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CLONING DNA RESTRICTION ENDONUCLEASE FRAGMENTS WITH
PROTRUDING SINGLF~STRANDED ENDS
(T4 DNA polymerase c l o m g method;/ac fragment clones; restriction site

regeneration)
ROGER 1~ WARTELL* and WILLIAM S. REZNIKOFF

Department of Biochemistry, University of Wisconsin, Madison, WI 53706 (U.S.A.)

SUMMARY

A new method of in vitro recombination was employed to construct plaso
m ids containing/a¢ promoter fragments 64 bp and 144 bp long. The 64 bp
HpaII-HhaI fragment contains the binding site for the catabolite activator
protein (CAP). The HpaII-HaeIII 144 bp fragment includes the binding sites
for RNA polymerase, the la¢ repressor and CAP. The method utilizes the ability
of T4 DNA polymerase to make flush-ended DNA either by filling in a recessed 3'-end or by exonucleolytic removal of a protruding 3'~nd. The
treated fragments were then blunt~nd ligated to the filled-in EcoRI cloning
sites of the plssmids pVH51 and pBR322 using T4 ligase. In this process, the
£eoRi sites were regenerated on the fragment ends thus facilitating the sut~
sequent isolation of the fragments from their cloning vectors.
INTRODUCTION

Molecular studies on site specific protein-DNA interactions often require
homogeneous DNA molecules containing the protein target site and as little
additional DNA as possible. DNA restriction fragments provide a convenient
source for such molecules. This is exemplified by studies on transcription initiation from the £scherichia colila¢ operon. Three proteins are involved in
transcription initiation of this operon; RNA polymerase,/a¢ repressor, and
the catabolite gene activator protein or CAP (Reznikoff 1972, Gilbert 1976,
Reznikoff and Abelson, 1978). These proteins interact with specific DNA
sites within a region of about 100 bp (Gilbert and Maxam, 1973; Dickson et
al., 1975; Majors, 1978; Reznikoff and Abeison, 1978). DNA restriction fragments have been utilized to examine transcription from wild type and mutant
/a¢ promoters (Maquat and Reznikoff, 1978) and to determine base pairs con*On leave from School of Physics, Georgia Institute of Technology, Atlanta, GA (U.S.A.).
Abbreviations: bp, base pairs; CAP, eatabolite activator protein; DTT, dithiothreitol
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by the repressor (Gilbert et al., 1976; Ogata and Gilbert, 1977), CAP
(Majors, 1977) and RNA polymerase (Johnsrud, 1978).
Three/ac fragments containing the transcription initiation region have been
cloned (Hardies et al., 1979; Johnsrud, 1978; Backman et al., 1976). These
fragments are 789, 203, and 95 bp long (see Fig.l). The 203 and 95 bp DNAs
were cloned by ligation of restriction ~ e n t s
bearing flush ends to filled in
gcoKI sites on plasmids. The 789 bp DNA was cloned by ligating the flush
H/ndII ends on the donor fragment and cloning vector.
In order to clone two different fragments of the/ac operon control region,
we have daveloped a new method for inserting DNA restriction fragments with
one or two single-stranded ends into plasmid £coRI receptor sites. The method
is a modifieat/on of the procedure described by Backman et al., 1976. It is
based on the ability of T4 DNA polymerase to make flush.ended DNA moleeules by either filling in a recessed 3'-end or cleaving back a protruding 3'-end.
We have cloned a 144 base pair DNA fragment with Haelll a n d / / h a l ends,
and a 64 base pair DNA with Hpall and Hhal into the single EcoRI site of
the plasmids pBR322 and pVH51. EcoRl sites were regenerated on both
ends of the cloned fragments. The methods described provide a general procedure for i n s e r ~ DNA fragments into cloning vectors.
MATERIALS AND ~/~IOD8

(a) Materiab
Lysozyme, chloramphenicol and pancreatic ribonuclease A, RNase A, were
obtained from Sigma Chemical Co. RNase A was boiled for I 0 min in 0.1 M
sodium acetate (pH = 4.5) to inactivate any DNase. The restriction endonucleases Haelll, Hhal, Alul and BstNl as well as T4 DNA ligase were from New
England Biolabs. £eoRl was purchased from New England Biolabs or was the
generous gift of G. Horn and $. Neuendorf. Hpall was generously provided by
T. Goodman. T4 DNA polymerase and deoxynucleoside triphosphates were
purchased from P.L Bioehemicals. Colicin E1 was a gift from J. Yin or
S. Neuendorf. The amount used was that required to give five colonies or less
in a no DNA transformation control.

(b) Bacterial strains and growth media
E. ¢oU K-12 strains C6008F8 (rK-mK-recBC-/op11//g*; Struhl et al.,
1976) and MO (F" strR isogenic with Hfr Hayes) were used as recipients
for transformation. Bactm~ were grown in either LB or M9 media (Miller,
1972). The M9 media was supplemented with glucose and casamino acids.
100 ~g/ml of ampicilIin was added to media for growing cells containing ampicillin resistant plasmids. Cells transformed by awpicil!in resistant plasmids
were selected on TYE-XG plates (Miller, 1972) supplemented with 100 #g/ml
ampicillin [TYE-XG-AMP plates]. Cells transformed with plasmids conferring
colicin immunity were screened on TYE-XG plates containing 0.5% deoxycholate (Whitney, 1971) and purified on TYE-XG plates.
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(c) Plasmid construction procedures
The DNA fragments to be cloned were initially generated by restriction
endonucleases from 789 and 203 base pair DNA fragments (Fig.l) generously
provided by S. Hardies and S. Sturtevant. Simultaneous digestion with HaeIII
and HhaI restriction endonucleases was done in HaeIII buffer (Blakesley et al.,
1977). Simultaneous digestion with HpaH and HhaI restriction endonucleases
was done in 20 mM Tris (pH 7.5), 6 mM NaC1, 6mM MgCI2 and 0.5 mM DTT.
Approx. 2/~g of DNA were digested and the fragments were extracted with
phenol, extracted with ether, and precipitated with ethanol. The DNAs were
dissolved with 20--40 #1 of 20 mM Tris-HCl (pH = 7.6), 10 mM MgCI2, I mM
DTT. Final concentrations were estimated to be 60 ng/~l. Plasmid vectors
pVH51 (Hershfield et al., 1976) and pBR322 (Bolivar et al., 1977) were gifts
from W. Hillen and R.D. Klein respectively. After converting these DNAs to
linear molecules by cleavage at their EcoRI sites, they were purified as described above.
T4 DNA polymerase reactions were carried out in a 30 ~1 solution containing 20 mM Tris. HCI (pH = 7.6), 10 mM MgCI2, 1 mM DTT, 33 ~M each of
dATP, dTTP, dCTP and dGTP, 0.3--0.6 ~g of total DNA, and 0.5 units of T4
DNA polymerase. A ratio of 1 0 - 2 0 fragments per molecule of cloning vector
was used. The reaction proceeded for 30 min at 37 °C. Ligase reactions followed
immediately with the addition of rATP to 50/AM and 1--3 units of T4 ligase.
Incubation proceeded for 16 h at 15 ° C.
The ligase treated DNAs were used to transform competent cells following
the procedure of Mandel and Higa (1970). 0.2/~g of DNA was used per transformation experiment. It was diluted into 0.1 ml of 0.33 × SSC (0.05 M NaCI
+ 0.005 M sodium citrate) plus 0.067 M CaCI2. MO or C6008F8 cells were
made competent for transformation by inoculating 25 ml of LB with I ml of
an overnight culture and growing the cells at 37°C to an Ass0 of 0.4. Cells
were cooled on ice for 10 min, pelleted by centrifugation and resuspended in
one-half the original volume of cold 0.1 M CaCI2. They were kept on ice for
20 rain, pelleted again and resuspended in 1/10 of the original volume with
0.1 M CaCI~. After chilling the cells for at least 15 rain, 0.2 ml of competent
cells was used per transformation experiment. Transformants generated with
pBR322 as the cloning vector were selected on TYE-XG-AMP agar plates.
When pVH51 was the cloning vector, 0.2 ml of cells were incubated with
colicin E1 for 1U min at 37 °C, and spread on TYE-XG-deoxycholate plates.
Tmnsfonnants which constitutively synthesize ~-galactosidase appear as blue
colonies on plates containing XG (5-chloro-4-bromo-3-indolyl-~-D-galactoside).
The most likely cause of constitutive ~-galactosidase synthesis was the presence
of plasmids containing the lac operator sequence (Heynecker et al., 1976).
(d ) Characterization of plasmids
Single colonies were initially screened for the presence of plasmid with the
desired insert by gel electrophoretic analysis of an EcoRI digest of the plasmid
DNA isolated from a small scale preparation (Klein et al., 1980). 10 ml of M9
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medium were inoculated with 0.5 ml of an overnight LB culture and grown
at 37°C to Ass0nm = 0.5. Chlommpb.~zicol was added to 100 pg/ml and incubation continued for 16 tL Harvest~ cells were suspended in 0.4 ml 50 mM Tris
(pH 8.5), treated for 10 rain with 1.25 mg/ml lysozyme and gently lysed with
phenol Cell debris was immediately pelleted, and the supernatant was phenol
extracted, ether extracted and ~ o l
precipitated. The DNA was resuspended
in 0.1 ml of I mM NaCI, and 5% o f it was checked on a 1% agarose gel for
the presence and size of plasmid DNA (Barnes, 1977). The remainder was incubated "_with100 pglml RNase A for 2 h at 25 °C, then digested with EcoRI
to generate fragments. Vertical slab gel elec~ophoresis with 6% and 8% polyacrylamide gels followed the procedures of Blakesley and Wells (1975) except
ttmt 10% ~
of 25% glycerol was used in the gel.
characterizations of plasmz~s were made on DNA purified from
600 ml culture~ The growth of cells and DNA purification procedures were
similar to those reported by Hardies et al. (1979). 600 ml of M9 medium was
inoculated with 6--20 ml of an overnight LB culture and the plasmid population was amplified with chloramphenicol as described above. Harvested cells
were suspended in 4 ml of 25% sucrose, 50 mM Tris-HCI (pH 8.0) 5 mM EDTA
and 2.5 mg of lysozyme was added. After 20 min on ice, I ml of 6.6% Brij-58
and 3.3% deoxycholate was added and a cleared lysate prepared (Clewell and
Helinski, 1970). The cleared lysate was incubated with RNase A (60 pg/ml)
for 20 min at 37°C and made 10% in polyethylene glycol-6000 and 0.5 M in
NaCI. After 10 rain on ice the DNA was pelleted. Two consecutive CsCIethidium bromide equilibrium buoyant density gradient centrifugations were
performed. The ethidium bromide was extracted from the plasmid band by 4
to 6 extractions with isoamyl alcohol CsCI was removed by dialysing the DNA
with 10 mM NaCI, 10 mM Tris-HCI (pH 8.0), I mM EDTA. The isolated DNA
was extracted with phenol e x ~
with ether and dialysed into 10 mM
NaCI, I mM Tris-HCI (pH 8.0), 0.1 mM EDTA.
All recombinant DNA procedures were carried out in accordance with the
National Institutes of Health Guidelines for Recombinant DNA Research.
RESULTS

(a) Construction of plasmids containing a 144 bp Haelll-Hhal lae-fragment
The restriction endonucleases HaeIII and HhaI cleave the/ac operon control region generating a fragment with 144 bp and two protruding nucleotides
at the HhaI site. Although the strand length of this fragment changes slightly
through the steps of plasmid construction, we will always refer to it as the
144 bp fragment. This DNA contains the binding sites for RNA polymerase,
the catabolite gene activator protein and the lac repressor. Fig.T shows the
location of this fragment within the sequenced HindII 789 bp DNA (Dickson
et al., 1975; Maxam and Gilbert, 1977). It was desired to clone this fragment
in order to obtain amounts sufficient for physic~ studies. Fig,2 d i ~ s
the
procedure employed. T h e ~
cloningvector was pBR322. ~
plasmid has
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Fig. 1. Four restriction fragments containing all or part of the lactose operon transcription
initiation regimL lac z is the region coding for ~-galactosidase. lac i is the region coding for
the/ac repressor. The startpoint of transcription for/ac operon mRNA is shown by a vertical
line through only the upper strand, cap, p and o represent the binding sites for the CAP-cAMP
complex, RNA polymerase and lac repressor respectively. A partial restriction map and
distances between restriction cuts are shown (Dickson et al., 1975; Gilbert et al., 1975).
The 95 bp A l u I fragment is within the 144 bp DNA.

a single £coRI site. HindII 789 bp DNA was digested with HaeIII and HhaI to
generate the 144 bp fragment and smaller fragments. An 8% polyacrylamide
gel verified that the digestion went to completion (not shown). After purifying
the fragments, as described in MATERIALSAND METHODS, they were mixed
with pBR322 previously cut by EcoRI. T4 DNA polymerase was used to
simultaneously fill in the EcoRI site on pBR322, and remove the two nucleotides on the protruding HhaI end of the 144 bp fragment. T4 DNA polymerase
possesses a 5 '-to-3' polymerizing activity and a 3 '-exonuclease activity (Goulian
et al., 1968; England, 1971). It can thus fill in a recessed 3'-end and cleave
back a protruding 3' end. Blunt ends show no net degradation in the presence
of deoxynucleoside triphosphates (Burd and Wells, 1974).
The DNA mixture was then incubated with T4 DNA ligase and the reaction
products transformed into K coil C600SF8. The transformation outgrowth
was selected for ampicillin resistance and screened for lac promoter-operator
inserts by/ac constitutivity. About 2--3% of the ampicillin-resistant colonies
were blue on TYE-XG.AMP plates. 10 ml of chloramphenicol-amplified cultures were grown up from 12 of the blue colonies and their plasmid DNAs
isolated. Fig.3 shows an 8% polyacrylamide gel of an EcoRI digest of two of
the plasmids (lanes b and c) along with size markers generated by a HaeIlI digest
of pBE322 (lane a). Lanes b and c show a fragment migrating as a 148 bp DNA
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Fig. 2. Diagram of the procedure uasd to elone the 144 bp/a¢ fnqgment. The 789 bp HindlI
DNA (shownin F i l l ) was cut with//~m and HhaL It was mixed with £coRl cut pBR322
DNA and treated with "1'4DNA polymera~ pl~ dATP, d ~ , dTTP and dGTP. This r ~ tion f'flled in the £coRI site and removed two 3'-nueleotidu from the Hhal site. The mixture
was then incubated with T4 DNA ligsse. Further details are in MATERIAL9 ~ d METHODS.

and the linear cloning vector at the top of the gel. The 148 bp length corresponds to the 144 bp h~c fragment with EcoRI encts. Five of the twelve plasmid candidates gave the same result. Five of the remaining seven plasmid
candidates also yielded single fragments upon digestion with £eoRI. Their
lengths were about 270(2), 215(2) and 180 bp. An ltpaII digest of these plasraids was not enlightening, and they were not examined further. The orientation of the inserted 144 bp fragments was determined by a ltpaII digestion.
Lanes d, e, and f of Fig.3 show a 6% polyacrylamide gel of HpaII digest of
plasmids designated pRMW1, pRMW12 and pBR322 respectively. From the
restriction maps of pBR322 (Sutcliffe, 1978) and the 144 bp rue fragment
(Fig.l) one expects the l v~-gest fragment of pBR322 to be replaced by two
smaller fragments. If the fuc promoter is oriented toward the ampicillin gene,
new fragments will be 5 4 4 b p and 226 bp long. Fig.3d demonstrates these new
fragments for pRMW1. The 544 bp DNA is the la~est fragment and the 9,26
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Fig. 3. Polyacrylamide gel electrophoresis analysis of plasmid constructions involving 144 bp
/a¢ fragment and pBR322. Lanes a, b, c were from an 8% polyacrylamide gel. Lanes d, e, f
were from a 6% polyacrylamide gel. (a) Haelll digest of pBR322 for DNA size markers
(Suteliffe, 1978). From the top the lengths in bps are; 587, 540, 504, 457, 434, 267, 234,
213, 192, 184, 124-123, 104, 89, 80, 64. (b) E¢oRI digest of pRMW12. One fragment
migrates as a 148 bp duplex. (c) EcoRI digest of pRMW1. A single fragment migrates as a
148 bp duplex. (d) Hpoll digest of pRMW1. Fragments 544 bp and 226 bp long replace the
622 bp DNA of the pBR322 digest. (e) Hpall digest of pRMW12. Fragments 526 bp and
244 bp long replace the 622 bp. DNA of the pBR322 digest. (f) HpalI digest of pBR322
for DNA size markers (Sutcliffe, 1978), Sizes are 622, 527,* 403, 309, 242, 238, 217, 201,
190, 180, 160, 147, 122, 110, 90, 76, 67.
*Discrepancies exist between the sizes of certain pBR322 restriction fragments measured
by gel electrophoresis and sizes given by the sequence data of Sutcliffe (1978). The HpalI
"527" bp fragment is one example (Fig.3). A plot of log (size) vs. distance moved for the
622, 403, 309 and 242 bp fragments implies that the 527 bp migrates as a 507 bp DNA.
This may be due to anomalous mobility of the fragment, or small sequence differences between the pBR322 DNA sequenced by Sutcliffe (1978) and our pBR322 initially obtained
from FL Boyer. The latter appears to be the cause of at least one of the differences between
our observed Alul digest and the published restriction map (J.C. Sutcliffe, personal communication). The predicted 136 bp Alul fragment is replaced by two fragments 90 bp an~
46 bp in length due to a point mutation. Also, the 655 bp Alul fragment migrates as a 60~
bp fragment and the 226 bp Alul fragment migrates as a 240 bp fragment on a 6% polyacryl.
amide gel.
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Fir
leetrophoresb analysis of plasmid pRMW20. (a) BstNl digest
of
1727, 1060, 928, 383, 121 (8utelfffe, I978), (b)BstNI digest
of pRMW20, The 1727 band of pBR322 is replaced by a band at 1636 bp and 154 bp. (e)
HaeIll digest of pBR322 for size m~kers. See Fig.(3a) for lengths. (d) £coRI digest of
pRMW20. One fragment migrates as a 68 bp duplex.
bp DNA is sandwiched between fragments 217 bp and 238 bp long. When the
/ac promoter is oriented toward the tetracycline gene, new fragments 526 bp
and 244 bp long are expected. Fig.3e shows the 526 bp fragment and an increased intensity at the position of the 244 bp band of pBR322. Thus pRMW12
h ~ the 144 bp fragment oriented with the/ac promoter pointing towards the
~tracycline gene. Four of the five 144 bp inserts were oriented in this direction. Further verification of the 144 bp insertion was made by an AluI digest,
and by the size of an RNA polymerase transcript from isolated 144 bp fragment (L. Munson, personal comm.)
The 144 bp DNA was also cloned into the £ c o R I site of pVH51, pRMW12
DNA was purified from a 6 0 0 ml culture and the 144 bp fragment cut out with
EcoRL The fragment was separated from the cloning vehicle on an 8% polyacwlamide gel and recovered by the method of Maxam and Gilbert (1977). It
was mixed with EcoRI cleaved pVH51, treated with Ugase and transformed into
E. ¢oli MO cells as described in MATERIALS
-"
ny candidates were grown in 10 ml cultures a n d their plasmid DNAs isolated.
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Gel electrophoresis of the EcoRI digested DNAs showed that all candidates had
the 144 bp insert. The orientation of inserted fragments was determined from
a HpaII digest of pVH51 (Hardies et al., 1979) and the plasmids. Results demonstrated that the lac fragments were oriented with the promoter transcribing in the direction defined by the single sites EcoRI -~ KpnI -~ HindlI of
pVH57. (data not shown). This plasmjd is designated pRMW26.
(b) Construction o f plasmids carrying a 64 bp Hpa/I-Hha/lac fragment

The DNA fragment extending from 81 bp to 18 bp behind the transcription
startpoint of the/ac operon can be obtained by cleaving the lac 203 bp DNA
fragment with HpaII and HhaI (see Fig.l). This fragment has strands of 62 and
66 nucleotides. We will refer to it as the 64 bp fragment. Three fragments are
generated by this digestion: the 81 bp fragment containing the operator, the
64 bp fragment carrying the CAP site, and the 58 bp fragment carrying part
of the i gene. The 81 bp and 58 bp DNAs have four additional bases on one
end. The fragment mixture was purified and added to pBR322 DNA which
had been converted to linear molecules by cleavage at its E c o R I site. The T4
DNA polymerase reaction was performed as described earlier for the 144 bp
fragment. The polymerase is expected to remove two nucleotides from the
HhaI end of the 64 bp fragment and fill in the recessed HpaII end with dCpdG.
This fragment, when ligated to the filled in EcoRI termini of pBR322, will
regenerate EcoRI sites at both of its ends. Although the other two fragments
may be i n s e ~ into pBR322, EcoRI sites will not be regenerated on both ends.
After the DNA polymerase reaction, the fragments were treated with T4
DNA ligase and then transformed into E. coli C600SF8. The 81 bp operatorcontaining fragment provided an internal control for the efficiency of fragment insertion and transformation; 10% of the ampicillin resistant colonies
were lac constitutive, i.e. blue, on TYE-AMP-XG agar plates. 25 white colonies
were selected and grown up in 10 ml cultures, their plasmid DNAs isolated,
digested with £coRI and screened for the presence of a 64 bp fragment. Fig.4d
shows an 8% polyacrylamide gel of an £coRI digest of the plasmid designated
pRMW20. The single 68 bp fragment corresponds to the size expected. 3 of the
25 colonies gave 68 bp fragments. Orientation of the fragment was determined
for pRMW20 by cleaving it and pBR322 with BstNI. This restriction endonuc]ease cuts at the same site as EcoRII. Figs.4a and 4b compare fragments
generated by the BstNI digestion of pBR322 and pRMW20. The uppermost
fragment of pBR322 (1727 bp) is replaced by a slightly shorter fragment
(1636 bp) and a 154 bp fragment in pRMW20. This is consistent with t h ¢ 6 4 bp
fragment being oriented toward the tetracycline gene (Sutcliffe, 1978, Fig.l).
An AluI HindII double digest of pRMW20 also verified the internal AluI site
on the lac fragment.
The 64 bp DNA together with the 144 bp fragment were cloned into the
~coRI site of pVH51 DNA. The 64 bp fragment was excised from pRMW20,
separated from t h e plasmid vector on an 8% polyacrylamide gel and purified
from the gel (Maxam and Gilbert, 1977). It was mixed with the 144 bp frag-
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lrq~5. Plasmid constructions described in the text. Several u n i q u e restriction sites are s h o w n
to describe orientations of the lac fragment i m e r t ~ Restriction enzymes abbreviations;
R-EcoRI, l~BamHl, l~H/ndH, K-KpnI, P-PstL The thicker line denotes t h e / o c fragment and
the horizontal arrow the transcription orientation o f t h e / a c promoter.

merit carrying E¢oRI ends and with pVH51 linear molecules obtained by
£coRI cleavage. The DNAs were incubated with ligase and transformed into
£. colt MO cells as before. Colicin resistant blue colonies were grown up and
their plasmid DNAs examined by electrophoresis On 1% agarose gels. Two
single plasmids showed a size increase of approximately 200 bp. After cleavage
of these plasmid DNAs with £coRI, two fragments of the expected size (68
bp and 148 bp) were d ~
on 8% polyacrylamide gels. Restriction digestion of one candidate was carried out with HpaII and with BstNI. The results
were consistent with a head to head arrangement of the two/ac fragments.
The 144 bp DNA is oriented with the promoter transcribing in the direction
EcoRI -, KpnI -~ Hindu (data not shown). This plasm!d is designated pRMW30.
The plasmid constructions described in this paper are summarized in Fig.5.
DISCUSSION

A novel method of in vitro DNA recombination was employed to construct
plasmids containing/ac promoter fragments. The plasmid constructiom were
made to provide a convenient source for generating milligram quantities of the
144 bp and 64 bp fragments shown in Fig.1. The 144 bp fragment contains the
promoter, operator and CAP sites. The 64 bp fragment contains the CAP site.
The ability of T4 DNA polymerase to simultaneously fill in or cleave back
the~
0r
prm
W
unk
ment~ imtialiy cut by HaeIII and HhaI or byHpaII and HhaI. The plasmid re-

,
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TABLE I
DONOR AND VECTOR RESTRICTION SITES COMPATIBLE WITH SITE REGENERATION
Restriction-endonuclease ends on donor fragments and plasmid vectors which may be made
flush by T4 DNA polymerase to regenerate the original vector restriction ends on the inserted fragment~ aThe list of potential donor sites is not complete.
Vector site

Donor sites

Endonuclease

Sequence

£¢oRI

G~A A T T C
C T TAAtG

BamHI

G~G A T C C
C C T A GtG

SalI

G~T C G A C
CAGCTtG

HindIII

A~A G C T T
T TCGAtA

Requirement on
flush ends

Restriction
endonucleases

q

HaeIII, HpaH, HhaI
AluI, KpnI, EcoRII
XbaI, TaqI, SacI
Ball, FnuDII or Thai

5'-T

Sail, XhoI

sThe joining of donor sites HaeIH, Hhal and HpaII with £coRI recipient sRes was demonstrated in this work with T4 DNA polymerase. £. coli DNA polymerase I has been used for
site regenerating fragment insertion with the HaeIII donor sites and EcoRI recipient sites
(Backman et al., 1976). M. luteus DNA polymerase has also been successfully used to combine H~III and AluI donor sites into an £coRI site (Hardies et al., 1978) and HpaII, Taql,
HaeIII and AluI sites into £coRI - Sail recipient sites (K. Bertrand, personal communication).
The later two enzymes can "fill in" recessed 3' ends. It is uncertain if they can remove protruding 3' ends of duplex DNAs because of their 5' exonucleue activity.

ceptor site was EcoRI. For these particularfragments £coRI sitesare regenerate& This made it possible to cleave these fragments from the plasmid. Regeneration of EcoRI siteshas been previously demonstrated for fragments cut by restrictionendonucleases which leave flush ends (Backman et al.,1976; Hardies
et al., 1979). The method described here extends the range o f restriction fragments which m a y be inserted into a restriction site of a plasmid and cleaved
back out (Table I). The success rate of the m e t h o d appears to be good. 5 of 12
" b l u e " colonies screened contained the E c o R I excisable 144 bp f r ~ e n t . 3 of
25 colonies screened for the 64 bp fragment gave the expected fragment size.
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