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December 1976
Memo NAR-64

Specific excision of the inserted DNA sepment from hybrid
Blasmids constructed by the poly(dﬁ)-poly(dT} me¢thod,

H. Hofstetter, A. Schambdck, J. vin den Berg and C, Welssmann,
Institut fur Mclckularniologic I, Universitie Zirich,
8093 Zirich, Switzerland. NOV 1 Recp

Under conditions designed to give selective denaturation of

DNa, endonuclease S specifically apd cfficicntly exvises a

DNA insert from g hybrid at the poly(dA)-pnly(dTJ junccions,

The hybrid plasmid PG (Maniatis et al., Cell 8, lo3), 200

ug/ml, was digested in 45% wiv formamide, 0.2 M NacCl, 1 mM

ZnS04, 30 mM Na acctate (pH 4.5) with 600 units/ml $; endo-
nuclease (Wiegand et al., J. Biol. Chem. 250, 8848) for 30 min
at 509, This treatment cleaved the DNA into only two fragments,
The smaller one, with an average of 575 base pairs, was somewhat
heterogencous and contained ail or the globin Specific sequences.

Since §1 endonuclease is rapidly inactivated under the incuba-
tion conditions described above, the cancentration required for
optimal cleavage (about 10 times that which would be required
in the abscnce of formamide) must be determined ¢xperimentally,
Underdigestion results in a somewhat larger, more heterogeneous
Product, while overdigestion reduces the size of the globin DNA
fragment and Ciauses an additional cleavage in the larger DNA
piece.

Several viraj DNAs, in particular A, p29 and T7 DNA gave defined
and characteristic cleavage patterns upon 51 endonuclease
digestion at optimized formamide concentrations,

(Bioch. Biophys. Acta, 1976, in press)

December 19}'6]
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Generation of New restriction sites by mutation in bactc:iophage TS5

John Davison ang Francoise Brunel 0CT 16 pepp

MRC Unit of Virolcﬁy‘ University of Glaspgow.
Prasent Address: Beatson Instituto for Cancor lesoarch, Garscube
Estate, CGlasgow, GOL.

Buctoriephagu T5 1s ingensgitive to in vive rostriction by the

L restrictlon system, although the Ty has six Bea uL sites in
vitro. We havo isolated mutants of T5 whiehi are sonsitive teo
A P
in vivo Beo Il restriction and have fenctleally mapped thosg
mutations in the Fipsg Step Transfor FST) portion or the gonoma
(i1.e. that portion of DX4 whiech entors the coll in the first 10 minutus
aftep infection).
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Screening Agt Recombinant Clones by in situ

Hybridization to Single Plaques

David Benton and Ronald W, Davis
Department of Biochemistry
Stanférd University School of Medicine
Stanford, California 94305
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ABSTRACT

A rapid, direct method for screening single plaques of
\gt recombinant phage is described. The method allows at least

106 clones to be screened per day and simplifies physical containment.

of recombinants.




Recombinant DNA technology has made it possible, in principle, to
isolate large quantities of DNA corresponding to any single gene. This
isolation has been accomplished in any of three ways: (i) purification of
the gene or its transcript before insertion into 2 vector for cloning (1);
(11) genetic selection of the desired gene after shotgun (2) cloning the

genome of the donor organism (3); or (iii) using complementary RNA or

DNA probes to screen clones produced through a shotgun experiment. The

first method is lirr-lited by the practical difficulty of physicall.y'purifying the
complete nucleic acid sequence of any gene. Application of the second is
limited to genes for which appropriate mutations are available in hosts
which can express foreign genetic information. The third method is
limited only by the availability of complementary nucleic acid probes aﬁd
has been the most widely applied.

Screening methods have been developed for both recombinant
plasmid (4) and bacteriophage (5, 6) cloning systems. The most rapid
of'these, the methods of Grunstein and Kramer, are based on a technology
developed by Olivera and Bonhoeffer (7) for growing and lysing cells on
membrane filters. The speed and simplicity of these methods is limited
by the need to pick and spot plaques or colonies from plates onto filters
for further growth. We have found that a single plaqﬁe of a Agt recombi-
nant phage contains enough phage DNA for detectable hybridization to
complementary labelled nucleic acid and that this DNA can be fixed to a
nitrocellulose filter by making direct contact between the plaque and the

filter. These findings have allowed us to develop a method for screening




e ——

recombinant phage which has significant advantages over previous methods:

(i) Physical containment of recombinant molecules (and organisms carryiné
them) is ma.cie simpler because this method requires fewer manipulations

of viable phage, requires the growth and handling of much smaller qué.ntities _
of recombinant DNA-containing phage and cells, and produces no
contaminated materials other than the petri dishes on which the plﬁques are
grown. (ii) Atleast 2 x 104 plaques can be screened per hour (8), vé_hich :
compares with about 100 per hour by the fastest previous method (6). (iii-j Because :
up to 2 x 104 plaques can be screened on 2 single petri dish and nitrocellulose
filter, the method requires smaller amounts of materials, 'including.'
radioactively-labelled probe. (iv) Because sc reening can be done directly
from the transfection plé.te, .all the independently~-constructed phage containihg

similar or identical inserts c'a_n be isolated and individually characterized.

. This can give information on the heterogeneity of repeated genes or of genes

from different somatic tissues.

We be lieve tﬁat this method will be widely applicatle and we, ther'.efore,
present it here in detail. Preliminary experiments and the model system
used for optimization are also descriﬁed.

Cells (9) are infected with phage, plated in L-soft agar on L-plates,

and grown for at least 12 hours at 37°C. Large plaques are usually desirable
and 0.1 ml of late log phase cells per plate has been found to give large |
plaques of many Agt phages. The number of phage v»lrhich can be plated on a
single petri dish depends on the relative grcl:\.*‘-:h rates of the desired
recombinant and the backgroun& phages (see below). After growa;th, the
Iplates are placed at 4°c for about 15 min to harden the 2gar. Phége and

DNA are transferred to a nitrocellulose filter by placing the dry filter

(88 mm, Millipore HA or Schleicher.and Scheull, BA 85) on the lawn,

being careful ;o form no air bubbles between the soft agar and the filter.

Dhaca are allawead ta adsarh ta the filters for 1-20 min. - If duollicate'
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filters are desired, several filters can be adsorbed sequentially for 30-60 sec
each or filters can be stacked and adsorbed at once. If filtefs are s-tacked,
they must be allowed to adsorb for at least 20 min. During adsorption, it
is convenient to mark the filters and plates for orientation (see be.low).
Following adsorption, the filter is carefully lifted from the p].a.te to avoid
removing the soft agar layer which occasionally adheres to the £1lter.
Should this occur, the agar can be removed by gently shaking the filter
during the denaturation and neutralization steps. DNA and phage are
denaturéd and fixed in situ .'by dipping the filters in 0.1 N, NaOH, 1.5 M .
NaCl for 20 sec and the filters neutralized by dipping in 0. Z-M_'. tris,
pH 7.5, 2 x SSCP (11) for 20 sec. Filters are blotted and baked at 800(3
1n\&c_u;9__forl 5 to 2 hours. -

~ Hybridization to the nitrocellulose replicas is carrl.ed out in a
silit-:onized glass petri dish using 105- 106 cpm of 3ZP--13.}3f—:}.}_a-'zc"l probe (10)
per filter in enough 5 x SSCP, 50% formamide to cover all filters.
Hybridizations are typically for 12-18 hours° Buffer and probe .ca.n. be
recovered and reused for at least two weeks. Following hybrldlzatmn,
filters are washed in a large (10-15 ml/ Filter) volume of 5 x SSCP, 50%
formamide at 42°C for 30 min. and then for 20-30 min in 2 x SSCP at room
1:e:mpeJt'a.’ot.\r»s:e The filters are then covered with plastic wrapping film
and placed against X-ray film for autoradiography. 24-48 hours of

exposure is usually sufficient with a homogeneous probe of specxfxc

5 .6 :
activity of 10 -10 cpm/ mg. X-ray intensifying screens {(Kodak X-Omatic
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Regular) have been used with flash-activated film at -70°C to shorten
exposure time.

The method described above should be generally applicable to all
recombinants of Agt phages. The experiments described below ﬁsed the
phage Agt-Sc 1109 (6, 12) in model systems to optimize the metho&._ .
Phage grown on E. coli »x{C600 for less than 9 kours give negligible
autoradiographic signals; 12-14. hours of growth is optin-'xa.l.  Although :
T-plates generally yield 1arger plagues, these apparently contain fewer
phage particles and less DNA than comparably sized plaques grﬁwn On. h
L-plates, since, at 2all groﬁh times, nitrocellulose replicla.é <-:»f T -plates
gave lower signal than those of L-plates (13). |

To determine. the maximum number of plagues per i)la.te whiéh
can be screened under various relative growth conditions, two
experiments. were 'perfo-rmed. In the first, to model a'situatic-m in
which the background groivs much better tha.n the desired recombinant 2
phage, a small ﬁumber of Agt-Scll09 phage were grown fogether with
inc'feasing numbers of Agt2 (14) phage. No effect on signal was apparent
up to a2bout 2000 pfu/plate, butlthel signal was weak and variable with
more than 4000 pfu/plate. In the s-econd competition experiment, Agt-~
| Scll09 was plated with increasing numbers of kg;-«?tB, which has
approximately the same plaque size as the recombinant phage. In this
case, sufficient signal waé obt ained with more than 2 x 104 pfufplate.

A practical rule seems ;‘.o be that the method will accommodate the
greatest number of plaques that does not produce confluent lysis.

Time of phage and DNA adsorption to the nitrocellulose replica

filter does not seem to be critical; adsorbtion times of 1-60 min have
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been used and little differenc;a. noticed. Very long adsorbtions resulted
in slightly'r-nore diffuse plaquéuspots on the nitrocellulose replicas and
the autoradiogz.-arms.' Stacks of at least five filters can be adsorbed at
one time to produce replicates (for hybridization tc-> seve_ral diffgrent
probes, for example). For most applications, better replicates are
produced by sequentially placing the filters on the plate for a brief
adsorption to each (Fig. 1).

Dipping the nitrocellulose replica directly into a beaker of
denaturing or neutra;lizing solution does not result i.n loss of signal
or in distortion of the shapes or relative positions of the plaque spots..
Denaturation and neutralization ti_mes.of 0 to 60 sec all give aéceptable_
results; 15-20 sec of each is optimal, giving an approximately 2-fold
incréase in signal over either no denaturation or no ﬁeutralizatibn; -

Baking the filters before hybridization is not necessary, but in this

model system the signal was increased approximately 2-fold by baking

fo::: 90-120 min.

Following autoradiogfaphy, it is necessary to align the autoradiogram
of the nitrocellulose replica with thé original plaque plate to allow picking
.cif the plaques corresponding to positive signals. The most reliablé
system we have used for this alignment involves labeling the filters and
plates during adsorption by puncturing the filter at 3 points around its

circumference with a hypodermic needle and injecting 0.1-0.2 pl India
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ink into the agar at each point. The ink diffuses very little during the

2 da;ys normally required for hybridization and autoradiography and
allows absolute orientation of the filters, autoradiograms, and plates.
From a plate with more than 1000 plaques, we normally pick about 20
plaques from the area of each positive signal for rescreéning and; plague .

purification. Once pure clones are obtained, the sizes and restriction

spectra of the inserted DNAs can be rapidly determined by the method

of Camerxon, et al (15).

The large capacity and speed of this method make it practical, -
we believe, to isolate a eukaryotic unique gene by screening all f}:;e :
recombinants produced through shotgun clomng the entire genome..
This should make possible 1solat10n of a large number of genes for

which physical or genetic pur1f1cat10n schemes are not avalla.ble-
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ll. SSCP is Standara oaukx
1x =120 mM NaCl, 15 mM ‘NaCitrat e, 13 mM xrn,: ~ 4
1 mM EDTA, titrated to pH 7.2 with NaOH

Agt-Scll09, the gift of R. Kramer, is a recombinant Agt phage
which carries 2 EcoRI fragments of Saccharomyces cerevisiae DNA,
one of which carries the 5°8 S and 26 S rRNA genes. Approximately
5% of this phage's DNA is complementary to rRNA.

T-~plates = 1% Bacto tryptone, 0.5% NaCl, 1% Aga.r, made to pH 7. 5
with NaOH. :

L-plates = 1% Bacto tryptone, 0.5% Bacto yeast extract, O. 5% NaCl
1. 25% Agar, made to pH 7.5 with NaOH.

soft agar in each case is 0.7% in Agar.

Agt2 [Agti in Struhl, et al (3)] and AgtAB were the gifts of M. Thomas.

J.R. Cameron, P. Phlhppsen, and R.W. Davis, oubmltted to
Nuc Acids Res.
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Nich toothp?cl‘ s
L plate (the ma

to 2 nitroczlivlos
""‘11 remain onthe
cells will grow no r}..a 1l
r plate at ‘-:!)C- : .
We pu.uch our own filters from 293mm dia
Theseare .boiled three times in water to r
: (layered between filter pa2par) for 5 min. (fast
The filters shrink a large and variable amount unde
' so it is important to keep to this time. Millipore svpply 2 90mm X2
filter whi ch is too large to fit into 2 stzndard petri dish {8Smin. internal
dizmeter )~. I have been told ‘tha thes's shrink sufficiently during autcc claving

to fit into a petri dish but we have nc:!: tried this. c

The following steps are parformed by plac:ncr the filter on ’blot‘c:lﬁcr P‘.‘-\P:;.r

saturated with the ap'oromrlate 521Es, . . A il

Place :Eilf:er on O. 5N NaOH for Tmin.

.Lrans;ar fo 1 0 Trls/HG‘! pri7, 4 ior Zmin,

.

T ra*:.sfer to 2 second 1. 0“- Trxs]*—ICl p*—I? for van

- .

'I'ran'sfer to 1. EMNa_Gl, 0. SNETrisfH Cl pr7. 4 for 4min. |

Transier to 2 filter block 2rd suck hard for lmin.

>

Wash \ﬁth Zﬁérnl. Xt OT—L and suck 4ry.

Bake vnder vacuum 2t 80. C for 2hrs.
-iate 32P la helleé RNA 1n 50,3 Aormamlc'*s, e
at 42 C _u, ta xes a’bouc. 0. 7rm2) R

'(10) Moisten the filter with the 2pprop
' ' 5xssc. z2nd incubate unfer oil for about ]2 hrs.
2 - ‘_\. -\ _, é\ lJ"I'\ }) ':JA‘_'D.U—\‘

ilter where possible. For 2 Cil.SCLEv“‘O"). o.E this hybridisat;

it
gness PNAS in press. -

to molisten a filter
We use >54105 cpm.
Stf:}“.i 5 1

in 50%.formeamide Srsst.
in 2¥ssc. a2t roan temp
in 10pg. /ral. RNAse in 2xssc.

Sni2.ssc. et BB
y 25 _




. May ‘20, 1976

Par,
I 11 try to describe the procedure conplately. Je don't have é‘grdtocél
notations written up yet, but. L'11 send:you one when we do. We're
ng wth ¢4 bugs growing in individual 'walls in Microtiter plateés so our = °°
rements are different then yours. To grow up colonies on filters for
dization, we use cookie sheets with fittef aluminum 1ids. These 2re ~°
d_with hard agar with tetracycline 2nd 6 4%" squares of Whatman 3 :
“are~placed on-the surface "and-allowad to” wet™thru: ~Then Wz replicate--——--———————
x12 array of bugs on to the surface of the 3MM squares with a 144 ; 5
-'bed of mnails’ replicator:~ The buos are-grown overnlcht*at 370 S LT
ria growing.over tetracyclins containing medium, become 1ntensely :. g
escent so- growth-is readily--assayed- ‘by- looking- at—tbe—flrlta:s ~with-U*
. (By the way to prepare the filters we,simply cut 4" squares from
MM paper - -and--autoclave them..-You-can number- them-with-a- Sbarp:e—narklng
efore autoclaving and the label will survive all the subsequent proc3dures
er-growth .of -bacteria irmediately over .the marking-is.inhibited.—If -you —.
r too n2ar the edge, you run the risk of loosing the marking due to
atic amputation.during batch workup of-the. filters,_so you may. want_to ..
each filter twice if you do this.) To work up the filters we simply plop
into a plastic.dish pan with.0.5.N NaO4 and. wash them gently for about .
inutes and then change the old stuff with fresh 0.5 N NaOH for another
inutes. Then we wash the filters twice with 0.5 YW\Tris for 2.5 minutes
Then we wash twice with 1 x SSC, again for 2.5 minutes each. Then
sh twice with 95% ethanol for 2.5 minutes each and allow the filters to
ry. Hybridization is dome at 37 overnight or longer in 50% %ormanide,
. _We try to have 100,000 CPM/ml of pure probe. Then autoxadiography
few days gives black spots. After hyhrldlzatlon we wash the filter
' times with 2XSSC and then RNase at 37° for 1 hr with 20 micrograms/ml
eatic RNase. If high background is a real problem, you can wash the "
rs in Waltham tap water or 0.0l x SSC. This reduces the level of
dization somewhat. But we really haven't hagd problems with backoraund‘. 2
usually just wash the filters with 2 X SSC. It frequently ‘takes a
f washing; we usually monitor the supernatant by Cherenkov counting.
ilters are usually still hot by monitor (Geiger tube) (not very hot) ,
ive lovely radioautograms. Be gentle with the filters, they're only
If you see hunks of filters floating a avround during the mashes, slow
Air dry when done washing and autoradiograph. S
Miscellaneous: It takes about 6 ml to wet our &% squares of 3 IMM. Ve
dize in plastic sandwich boxes or taller freszer containers. Tha lab
qumber is 617-647-2434 if you have any questions. I'm also sending
atest poop sheet from Stanford on techaiques for nitrocellulose f11ters.
ve simplified denaturation and washing of the filters by simply placing
ilters on pﬂoer soaked with the different reagents. Isor iatroduced us-
e use of pa . Ee noticed that whan colonies are lost from the nitrocellulose
= lducing m""“l“;, thara wasa't hvbridization. Reoasoning that.a .'D¥A print’

ot tha source of hybridization, riad naper Filters since the bugs
grow down into tha paper and thu& not be lost dvring procgessing.
Sincerzly,
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