplification of normal TaKaRa Taq polymerase for long sequence (see
Figure 1) . We consider there are four kinds of possible mechanism of
betaine to improve LA-PCR amplification. Firstly, betaine possibly
decreases the Tm of GC-rich sequences. Rees et ai%) found betaine
eliminated the base pair composition dependence of DNA melting. Al-
though we haven’ t used so high concentration of betaine (5.2mol/L),
1.5 1o 2.0mol/L of betaine is at least able to decrease the Tm or de-
struct secondary structures of maize genome DNA . And betaine maybe
isostabilizes the two primers nearly { the Tm of primer ppdk-5° is 54°C
and the Tm of primer ppdk-3’ is 89.2°C), although the “isostabiliz-
ing” concentration of betaine (at which AT and GC hase pairs are
equally stable) is around 5.2mol/L®) . Secondly, betaine maybe pro-
tects template DNA from apurinic/apyrumidinic effects of high temper-
ature. An Apurinie/apyrumidinic ( AP) site is one factor that blocks
the elongation of DNA polymerasem . Thirdly, betaine maybe protects
Taq DNA polymerase from high temperature. Arakawa et el have re-
ported that various proteins are stabilized against thermal denaturizing
and preferentially hydrated in 0.5 ~ 2mol/L. betaine in 1983 and
19851 ') | Fourthly, betaine eliminates pause by Tag DNA poly-
merase. Mytelka et al have report that T7 DNA polymerase tends to
pause at a set of sequences!'”) . We think it is another factor that af-
fects the long PCR amplification.

8.9kb

Fig.2 Agarose gel electrophoresis map of amplified maize ppdk
gene with variable concentrations of betaine and annealing tem-
perature {0.9% Agarose gel 1 x TAE buffer, 20uL of PCR sam-
ples were loaded. )

1: lmol/L betaine with 60.6 C; 2: Imol/L betaine with 63 °C; 3: 1meol/
L betaine with 65 T; 4: 1.5mol/L betaine with 60.6 C; 5: 1.5mol/L
betaine with 63 C; 6: 1.5mol/L betaine with 65 C; 7: 2mol/L betaine
with 60.6 C; 8: 2mol/L betaine with 63 C; 9: 2mol/L betaine with 65
C; M: 1 kb plus DNA melecular weight marker from invitrogen(see Fig-

ure 1)

Fig. 3
pBAC216
(0.9% Agarose gel 1 x TAE buffer, 20uL of PCR samples were
loaded. )

MI: 1 kb plus DNA molecular weight marker from invitrogen( the upper
band is 12kb); 1: 1.5mol/L betsine; 2: 2.0mol/L betaine; M2: A DNA/
EcoR] + Hind[l markers (the upper band is 21kb)

Agarose gel electrophoresis map of amplified plasmid
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REET KRE REF TEHK

(Aemt R = P ARFIR L, AL 100089)

# E FoBsEAENPCREN—TEEEBNEATUATFERMAFAAY S, HEN PCRERRES
FEABDNA MY 18, —BE6K LT, Fekb EHJLkb EEJL+ kb A LB DNA R BT M RIEHWHAE, 8
HENFRAEOR ERABFXBNEABR RNV HEEETRMMBRER. Badx EX S DNA LR R
DNA 338, & B tmol/L B 2. 5mol/L S EHX M PCRY R E ., BEHEMEER, TUNEXRERA DY
BWhohMEMBERFR ABETF#Y 16U FRAE, 24HR AAFXFAGCEEBMNSIDBRESH LR
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