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LETTER TO THE EDITOR 

Nucleotide Sequence of the Gene for Bacteriophage T7 
RNA Polymerase 

Differences between two previously published nucleotide seyuences for 
bacteriophagt T7 gene 1 have been resolved. The revised sequence has eight 
changes from the sequence that was used to compile the complete nucleotidr 
seyuence of T7 DNA. The revisions do not change the total number of nucleotides 
in T7 DNA or the predicted number of amino acids in T7 RNA polymerase. Only 
one of the changes introduces any change in predicted cleavage sites for known 
restriction endonucleases, and the correctness of the revised sequence at this 
position has been confirmed by cutting T7 DNA with the appropriate enzyme. 
However. thP revisions do make a substantial difference in the amino acid 
seyuenre predicted for T7 RNA polymerase: 37 of the 883 amino acids are 
rhanged, 35 because of a shift in reading frame for one stretch of 37 amino acids. 
The predicted reading frame through this region now agrees with that predicted 
for the same region of the homologous T3 RNA polymerase. The calculated 
molrcular weight for T7 RNA polymerase is now 98.856. 

We have recently published a nucleotide sequence for the entire bacteriophage T7 
DNA, 39,936 base-pairs (Dunn C!L Studier, 1983). The only part of this sequence 
not determined by us was nucleotides 3283 to 5901, the region that contains most, 
of the coding sequence of gene 2 (T7 RNA polymerase, 3171 to 5822), a promoter 
for T7 RNA polymerase (5831 to 5853) and an RNAase III cleavage site (5847 to 
5899). The sequence we used for nucleotides 3283 to 5821 was determined by 
Stahl & Zinn (1981), who sequenced a cloned copy of gene 7 (3127 to 5821), and 

the sequence we used for nucleotides 5822 to 5901 was determined by Oakley 8 
(Joleman (1977). who sequenced an HpaTT fragment directly from T7 D?;A (5764 
to 5901). 

Grachev & Pletnev (1981) have also reported a sequence for nucleotides 2858 t’o 
5855, but t’heir sequence is different from ours in six places in the region where the 
two sequences overlap, and it disagrees with the Stahl & Zinn (1981) sequence in 
an additional 37 places. We used the Stahl &, Zinn sequence in compiling the 
caomplete sequence of T7 DNA because it was in complete agreement with out 
sequence in the region of overlap. and with all of the restriction mapping we had 
done. The Grachev & Pletnev sequence: on the other hand, was discrepant, in 
several respects with our restriction mapping data, most notably in restrict’ion 
sites for AvnII, B&NT, EcoB and XmnI. 

Tn terms of the biology of T7, the most serious discrepancies between the Stahl 
bi Zinn and the Grachev & Pletnev sequences for gene I are the four places where 
single nucleotides are inserted or deleted relative to the other sequence. These 
insertions and deletions shift the reading frame for translation, giving sequences 
that predict substantial differences in the amino acid sequence in two regions 
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TABLE 1 

Revisions to the AYahl & Zinn (1981) nucleotide sequence for 

7’7 gene 1, and to the Dunn & Studier (198.3) nucleotide sequenw 

for T7 DNA 

Stahl & Zinn 

A(;-‘1 

(:TT(’ 

(Y:T(: 

‘I”& 

TTT( ’ - 
(‘T(:(’ - 
‘IY ‘( ‘( : i 

DNA strand 
Krvised ~ecpen’edt 

‘-\(:(:A 1. r 

(:‘I’ (’ 1. i- 

(‘T(:(’ 1. 1 

T’IYY ’ 1 

TIY ‘( ( I 

(‘TA(’ r 

‘I‘( “I-( ’ T 1 

Hyphens in sequences have been omitted for clarity. 
t The I strand has its .i’ end at the genetic left end of TTDNA: the I strand is its cwmplement. 

totalling about 20 amino acids. The problem was compounded by the recent 
determination of the nucleotide sequence of the R?U’A polymerase gene of a related 
bacteriophage. ‘IX, by McAllister et al. (1983). Their sequence of this homologous 
gene agrees with the Stahl & Zinn sequence for two of the four insertions or 
deletions, and agrees with the Grachev & Plrt’nev sequence for the other two. 

Because of the central importance of T7 RNA polymerase in the biology of T7. 
the interest in the enzyme itself, and the quest’ion of evolutionary divergence 
between the T3 and T7 RNA polymerases, we decided to resolve the discrepancies 
between the previous nucleotide sequences by making a third independent 
det’ermination of t,he nucleotide sequence of gene 1. In so doing. we have 
sequenced the entire region of T7 I)XA not previously det’ermined by us, that is, 
nucleotides 3283 to 5901. This was done by the techniques of lMaxam 62 Gilbert 
(1979) on fragments of D&A isolated from wild-type T7 phage particles. Because 
sequences were already available, the majority of the region was sequenced on one 
strand only, and not every restriction cleavage site was overlapped. Thr sequence 
we obtained seems unambiguous. and agrees with at least one of the previously 
published sequences at every position. The changes from t’he Stahl & Zinn (1981) 
sequence (and therefore the changes from the sequence given by Dunn & Studier. 
1983) are listed in Table 1. The revised nucleotide sequence of gene 7 and the 
amino acid sequence it, predicts for T7 RNA polymerase are given in Figure 1. 

Only one of the changes from the Stahl & 7’ ,mn sequence creates or eliminates 
predicted cleavage sit,es for restriction endonucleases whose specificities are 
currently known (Roberts. 1983). The Q-T to T-C: change at position 4498 to 4499 
(Table 1) eliminates t~he AafT (GA-(~-C&W’) and HgiTIT (G-Pu-(I-G-Py-C) 

FIG. 1. Suc~leotide sequenw of Ti gene I mKSA am1 predicted amino acid sequence of T7 KSA 
polymrrasr. Thr genr I mKSA is the product of KS.4aselll cleavages (Dunn & Studier, 1983), and 
corresponds to nucleotides 3139 to 5887 of the I strand of T7 DNA (see Table 1 for definition). The 
I)NA just past the coding sequence mntains a promoter for Ti DNA polymrrase that initiat,es RX4 
(<hains at nu&otidr 5848 (Oakley & (Weman. 1977). 



5 -R~GTRCCRTlT~CTR~ClCGR~GRGGCRCTR~RlGRRCRC~llRRC~lCG~lflRGRRCGRC 
tIEI RSN TtiR ILE RSN ILE RLR L”5 RSN RF 

10 

TTClCTGRCblCcRRClGG~TGClRTCCC~llCRRCRCl~TGGCl~CC~ll~CGGlGR~CGlllRGCl~~GRRCRGliGGcCCTlGR~CRTGRGTCTl 
PHF SER ASP ,iE II” LE” ALR RLR ILE PRO PHF RSN THR LE” RLA 0% n,s TIR U” Gc” RRG LL” RLR RRC au GCN LE” ALA LE” U” Ii15 CL” SER 

20 30 40 

RCGRGRlcG~lcRRGCRCG~TTCC~RR~TGTlT~~~TCRRCTlRR~GCT~TGRG~llGCGGRTR~CGCTGCCGC~RR~ClCTC~TCRClRCCCT 
T”R CL” RET ix” U” RLR RRG PHE RRC LIS l4ET PHE uu RRG WN LE” LIS RLR CC” CL” “AL RLR RSP RSN RLR RLR RLR LIS PRO LE” ILE THR TM7 KU 

50 60 70 

RClCCCTRR~RTGRlTGCR~GCRTCRRCG~CTGGTrrcnCGR~~RGT~RR~ClRRGCGCG~CRRGCGCCC~CRGCCTTC~RGTTCCTGC~R~RRTCRRG 
IEU PRO LIS “ET ILE RLR RRG ILE RSN ASP TRP P”E au CL” “RL i”S ALA LIS RRG cc” 115 ARG PRO THR RLR P”E GCN P”F LEU CiN GLU ILE 1”s 

80 90 100 110 

CCGGRRGCC~TRGcGlRCRiCRCCRTinRGRccncicrcG~RRlRCRRCC~TTC~GGCTG~RGCRRGCGC~RlCGGlCGGG 
PRO cn” ALR “RL RLR TIR iii THR ILL L”S THR THR LE” RLR C”5 LE” THR SER RLR RSP RSN THR THR “RL CiN RLA “AL RLR SER RLR liE Gil RRG 

120 130 140 

CCRlTGRGGriCGRGGClCG~TTCGGTCGT~TCCGTGRCC~TGRRGCTRR~CRCTlCRRG~RRRRCGTlG~GG~RCRRCl~RRCRRGCGC~TRGGGC~CGT 
RLR ILE cc” RSP GL” RLO RRG WE [h” ARG ILE ORG RSP LE” CL” RLR LIS HIS PM L”S LIS EN YRL EL” uu CLN LE” RSN L”5 ARG YRL cc” “is YRL 

1% 160 170 

CTRCRRGRR~GCRT~lRTG~R~GTTGTCG6GGCTGRCRT~CTClCTRRG~lCTRCTCG~TGGCG~GGC~TGGlCTlCG~GGCRTRRGG~~GRClClRTT 
TIR L’S LIS !xA PHE ET G(N “RL YRL CL” ALR !w PET LE” SER L”S ci‘i LL” LEU a” er GLU RLA IRP SER SER TRP H15 LIS cc” RSP SER ILE 

180 190 200 210 

CRTGTRGGR~TRCGCTGCRiCGRGRlGCiSnrrCRGTCRdCTGGCGT~G~RGGTCR~GR~lClGRGRCl~ 
Hi5 “RL GL” YRL ORG cc ILt cc” WT IE” ILE CL” SER THR cc” “ET YRL SER LE” n15 ARG GM ASN RLR Lx” “RL “RL SLY GLN RSP SER au TtiR 

220 230 210 

TCGRRCTCGtRCCTGRRTRtGCTGRGGCT~TCGCRRCCC~TGCRGGTGC~ClGGCTGGC~lCTClCCGRiGTTCCRRCC~TGCCTRGTT~CTCCTRRGCC 
ILE Gc” LE” RLA PRO mu TIR I1LR rji” ALA ILE RLA THR RRC RLR a” WA IE” RLR CL” ILE 5ER PRO “ET PHE GLN PRO CIS “RL “RL PRO PRO L”S PRO 

250 L60 270 

GlGGRCTGG~RTTRClGGT~GTGGCTRTl~GGClRRCGGiCGlCGTCC~~TGGCGCTGGiGCGTRCTCRCRCiRnCnnRGRRR~CRCTGRlGC~ClRC~RGRC 
IRP TtiR RI ILE THR CL” GLY CL” TIR TRP RLR RSN CL” RRG RRG PRO LE” RLR LEU YRL RRC TtlR “IS SER L”5 L”S iliR LE!. MT RRG TIR au RSP 

280 290 300 3,O 

CIllACRlG~CTcRGGTGl~CRR~GCGRTiAACRlTGCG~RRRRCRCCG~RTGGRRR~T~RRCRRGRRR~lCClRGCGG~CGCCRRCGT~~TCRCCRRGl 
YRL TIR tlET PRO CL” YRL TIP L”5 RLR ILE RSN ILE RLA GiN RSN THR RLR TRP L”5 ILE RSN L”5 LY5 “AL LE” RLR “AL RLO RSN YRL liE TtiR L”5 

320 330 340 

GCRRGCRTT~TCCGClCGR~GRCflTCCCT~CGRTTGRGC~TGRRGRRCT~CCGRlGRRR~CGGRRGRCRiCGRCRlGRR~CClGRGGCT~lCRCCGCGTG 
TRP LE H15 CIS PRO “RL CL” RSP ILE PRO RLR ,iE CL” RRG au CL” LL” PRO MT LE PRO CL” FlSP ILE RSP WT R5N PRO ch” RLR LEU THR ALR TRF 

350 360 370 

GRRRCGTGCiGCCGCTGCTdrCrRCCGCR~GGRCRRGGCiCGCR~GTCT~GCCGTRTC~~CClTG~GTT~~TGCTlG~G~RRGCCR~TR~GTllGClRRC 
L”S RRG RLU RLR RLR ALR Y9L TIR RRG LIS RSP LIS RLA RRC LYS 5ER RRC RRG ILE SER LE” iji” PM tliT LEU CLU CLN RIR RSN LYS PHC RLR RSN 

380 390 100 110 

CRTRRGGCC~TClGGTTCC~TTRCRRCRT~GRClGGCGC~GlCG?GTlT~CGClGTGTC~RTGTTCRRC~CGC~RGGTR~CGRTRlGRC~RRRGGRClGC 
H,S i”5 RLF7 ,LE TRP PHE PR3 TIR RW MT RY TRP ARG CL” ARC “RL TIR ALR YRL SER WET PHE RSN PRO GLN CL” A5N RSP ET THR L”S a” LE” 

420 430 140 

lT~CGCTGctGRRRGGTRR~CCRRTCGGT~RG~RGGTl~CTRCTGGCl~RRRRTCC~C~GTGCRRRCl~TGCGGCTGT~GRTRRGGTT~CGllCCClGR 
LEU THR LE” RLR 115 Gi” L”S PRO ,iE CiI L”S au cl” TIR TIR IRP LE” LIS ILE tics Gc” ALR A% CIS LliR GCI YRL R.sP L”S YRL PRO PHE PRO WI 

450 460 410 

GCGCRlCRR~TiC~llGRG~RRRRCCRCG~GRRCRTCRl~GCTTGCGCT~RGlClCC~C~GGRGRRCRC~lGGTGGGCT~RGCRRGRTl~TCCGTTClGC 4700 
RRC ILE LV P”E ILE Gcu CL” RSN n,s CL” R5N ILE ClFT RLA C”5 RLR LIS 5FR PRO LE” Gil. RSN THR IRP TRP RLA Lx” RN RSP SER PRO PBE CIS 

480 490 500 510 

TTCCTlGCGiTCTGCTllG6crRccciccCG~GTRCRGCRC~RCGGCCTGR~CTRTR~CTG~TCCCllCCG~TGGCGTTTG~CGGGTCTTG~TCTGGCRTCC 4800 
P”E LEU RLR PHE CIS WE CL” i”R ALR c(” YRL CLN “,S n,s CiY LE” 5ER TIR RSN CE SER LE” PRO LE” RLA P”E R5P ar SER cc SER GLr ILE 

520 530 510 

AGCRCiTCl~CGCGRTGCltCGRGRTGR~TRGGlGGlC~CGCGGllRR~lTGClTCCT~GTGRRRCCG~TCRGGRCRl~TRCGGGRTl~lTGCTRRGRR 4900 
GLN HIS PM SER RLR HET LE” RRG RSP Lx” “RL GLI CL” RRG QLR “RL RSN LE” LEU PRO SER au THR “RL GCN R5P ILE TIR GLI ILE “RL RLA L”5 LYS 

55D 560 570 

AGTCRRCGR~ATlCTRCRRtCRGRCGCRRiCRRTGGGRC~~TRACGRR~lAGTTRCCGiGRCCGRTGR~RCRCTGGT~RRRTCTCTG~GRRRGTCRRG 5000 
“RL RSN CL” ILE LE” RN ALR RSP RLA iiE RSN R” THR ASP RSN au “RL WL its “RL THR RSP U” RSN itiR cc” cu ILE SER cc” L”S “AL 1‘15 

580 590 600 SID 

ClGGGCRCT~Rw;CRCTGG~TGGrcRnicCcrcGcrrncCGlGTTRCTC~CRGlGlGRC~RRGCGTTCR~TCRTGRCGC~GGCTlRCGG~TCCRRRGRGl 5100 
LEU CL” THR LIS RLO LE” RLR ar GLN TRP IE” RLR TIR CL” “RL THR 67% SER YRL THR L’iS RRG SER YRL MET T”R LEU ALR TIR ar SEA L”5 ix” 

620 630 510 

lCCGCTTCC~lCRRCRRGT~CrCCRRGRT~CCRTTCRGC~RGClRTTGR~lCCGGCRRG~GlCTGRTGT~CRClCRGCC~RRlCRGGCT~CTGGRTRCRT 5200 
PHL a” P”E RRG UN RN “AL IE” c&u R5P THR liE RN PRO ALR ILE 119 SER a” 115 Gc” LL” MET P”E THR RN PRO R5N Gil4 RLR RLR Gil TIR nEi 

65C 660 670 

GGCTRRGCT~RTTTGGcRRiciCrcncccicRCGiGRCGGTGGT~GCTGCGGlT~RRGCRRTGR~CTGGCTTRR~TCT~TGCT~RGClGCT~~TGCTGRGGlC 5300 
RLA LIS it” ILE TRP au SER YRL SER “RL T”R “AL “RL RLR RLR VW GL” RLR tlET ASN TRP IE” LIS 5ER RLR RLA 115 IF” LE” RLR RLA CL” VW 

680 690 700 710 

RRRGRTRR~RGRCTGGRG~GRTTCTTCG~RRGCGTTGC~CTGl~RTl~GGTRRCTCC~~TGGlllC~ClGTGTGGC~GGRRTRCRR~RRGCCTRTlC 5400 
L”5 R.5P LY5 L”S IHR CL” c3.u ILF LEU ARG 115 RRC CIS RLR “AL Ii15 TRP “RI THR PRO RSP GL” PHL PRO “RL TRP [;iN CL” TIR L”S L”5 PRD ILE 

720 730 7.0 

RGRCGCGCliGRRCClGRT~TTCCTCGGTL‘RGTTCCGCT~RCRGCCTRC~RTTRRCRCC~RCRRR~TR~CGRGRTlGRiGCRCRCRRA~RGGRGTCTGG 5500 
WN Ttm RRG LEU RSN LE” MEI WE LE” CL” cui PM ARC LE” co. PRO TtiR ILE A% T”R A% LIS RSP SER Gc” ILE ASP RLR n15 LIS WN CL” SER CL” 

7x 760 770 

TRTCGClCCiRRClT?GTR~RCfiGCCRRG~CGGiAGCCR~CTTCGTRRG~CTGTRGTGT~GGCRCRCGR~RRGlRCGGR~TCGRRTCTT~TGCRClGRTT 5600 
ILE RLR PRO RSN WE “AL HIS SER CiN R5P l;i” SER “1.5 LLU ARG 115 THR “AL YRL TRP RLR n15 CL” L”5 TIR CiI ILE cc” 5ER PHE ALR IL” ILE 

780 790 800 810 

CRCG~~CTCC~TCGGTRCC~~TCCGGCICR~CCTGCGRRCCGTCTTGTGR~GTRCTGGCTG 5700 
HIS RSP SER PHE GL” THR ILE PRO RLR RSP RLR ALA RSN LEU PHE L”S RLR YRL ARC ecu T”R HLT YRL ASP THR TIR CL” SER CIS RSP “AL IE” RLR 

820 830 8.0 

RTTTCTRCG~CCRGTTCGC~~CCRGTT~RC~GTCTC~RlTGGRCRR~RTGCCRGCR~TTCCGGCTR~RGGlRUClT~RRCClCCGT~RCRlCTlRGR 5800 
ASP PHE i”R R5P cu. PHE OLR ASP UN LE” HIS CL” SER c&N LE” RSP L’S MET PRO RLR LI” PRO ALA LIS Lx7 A% IEU RSN LE” IRC RSP ,iE IE” U” 

85P 860 870 

GTCGGRClT~GCGTlCGCGiRRCGCCRRR~CRRTRCGRC~CRCTRTRGR~GGRCRRRCT~RRGGTCRTl~GCRRGRGl~CCTTTRT~3~ 
SER RSP PHE RLR P”E RLR 

880 

FIG. 1. 
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TABLE 2 

Predicted amino acid composition of T7 RNA polymerasP 

cleavage sites that are predicted by the Stahl & Zinn sequence. We have 
confirmed the absence of an HgiT)T site at t,his position by analyzing the pattern 
of fragments produced from T7 DNA by t,his enzyme (obtained from New 
England Biolabs). 

The changes in the predicted amino acid sequence are much more extensive, 37 
of the 883 positions being affected. Two of these changes are due to base 
substitutions at nucleotides 4498 and 4590 (amino acids 443 and 474): the others 
are due to a shift in reading frame between nucleotides 4331 and 4442. affecting 
amino acids 388 to 424. This reading frame for T7 RNA polymerase is now the 
same as that for t’he equivalent’ region of T3 RSA polymerase. as predicted by the 
,McAllister et al. (1983) nucleotide sequence. The amino acid composition 
predicted by the revised nucleotide sequence is given in Table 2: the calculated 
molecular weight for TT RXA polymerase is now 98.856 instead of 98,092. 
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