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1. Introdnciion

Wevhav;e isolated and purified a DNA-dependent
RNA polymerase from phage SPO1-infected B, subitilis.
SPO1 is a large, virulent virns of B. subtilis [1] whose
transcription program is shown in fig, 1. Eagly RNA
{e, em) which appears within the first minute after in-
fection, independently of ¥iral protein synthesis, can
be synthesized » vitro on native SP01 DNA template -

by purified E. coli or B. subtilis RNA polymerase.
Middle RNA {m, m, %, m,%) also first appears before
SPD1 DNA replication but the capacity 1o make this
RNA derives from viral gene expression. Late viral RNA
‘{2) appears after the onset of SP01 DNA replication :
[2—5]. We show here that a RNA po}ymemse,ﬁnﬁiﬁed
from cells 10 min after infection at 37°C directs the -
synthesis of middle RNA transcriptions in vitro,

2. Methoeds o 7

B. subzilis 168 M {indole™) gmwih mfem:on with

phage SPO1, preparation of uniabeled in vivo RINA and '

of viral DNA were done as described px=v1@usly [23. _
RNA polymerase was prepared from disrupted cells -
{grows in CHT medium [2] with 0.4% nutrient broth -

and 0.25% yeast extmct} ]@ min after ]ngh mu]hphmiy '

infection with wild type viras. The method is similar

1o thoss previ ous]y published by others’ Ie, 7]
‘the following steps, in-sequence: high speed tem:mfnga-
tion at high ionic strength, (NH4)2804 fractionation -
“of the Supérnatant, chrmn’ﬁogmphy ©on AZarose, DEA’E

cellulose; calf- thymus DNA cellulose and phcsphocel— g L SPDJ ixansmp"hon program. -nm hme of First appeai- | i

Julose. Details will be published elsewhere. Other
imethods are mc’hcated in ﬂm :ﬁgme caphons

mvol\nngg R

3. Results and discussion

Three majoi' fractions of RMNA polymerase activity
were resolved by DNA cellulose chromatography of
enzyme from infected cells. One of these fractions was
passed over phosphocelulose to remove host initiation
factor 16, 7] and locsely associated proteins to yield
“phage infected cors™ which has a relatively high speci-
fic activity on phage SPD1 DNA. 3H-labeled RNA was
synthesized with native SPO1 DNA {(in excess) by in-
fected *“core™ polymerase for only 2 min with initia-
tion limited to 30 sec by the additien of rifampicin and
was subjected to hybridization competition with in vive

" RNA (fig. 2). Unlabeled chloramphenicol (CM) RNA

{o; e, ewz) and RNA isolated 28 min after infection
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Fig. 2. Hybridization competition of phage core RNA polym-
erase-directed SP01 RNA. Hybridization of i vitro synthesi-
zed [PHIRNA 1o SPD1 DNA was competed by unlabeled RNA
from SPO1 infected B, subtilis: (c—o—o) CM {12 min) ealy
RNA; (o—o—) 10 min middic RNA; X)) 21 min lzte
RNA {o—o—o) mixed competition, (.51 mg/mi CM (12 min)
RNA with increasing concentrations of 10 min RNA. [PHIRNA
was synthesized at 36°C with 180 pg/mi SPO1 DNA, 22 pg/ml
RNA polymerase, 1 mM each of ATP, GTP-and £T?, 0.1 mM
[PH)UTP {290 cpm/pmole), 0.1 mM EDTA, 0.1 ml4 DTT,

0.8 mM spermidine and 10D pgfml bovine serum al>umin
which were preincubated 10 min. Synthesis was started by
making the sample 10 md MgTly; rifampicia (5 pg'mil) was
added at 3D sec. After 2 min, the reaction was stopped by
addiag EDTA and 3D5, and the RNA was exiractes. with
phenol, Hybridization competition followed {4], with 0.02
pgfml [PHIRNA and 10 pe/ml SPO1 DNA. Input radicactivity,
798 cpm. Hybridization in absence of competing RNA:

535 cpm. Radioactivity bound to membrane in absznce of
DNA: 4 cpm.
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F:tg, 3. Anii—mestenger rcomem -93‘ in wrm RNA. RNAase

-resistance of RNA-RNA duplexes was assaved according D
‘ {[9] {o—o—-—o) o412 mm) early RNA; {»—e—»3 0.73 mpfml -

M (12 min) and 3 increasing amounis of 10 min RNA; 0.64 gxgiml :

: {3H]RNA syxmx‘aslzcﬁ as 'ﬁescnbz:d in :ﬁg. 220X 1135 cpmj’pg’)

' PEBSLETTERS

- August 1973

_ Table 1 - .
R}NA RNA duplexes ‘tbﬂween in vive anﬂ in vitrd RNA. ‘

In wm RNA RNAase mes:siance after ] h) ?xm- 3
" dization
R )

CM (12 min) )

10 min . S 20

28 min ' 18

none .6

The assay was carried out according to {91 Witk 1.4-1.5 mg/
ml in vive R¥ -, and 0.04 pgfml in vitro [PHIRNA. '

( ; m,%, 8, some n1; R) compste significantiy less well
than middle in vivo RNA (®; em, m, 1,2, some m,%).
A mixsed competitor assay shows middle RNA ran-
scripts predominating in the [PH]RNA: a fixed amount
of unlabed CM RNA competes againsi early species in
the >H-labeled in vitro RNA; the substantial competi-
tion by added cold 10 min RNA (®) now involves
middle RNA only. It appears that neither ¢ early RNA
nor its complement is made since there is little addi-
tional competition by CM RNA {e, em) in 2 mixed
competitor assay with 10 min KNA; the latter should
compeie out middle RNA and em1 RNA {data not
shown). In contrast, [°B]RNA synthesized in vitro
with holoenzyme from vninfected B. swbzilis is known
to be early {€ and @) RNA: chloramphenicol RNA is
a very effective competitor, but 28 min late RNA and

" 10 min middle RNA ase not 15, 4].

The asymmeiry of the RMA synthesized i vitro by
phege-infected “core” polymerase was measnved by
BNA—RMA duplex formation with unlabeled in vive
RNA [9]. SPO1 RNA synthesized in infected ceils does.
not contain a substantial fraction of anti-messenger. (No
combination of labeled #n vivo RMA with excess un-
labeled in vivo RINA converts more than 6% of radioactiv-

ity to RN Aase resistance.) However, several preparations

of in »itro RNA contained varying proportions of
material complementary te ix vivo RNA. The 2 min

 invitro RNA with the hlghesi anti-messenger c@mgm
T is dsscnbed dn tabls 1

- invivo messenger {fj; 5. 3) shows that a smb:sianhal frac-
~ tion of it i3 anti-early RNA and anti-late RNA but that
. the middle RNA is asymmeiric, This contrasts with -
- RMA synthesized under the same conditions with R’lN%
,pnlymemse cors fmm uninfected B. subtilis which i is.
’lug'lﬂy symmetnca} ansi »amams anix—mxddxe RNA. 5

. FPurther analysis of the anti- -
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SDS :acxylmmde gel eleclmphoms;s of phage-lnfecied
“ucme” shows the «, B angd j? subunits of host RBNA

-po];ymarrase, one additional pD]ypoIldB and a trace of -
another., The latter two ,)olypepndes appear.not to be . -

, present in comparably purified core RNA polymerase
from uninfected cells. The phosphocellulose chroma-
tography [6, ‘7] which generates the phage infected

“core”™ separates a fraction which stimulates RNA syn- -

thesis on SP01 DNA with RNA polymerase core and
behaves, in that respect, like host o factor. The specific
ability of infected cell core enzyme to synthiesize
middle RNA transcripts is not list on a second passage
over phosphocellnlose or on sedimentation through a
‘high salt glycerol gradient. . '

- Three novel properties of this enzyme should be

ernphasized: 1) It is a virus-modified, purified, relatively

stable RNA polymerase which retains transeription
‘specificity for viral transcripis that are noi iranscribed
-by unmodified bacterial RINA polymerase. By way of
contrast, the exhaustive and detailed analysis of £, coli
RNA-polymerase modificarion after phage T4 infection
has yielded no comparable result {reviewed in [10]).
In fact, only one comparable prior report deals with a
very unstable enzyme that transcribes the left half of .
phage A DNA [11] but, unaccountably, not from the
-in vivp promotor which is located near the opposite
end of linear A DNA. i) The enzyme appears to exe-
ente two steps of the control sequence of viral gene
expression (fig. 1): it direcis the synthesis of middle -

RNA; apparently it does not direct the synthesis of | (e) o
early RNA which is shut off after the first few minutes .

in vivo. How these control functions are exerted,.
whglheuf they involve @ single modification of the RNA
‘polymerase core, or whether they can be uncoupled -
[5]; remains to be ﬁueiermmed i) The. tenzyme has
-some transcriplional spemﬁm‘ty ‘but'is @ “core™ in “the -

“commoxly :aecep‘ted mezning of the term. Its pr@pemes:

might be taken as .cnmrranﬂn,nng the o modél of tran-
scriptional control, at least in its smnplesi form. But,

“does-a tightly bound peptide function here, like o fac- + -
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