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ABSTRACT
The nucleotlde sequence of the E.coll metF gene (888 nucleot ides) ,

coding for 5-10 methylene tetrahydrofolate reductase, has been determined.
The metF gene product was Identified In maxicells and found to be a
protein of subunit molecular weight 33,000, in agreement with the size
of the coding region. The start ing point for metF transcript ion was deter -
mined by SI nuclease mapping. No structural evidence was found for
an attenuation mechanism regulating the independent metF t ranscript ional
uni t . Comparison of the regulatory region preceding the metF s t ructural
gene with the 5' flanking region of the metBL operon shows some homology
spanning 24 nucleotides. These homologous sequences could be operator
s tructures belonging to the two transcript ional un i t s , metF and metBL,
and recognized by the same regulatory protein.

INTRODUCTION

In E.coll K12, the genes involved in methionine biosynthesis are scat-

tered throughout the chromosome (1) . Genetic evidence suggested that

the expression of all the met genes is subject to a common negative regu-

latory mechanism (2 ,3 ,4 ) . Four of these genes are clustered (5,6) at

position 88 minutes of the E.coli chromosome map (1): metB (cystathlonine-

•y-synthase), metL (aspartokinase II-homoserine dehydrogenase I I ) , metF

(5-10 methylene tetrahydrofolate reductase) and metJ (the presumptive

aporepressor of the met regulon) .

We have previously cloned the metJBLF gene cluster in plasmld vectors

(7) . The physical map of the Insert and the localization of the cor res -

ponding genes have been established (7). Moreover, the nucleotide se -

quence of the metB and metL genes and of their flanking regions (8 ,9) ,

has been determined. Analysis of these s t ructures confirms the genetic

evidence (10) that metB and metL form an operon.

The expression of the metF gene is repressed by methionine. Expres-

sion is also repressed by an intracel lular accumulation of vitamin B , ,

that occurs when it is added to the growth medium (11). Genetic s tudies
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with several lambda bacteriophages t ransducing the metJBLF cluster sug-

gested that metF possesses its own promoter, and therefore forms an

independent t ranscrlpt ional unit in the cluster (12).

The metF gene product (5-10 methylene tetrahydrofolate reductase)

catalyses the synthesis of N-methyl tetrahydrofolate which is the donor

of the methyl group of methionlne (13). Although the protein has been

purified (14), it has never been sequenced and there is no data on

its molecular weight or quaternary s t ruc tu re . In the present paper, we

describe the s t ructure of the metF gene and its 3' flanking region and

the identification of i ts promoter.

MATERIALS AND METHODS

Enzymes and materials

DNA polymerase large fragment, and different restr ict ion endonucleases

were obtained from New England Biolabs. T4 polynucleotide klnase was

from Boehringer. Acrylamide was from BDH, urea and boric acid from

Serva, hydrazine from Eastman, dimethyl sulfate from Aldrich. All other

chemicals were analytical grade or purer mostly from Merck. Phenol (Carlo

Erba) was d i s t i l l ed .

Nucleotide sequence determinations

The nucleotide sequences were determined by the chemical method of Maxam

and Gilbert (151.

E.coli K12 bacterial s t ra ins and growth media

Media used are described in Miller (16). Strain N100 (17) is recA,

galK. Strain Gif 881-L (4) Is metJ, thrA. Strain CSR603 (18) is t h r - 1 ,

leuB6, proA2, p h r - 1 , recAl, argE3, uvrA6, lacYl, galK2, xy!5, m t l -1 ,

rpsL31, t s r33 , supE44, t h l - 1 , ara-14.

Cloning of a promoter region

Alul fragments of the pMAD4 plasmld (7) were purified on 4% acry l -

amide gel and cloned into the unique Smal site of pKO-1 plasmid vector

(17). N100 strain (GalE T K ) was used for transformation experiments

(17) and selection was made on MacConkey galactose ampicillin (50ug/ml)

pla tes .

Preparation of labeled DNA probes

pMAD4 DNA (7) was restricted with Pvul , yielding 4 fragments which

were purified on a 6* acrylamide gel. The 1.8 kb fragment carrying the

distal part of the metL gene and the proximal part of the metF gene

was res t r ic ted with Hindi and Rsal, before 5' end labeling with y- P-
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ATP (3000 Ci/mmole) and T4 polynucleotide kinase. The two strands of

the HincII-Rsal fragment (198 nucleotides) were separated as described

by Maxam and Gilbert (15) except that 50% dimethyl sulfoxide was used.

SI nuclease mapping

Mapping of the transcription start ing point with SI nuclease was per-

formed as described by Aiba et a l . (19) and as previously reported (8).

RESULTS AND DISCUSSION

DNA sequence of the matF Rene

The E.coli metF gene was cloned in pBR322 (7) and located in the

result ing pMAD4 plasmid near the single EcoRl s i t e , at the right (clock-

wise) end of the 5, 7 kb bacterial DNA insert (7) . Recently, we have

shown (8) that the metF gene and its flanking regions should occupy

a sequence of approximatively 1160 nucleot ides, presented in Figure 1.

The sequencing strategy is indicated in Figure 2. Analysis of the sequence

presented in Figure 1 shows than an open reading frame begins at position

109 and ends at position 996. Hence, the direction of transcription of

the metF gene is clockwise (the same as that of the metBL operon).

Identification of the nmtF gene product in maxlcells

Two ATG codons in phase could theoretically be the translational start

codon of the structural gene (positions 109 and 217 in Figure 1) . In

order to determine which of the two possible start codons is used, the

metF gene product was identified using the modified maxlcell technique

of Sancar et a l . (20). Maxicells of der ivat ives of CSR603 carrying different

plasmlds (pMAD4 (7), pRCG134 (7) and pBR322 (21)) were prepared and

plasmid encoded proteins labeled with S methionlne were visualized

by autoradlography after SDS polyacrylamlde gel electrophoresis (Figure 3 ) .

Both pMAD4 and pRCG134 plasmids carry the metB gene and the pMAD4

plasmid also carr ies the metL and metF genes (7) . Since the molecular

weights of the metL and metB gene products are known (Mr: 88,726 and

41,503 respec t ive ly) , we conclude that the band corresponding to 33,000

daltons is the metF gene product expressed by pMAD4 but not by pRCG134.

The molecular weight of the metF gene product deduced from the nucleo-

tide sequence is 33,065 assuming position 109 Is the translational origin

of the metF gene (Figure 1). Consequently, the metF gene is 888 nucleo-

t ides long and encodes a polypeptlde chain of 296 aminoacids res idues .

The codon usage is highly non random, and the overall codon usage is

similar to that found in normally expressed genes (22).
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TTTTC6 6TT6AC6CCCTTC66CTTTTCCTT CAT CTT TAC ATC TS6 ACS TCT AAA C6S ATA SAT 6T6 CAC AAC A£A ACA TAT

« n «ET SEt 'HE PHE HIS ALA SEI CLI AIC ASP «L« LEU ASI CLI SEI LEU ALA Ull

AAC TAC AA6 CSA nG ATE ASE TAA SET[AT^AG£ mnTCACSCCA6CCAEC66 6ATSCCCT6AATCA6AGCCT66CAfiAA

VAL CLI CIY fill ILE A l l VAL SEI PHE CLI PHE PHE PIO PIO AIC THI SEI CIU ttT CLO C l l THI LEU TIP ASI SEI ILE
ETC CAS ESS CAE A n AAC G n TCG TO GAG TTT n c CCS CCS CGT/CC A6T 6AA[STgGA6 CAS ACC Q E TE6 AAC TCC ATC

200 VI

ASP A I 6 LEU S E I S E I LEU LTS PIO LTS PH[ VAL S E I VA1 THI T T I CLY A1A ASI SEI CLT CLU Al f i ASP AIC T H I H I S S E I

6AT CSC CTT A6C AEC CT6 AAA CCS AA6 TTT STA TC6 ET6 ACC TAT GSC 6CG AAC TCC GGC SAG C6C SAC CST ACE CAC A6C

H E ILE LYS CLI ILE LTS ASP AIC THI CLT LEU C1D ALA ALA PIO HIS LEU THI CTS ILE ASP ALA THI PIO ASP CLU LEO

A n A n AAA SEC A n AAA GAT CSC ACT GST CT6 EAA SC6 6CA CCS CAT CTT A H TSC A n 6AT SC6 ACG CCC SAC SAE CT6

400

Alfi THI ILE ALA AIC ASP TTI TIP ASH ASI SLY ILE AIC HIS ILE VAL A1A LEO AIC CiY ASP LEU PIO PIO CLY SEI GLT
CSC ACC A n SCA CSC SAC TAC TSE AAT AAC G6T A n CET CAT ATC GTE SC6 CT6 C6T E6C BAT CTE CC6 CC6 G6A AGT GST

LYS PIO CiU HET Til ALA SEI ASP LEU VAl THI LEU LEU LTS CLO VAL ALA ASP PHE ASP ILE SEI VAL ALA ALA TYI PIO

AA6 CCA 6AA AT6 TAT 6CT TCT SAC CT6 ETG ACS CTE n A AAA &AA 6T6 ECA SAT n C 6AT ATC TCC 6TE 6C6 6C6 TAT CCE

CLU VAL HIS PIO CIU ALA LYS SEI ALA C U AJ.A ASP LEU LE« ASI LEU LYS AIC LYS VAL ASP ALA CLY ALA ASI AIC ALA

SAA6nCACCCGSAA6CAAAAA6C6CTCA66C6SATn6CnAATCT6AAAC6CAAA6T6 6AT6CCSGASCCAACC6C6C6
coo

ILE I»» CLI PHE PHE PHE ASP VAL CLU SEI TTI LEO AIC PIC AIC ASP Alt CYS VAL SEI ALA CIV ILE ASP VAL CLU ILE

A n AfT CA6 TO TO m EAT ETC SAA ASC TAC a s CGT m C6T SAC CGC TET ETA TCE SCE 66C A n EAT ST6 SAA A n

ILE PIO CIY ILE LEU PIO VAL SEI AS! PIE LYS CLI ALA LYS LYS Pit AlA ASP KCT THI ASI VAL AIC ILE PIO ALA TIP

A n CCE 6SA A n n E CCE 6TA T a AAC TTT AAA CAE SCE AA6 AAA TTT 6CC SAT AT6 ACC AAC ET6 C6T A n CCG SC6 TG6
MO

BET ALA OLI K IT PHE ASP CLY LEU ASP ASP ASP ALA U . 0 T N I A I C LYS LEU «AL U l ALA ASI ILE ALA RET ASP HET VAL

ATS SCG CAA ATS n C SAC GST CT6 GAT SAT GAT 6CC SAA ACC CGC AAA CT6 E n G6C GC6 AAT A n SCC ATE SAT ATE ST6

L Y S I L E L E U S E I A I C C L U C L Y V A L L T S A S P P H E H I S P H E T T I T H I L E U A S I A I C A L A C I U K I T S E I T Y I A L A I L E C Y S H I S

AA6 A n n A AEC CGT 6AA SSA GTE AAA SAT n C CAC TO TAT AC6 OT AAC C6T G O SAA AT6 AET TAC 6C6 A n T6C CAT

THI LEU CiY VAL AIO PIO CLT LEU «n4

AC6 CT6 CCG E n CSA CCT GET n A TAA AFA 6TC TGG LTT TO TEA AAA TCA CAC AET GAT CAC AAA m TAA ACA SAG CAC
T w o

AAA ATE O S CCT C6A AAT SAS 56C ESS AAA ATA M S n A TCA SCC TO m TCT CCC TCA n A O T GAA G6A TAT SAA SCT

AAA A a C n m TAT AAA S U m 6TC CEA/TJ CSS A U TAA TCA AAA AA6 C n AAT TAA SAT CAA m GAT CTA CAT CTC

L ------ 1?M

m AAC CAA CAA TAT ETA ASA TC
1IM

Figure 1
Sequence of the E.coll K12 metF gene and Its flanking regions. The given

sequence is thatof the noncoding s t r and . The deduced aminoacid s e q u e n c e
for the correct reading frame is shown. The -35 and -10 regions of the
BlfitE promoter are underlined with a thick l ine , S.D.i ribosomal a t tach-
ment s i t e . The boxes indicate the two possible start codons (positions
109 and 217) in phase, discussed in the text . The Hindi (H), Alul (A),
Rsal (R) si tes U3ed to identify the promoter (see text) are indicated.
The single EcoRl (E) site limiting the right end of the inser t in the
pMAD4 plasmid (7) 13 also shown. The nucleotides downstream of the
EcoRl site (E) are sequenced from pRCG112 (7) . A 16 bp long palindromic
sequence and the sequence TAATCAA underlined with arrows and with
a broken line respectively are character is t ic features of a potential rho
dependent terminator (see t e x t ) .
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.100 bp.

FiRure 2
Restriction map of part of the pBR322-met (pMAD4) hybrid plasmid

(7) corresponding to the metF gene and its flanking regions. In addition,
the restriction map of the 70 nucleotides from pRCG112 (7) downstream
the single EcoRl site which limits the bacterial Insert of pMAD4 is in-
cluded .

Localization of the m e^f promoter

Since the metF gene constitutes an Independent transcriptional unit

in the metJBLF cluster (12), a transcriptlonal regulatory region must

be present upstream from the structural gene. We first located the metF

promoter on a small DNA fragment and then determined its exact position.

1 2 3 Flaure 3 35
— «—^ - Autoradlogram of S methionlne-labeled proteins

from maxicells preparations, run on 12.5%
-•—94 sodium dodecyl sulfate polyacrylamide gel.

" -_67 Lane 1 through 3, derivatives of CSR603
carrying respectively the following plasmids:
pRCG134, pMAD4, pBR322. The cells were grown

^ ^ -•—"Jo in the presence of tetracyclin. The positions
^ ^ ^ ^ ""~*H,O of marker proteins run on the same gel,

with their corresponding molecular masses are
mtm ^mm "\C\ shown. The 41.5 kd marker corresponds to
_.._. cystathionlne- Y-synthase, kindly provided by

Sy Tran Van.

^20
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An Alul-Alul fragment of the pMAD4 plasmid was cloned into the pKO-1

plasmid vector (17) harboring the easily selectable RalK gene. The Alul-

Alul fragment is 758 nucleotides long and the sequence of 113 of its

nucleotides (up to its 3' end) is presented in Figure 1 (position 1 to

113). The RalK gene is not expressed by the starting vector pKO-1 and

this plasmid cannot complement a GalE T K host (17). However, when

fused in the proper orientation, the 758 bp Alul fragment controls RalK

expression and the resulting recombinant plasmid confers a Gal phenotype

to a GalK strain. This shows that the Inserted fragment contained a

promoter and detailed restriction analysis confirms the structure of the

insert.

In order to define the promoter more accurately, the 758 bp Alul-

Alul fragment was digested with Hindi, and the resulting mixture was

cloned into the pKO-1 vector. The metF promoter was then located on

a 104 bp HlncII-AluI fragment, the structure of which was checked by

DNA sequencing (positions 10 to 113 in Figure 1).

Identification of the transcription start of the metf Rene

The region regulating transcription initiation of the metF gene was

identified by SI nuclease mapping. Total RNA wa s extracted from cells

derepressed for the met regulon. The metF specific mRNA was allowed

to hybridize with a single stranded HlncII-Rsal DNA probe (198 bp, posi-

tions 10 to 207 in Figure 1), labeled in 5' at its Rsal end. The hybrids

were then digested with SI nuclease and analyzed by polyacrylamlde

gel electrophoresis. The starting point for transcription was determined

by comparing the length of the shortened probe with that of fragments

obtained after chemical cleavage (Figure 4).

The results showed that the 31 end of the undigested DNA is located

169 to 171 nucleotides from the Rsal labeled end (positions 37 to 39

of Figure 1). Because of the imprecision of the technique, we could

not unambiguously identify the nucleotlde at the 5' end of the transcript.

Corrections were made for the differences in migration of the fragments

generated by SI nuclease and the corresponding fragments produced by

chemical cleavage (23). After making the corrections, we conclude that

nucleotides 38 to 40 of Figure 1 represent the transcriptlonal start of

the metF gene, and we can locate the -35 and -10 regions of the metF

promoter (underlined in Figure 1). The -35 region shows an almost perfect

fit (5 out of 6 nucleotides) with the consensus sequence (24) and it

represents a specific site for Hindi endonuclease as was often reported
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Figure 4
Identification of the starting point for metF transcription by
SI nuclease mapping. A 190 bp Rsal-HincII single stranded DNA
probe (51 labeled at its Rsal end) containing the metF control
region was hybridized with RNA extracted from a strain
derepressed for the whole met regulon (grown in M63 glucose)
and treated with SI nuclease. The protected fragments
(Lane 1) were loaded in parallel with the products of the
A + G sequencing reactions of the original probe (Lane 2)
on a 8% acrylamide 8M urea sequencing gel.

(27). The Pribnow box (here CATCTT) is separated from the -35 region

by 17 nucleotides, which is the optimal distance for promoter efficiency

as shown by several recent studies (see reference 25 for a review).

Further analysis of the DNA sequence situated upstream from the metF

gene

As was observed for the metBL operon (8) no specific structural fea-

tures implying an attenuation mechanism (26) is found in the DNA segment

between the promoter and the translational start site for the metF gene

(see Figure 1).

The existence of a pleiotroplc regulatory gene (metJ) (2) points to

a negative control mechanism and to the existence of an operator for

each transcriptional unit of the met regulon. As seen in Figure 5, there

is a homology between the DNA segment situated between positions 40

to 63 in Figure 1 with the operator like structure of the metBL operon.

This homology is consistent with the fact that these two structures must

possess affinity for the same regulatory protein. From this comparison,

we propose that the DNA fragment containing the nucleotides 40 to 63
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operon
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netBL 5' G C T C A

31 C G A 6 T

35

• e t F 5' T T T A C
gene

3 1 A A A T G

A T C T

T A G A

A T C T

T A G A

ATA

T A T

G G A

C C T

G C A A i A G A A

C G T TT C T T

55

G T C T l A A A C

C A G A j T T T G

T T T

A A A

GAT

C T A

A G A T

T C T A

A G A T

T C T A

G T C C A

C A G G T

G T G C A

C A C G T

Figure 5
Proposed operator-like structure for the metBL operon and for the

metF gene. Numbers correspond to the position of the nucleotides In
the sequences given, for metBL In (8) and for metF In Figure 1 of this
paper. The transcription starting point of the metF gene is indicated
by a star and that of the metBL operon is located twenty nucleotides
upstream from the sequence presented. The boxes indicate identities bet-
ween the two sequences presenting a two fold rotational symmetry. The
symmetry axis Is Indicated by an hatched vertical line.

located immediately downstream from the transcription start point is a

plausible operator region for the metF gene. Additional data are needed

to establish these sequences as the sites of action of a regulatory protein.

Finally, the Initiator codon of the metF gene is preceded by a typical

ribosomal attachment site (27) (SD in Figure 1). Another result justifies

the choice of the metF start codon in position 109 as opposed to position

217 (see Figure 1). The 198 bp HlncII-Rsal fragment (positions 10 to

207 in Figure 1) was shown to contain a promoter and a translational

o
c

3

2

1

o
o
o

DC

8
We

I, I

— I »

I

metF

Figure 6
Positions of the stop codons in the sequence spanning the metF gene

and its flanking regions (1238 nucleotides of Figure 1), drawn by a
computer programm adapted by Bernard Caudron, Instltut Pasteur. Vertical
lines indicate the positions of the stop codons in the three reading frames,
using the direction of transcription of metF.
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Initiation signal by cloning In a suitable plasmid (Belfaiza and Saint-

Girons, unpublished results).

Possible transcription termination signals

The nucleotlde sequence of the 3' flanking region of the metF gene

was determined by partially sequencing both pMAD4 and pRCG112 plasmids

(7). The insert in pRCG112 is about 1.2 kb longer (clockwise) than the

bacterial insert of pMAD4. The 70 supplementary nucleotides corresponding

to the region immediately downstream from the EcoRl site at the right

end of the insert in the pMAD4 plasmid are shown in Figure 1. The

sequencing strategy is presented In Figure 2.

In Figure 6, are presented schematically the positions of the stop

codons in the 1238 nucleotides of Figure 1. The analysis of the sequence

downstream of the metF stop codon shows that the longest open reading

frame represents 144 nucleotides. We can conclude that within the 238

nucleotides downstream the metF stop codon, no gene long enough to

code for a protein of a reasonable size can be found in any of the three

possible reading frames. Also no typical structural characteristics of

a rho independent transcription terminator (24) can be found. However,

in a region about 160 nucleotides beyond the end of the structural gene,

some structural features of a rho dependent terminator (24) can be identi-

fied. Immediately preceding a TAATCAA sequence showing an almost perfect

fit with the consensus sequence CAATCAA (24), we find a 16 bp palin-

drome, with an AT rich region in its immediate vicinity. Despite these

structural data, it remains to be seen whether or not the transcription

of metF terminates by a rho-dependent mechanism.

In conclusion, the structural results presented here, along with the

identification of a promoter upstream from the metF gene and the tentative

identification of a transcription terminator region downstream from the

stop codon of the metF gene confirm the genetic evidence that metF cons-

titutes an independent transcriptional unit.
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