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The Leptospira biflexa rpsL and rpsG genes were sequenced. Although similar in many respects, proteins
encoded by these L. biflexa genes had several unusual features when compared with homologous proteins of
other organisms. Unlike the rpsL genes of other eubacteria, the L. biflexa rpsL gene is adjacent to a rpoC-like

gene.

The genus Leptospira is part of a distinct and ancient
branch of the eubacteria (5, 21, 30). This genus contains two
genetically diverse species: Leptospira biflexa (saphro-
phytic) and L. interrogans (pathogenic) (1, 14, 15, 31). Little
is known about the genetics of these bacteria. There are no
known mechanisms for genetic exchange among members of
the genus Leptospira, thus precluding the use of classical
genetic techniques to study these bacteria. To circumvent
these difficulties, we have used molecular cloning techniques
to analyze Leptospira genes (32, 34). The results of those
and other studies suggest that Leptospira genes may be
organized differently from homologous genes in other bac-
teria (7, 25, 33, 34). In this report we present an analysis of
the nucleotide sequences of two L. biflexa genes which
exhibit significant sequence similarity to the Escherichia coli
ribosomal protein genes rpsL (encoding ribosomal protein
S12) and rpsG (encoding ribosomal protein S7).

(A preliminary version of this work was presented previ-
ously [R. L. Zuerner and N. W. Charon, Abstr. Annu. Meet.
Am. Soc. Microbiol. 1987, H-151, p. 164].)

The L. biflexa serovar patoc strain Patoc I rpsL and rpsG
genes were cloned on plasmids pZC300 and pZC301, which
have been described previously (34). Both pZC300 and
pZC301 were isolated by complementation of an argE mu-
tation in E. coli AB1157 (34). The L. biflexa DNA cloned in
pZC300 was subcloned into M13 bacteriophage vectors and
sequenced by dideoxynucleotide termination reactions as
described previously (34). Three open reading frames
(ORFs) were detected within the sequenced DNA. The first
OREF was identified as the argE-complementing gene (here-
inafter referred to as the argE gene). The product of the argE
gene shares amino acid sequence similarity with the E. coli
B’ subunit of RNA polymerase (a product of the rpoC gene)
(34). An analysis of the L. biflexa DNA comprising the
second and third ORFs (ORF2 and ORF3) on pZC300 is
presented here. ORF2 and ORF3 were located 3’ to and
encoded by the same strand of DNA as argE (Fig. 1). Both
ORFs were preceded by a potential ribosome-binding se-
quence, AAGG. ORF2 began 196 base pairs (bp) from the
termination codon of argE, spanned 372 bp, and had the
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potential to code for a 13,932-dalton protein. ORF3 began 17
bp 3’ to the termination codon of ORF2, spanned 474 bp, and
had the potential to encode an 18,288-dalton protein. Pro-
teins corresponding to those predicted for ORF2 and ORF3
were synthesized in vitro from these cloned L. biflexa DNA
sequences in coupled transcription-translation reactions
(34).

Nucleotide sequences spanning both ORFs were used to
search the GenBank and EMBL nucleotide sequence data
bases for genes with similar sequences. ORF2 (or its pre-
dicted protein product) was similar to all available rpsL (or
S12) sequences (Fig. 2A). Likewise, ORF3 (or its predicted
product) was similar to all deduced rpsG (or S7) sequences
(Fig. 2B). Because of the similarity between these ORFs and
all known rpsL (S12) or rpsG (S7) sequences, we concluded
that ORF2 and ORF3 encoded proteins with functions ho-
mologous to those of E. coli S12 and S7, respectively.
Additionally, Southern blot analysis of L. biflexa DNA (data
not shown) showed that the cloned sequences are unique and
that other rpsL- or rpsG-like sequences are not present in the
L. biflexa genome. In E. coli the S12 protein is important in
translational fidelity (9), whereas the S7 protein is important
in ribosome assembly (27). On the basis of our conclusion,
these data provide the first information on ribosomal protein
gene organization and composition in any member of the
genus Leptospira.

In all bacteria characterized to date, rpsL precedesrpsG.
This arrangement was observed for the L. biflexarpsL and
rpsG genes. However, the L. biflexa rpsL genewas closely
linked to a rpoC-like gene (34). This genetic linkage was
unlike those of other eubacteria but was simi-lar to the
organization of the rpoC and rpsL genes of Methanococcus
vannielii (17), a member of the archaebacteria. In M. van-
nielii, rpoC precedes rpsL by a 1,061-bp segment containing
two ORFs (17). Leptospira spp. share several other unusual
phenotypes with archaebacteria, including possession of
rifampin-resistant RNA polymerases (12, 18) and an unusual
pathway for isoleucine biosynthesis (3, 4).

Several features of the L. biflexa S12 and S7 proteinswere
of particular interest (Fig. 2). The L. biflexa S12protein
showed conservation of amino acids at positions44 and 88
(Fig. 2A), which in E. coli are altered in streptomycin-
resistant mutants (9). The L. biflexa S7 protein contained
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TGAAGATGAGT TGGAAGAAGAGTCTGATGACTCGGACGATGAAGACGACGACGAT TAAACCAAACTTTGTCCCTAGTAATTCGTAAGAGTTTCTGGGGAC
10 20 30 40 50 60 70 80 90 100

M
AAAATCATGTTTTCGTTTACAAAATGTCGCTATCTGGAATTTTGGACGAAAACGTCATTATTTTTTTAAAGACAGAGAAGTAGAAGAAGGAATCGAATGC
110 120 130 140 150 160 170 180 190 200

PTINQLTIRTIGRED @KEKRTIKSPALKACPQRRGVCT
CTACAATTAACCAGCTCATCCGAATTGGAAGAGAAGACCAAAAGAAAAGAACTAAATCTCCTGCCCTTAAAGCATGCCCACAAAGACGTGGAGTTTGCAC
210 220 230 240 250 260 270 280 290 300

R VMTFTPEKIKPNSALRKVYARVYVRLTTGTIEVTAYTIFP
TAGGGTAATGACCTTTACTCCTAAAAAACCGAACTCAGCTCTTCGTAAAGTAGCAAGGGT TCGCCTCACAACTGGAATTGAAGTCACTGCTTATATTCCT
310 320 330 340 350 360 370 380 390 400

G EGHNLQEHNVVYLIRGGRYKDLPGVRYHIITRGT
GGTGAAGGTCACAACCTCCAAGAACACAACGT TGTTCTCATCCGTGGGGGAAGGGTAAAAGACT TACCAGGGGTTCGTTATCATATCATTCGTGGAACAC

410 420 430 440 450 460 470 480 490 500
LDTLGVDI KRRIKGRSIKYGAKTRTPKA M S R R R
TGGATACACTCGGTGTAGACAAACGTCGTAAAGGACGT TCAAAATACGGCGCTAAGCGTCCTAAAGCGTAATCGGAGAAAGGTATATGTCAAGAAGAAGA

510 520 530 540 550 560 570 580 590 600

G KVEPRIUMHTIEGDPIKYNDIKVISKTFTINCLMVDGKTKS SV
GGAAAAGTTGAACCGCGCCACATCGAAGGCGATCCTAAATACAATGACAAAGTGATTTCTAAGT TTATCAACTGCCTAATGGTAGATGGTAAAAAGAGTG
610 620 630 640 650 660 670 680 690 700

AEAVFYDALEVIAKKTGOGQDPYQVFQ@EALENAKTFP
TTGCTGAAGCCGTGTTCTACGATGCTTTAGAAGTAAT TGCTAAAAAAACAGGGCAAGATCCTTACCAAGT TTTCCAAGAAGCTTTGGAAAATGCAAAACC
710 720 730 740 750 760 770 780 790 800

Q VEVKSRRVGGVTLPAQFAQ@SKTFVRERRLALGIRWUW
TCAAGTAGAAGTAAAATCTCGTCGTGTGGGTGGGGTTACGTTACCACAGTTCCAATCGAAGT TCGTCCGAGAAAGACGACTCGCTCTTGGAATCAGATGG
810 820 830 840 850 860 870 880 890 900

LI RY SRDRNETKTSMKNIKLAAETFMEA AOQKTGTGSATIK
CTCATTCGTTACAGCCGTGATAGAAACGAAAAATCAATGAAGAATAAAT TGGCTGCAGAATTTATGGAAGCACAAAAAGGCACTGGTTCTGCGATCAAGA
910 920 930 940 950 960 970 980 990 1000

K K ED I RKMADANKATFSHYRWM
AAAAAGAAGATATCAGAAAGATGGCAGATGCCAACAAGGCTTTCTCTCACTACCGCTGGTAGTTTTCTCCATTCGATTCCAAACATTGATAAGCCAGGTG
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1010 1020 1030 1040 1050
AAAACCTGGGCGTTTTTTAT
1110 1120

1060 1070 1080 1090 1100

FIG. 1. Nucleotide sequence of the L. biflexa serovar patoc rpsL and rpsG genes and amino acid sequence of the corresponding gene
products. The sequence starts with the termination codon of argE. The first translated sequence is ORF2 (rpsL), which is followed by ORF3

(rpsG).

two amino acid insertions (arginine at position 3 and leucine
at position 86) which were not common to other S7 proteins
(Fig. 2B). An insertion at position 3 was shared only with S7
from Spirulina platensis, and an insertion at position 86 was
shared only with S7 proteins from Zea mays chloroplasts
and M. vannielii. Valine was found at position 23 of the L.
biflexa S7 protein, while leucine was found at this position in
other S7 proteins (Fig. 2B). Likewise, instead of a conserved
isoleucine at position 43, the L. biflexa S7 protein contained
valine (Fig. 2B). Several amino acids (positions 102, 128, 144

and 148) are normally conserved among S7 proteins; how-
ever, both the L. biflexa and M. vannielii S7 proteins
diverged from the consensus sequence at these positions
(Fig. 2B). These amino acid changes may reflect adaptations
to different rRNA and protein structures in ribosomes of
evolutionarily diverse organisms.

Nucleotide sequence accession number. The nucleotide
sequence data presented here have been entered in the
EMBL, GenBank, and DDBJ nucleotide sequence data
bases with the accession number M30695.

FIG. 2. Comparisons of L. biflexa serovar patoc ribosomal proteins S12 (A) and S7 (B) with homologous proteins from various organisms.
Proteins are aligned for the best fit to the L. biflexa sequence and are arranged in order of decreasing levels of similarity. Amino acids identical
to the L. biflexa sequence are represented by dots. Amino acid deletions are represented by dashes. Amino acid insertions are indicated with
brackets. Abbreviations: Lbi, L. biflexa; Spl, S. platensis (2); Bst, Bacillus stearothermophilus (16); Mpo, Marchantia polymorpha (8); Zma,
Z. mays (chloroplast) (11); Gma, Glycine max (29); Nta, Nicotiana tabacum (6, 28); Sol, Spirodela oligorhiza (22); Eco, E. coli (9, 10, 23, 24);
Mlu, Micrococcus luteus (20); Egr, Euglena gracilis (19); Tae, Triticum aestivum (13); Dme, Drosophila melanogaster (26); Mva, M. vannielii
(17). The amino acid sequences for mitochondrial S12 proteins of 7. aestivum and Z. mays are identical; therefore, only the T. aestivum
mitochondrial sequence is shown. Since the amino acid sequences of mitochondrial and chloroplast forms of the Z. mays S12 are different,

the chloroplast form is shown.
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A 10 20 30 40 50 60 70 80 9 100 110 120
Lbi: MPTINQLIRI GREDQKKRTK SPALKACPOR RGVCTRVMTF TPKKPNSALR KVARVRLTTG IEVTAYIPGE GHNLOEHNVV LIRGGRVKDL PGVRYHIIRG TLDTLGVDKR RKGRSKYGAK RPKA
SPL:  eeee@ueeeS ALeKTDLKer cuveeSennn ceeeena¥eT iiiiiines cennnnes Se Fevennnns 1
BST: .......V.K ...KKVFKS. ....N.S..K ....... [T I, Yoerrnn Ne eeenenns 1

KGYNSFKKEQTNV
Mpo: ....Q....N K.QPIEN... ..... Gever eeeenes YT .. F
Zma: ....Q....N K.QPIEN.R. .....Geeeu oeoo.. Y.l N.. . F.l...
Gma: ...MK....N T.QPIRNV.. .... [ T-JOUS DU 28 S. F.l...
Nta: ....K....N T.QPIRNV.. .... LS S S. F
Sol: cerQuPA eeennn S. F
Eco: .A.V...V.K P.ARKVAKSN V...E....K ....... 125 SO C..... N.F
MLz ....Q..V.K . SPKVWN.N G...QGN.M. wonuunYeT oiTuiiiiVe veiiieoNGe eeveennens mnnnnnn
Egr: ...LEH.T.S P.KKIKRK.. ..... G...K .ALM..Y.T ...
Tae: ...K..... H ...EKRRTDR TR.SDQ...K Q...L..S.R ...

Dme: | .ASLQ.MH.S .-PHIKT.PP RQP.DGK.FA K..VLKTLIK K..
'MNFLRQSFGI TKQLASQAIQCSYETAVRG

ceeeesels JC.VLLLE.V .. .KLKAV.. VY.LAH.V.K SQ

Mva: FAGRKL.LLK RKATRWQKV. ADP.GGA.MG ..IVVEKVGL EA.Q....I. .CVK.GILKN. RV...FA.'J& INFID..DE. V.S.QAKG.T ..... KVLKN SIRE.VRGRQ E.VKR
"MSGSKSPKGE "HYKYVNRELGL L NH "EGIGGP ‘MVG
B .
10 20 30 40 50 60 70 80 90

Lbi: MSRRRGKVEP RHIEGDPKYN DKVISKFINC LMVDGKKSVA EAVFYDALEV IAKKTGADPY QVFQEALENA KPQVEVKSRR VGGVTLPQFQ
Eco:  MP..RVIGQ .K.LP...FG SELLA..V.I ........T. .SIV.S...T L.OQRS.KSEL EA.EV....V R.T...cccs +..S.-Y.VP
Spl: .....VVQKR VPVPP.SR.. SRLV.MMVRR I.RH...... HNIV....AT .EER..S..L EL.EK.VR.. T.L....A.. ...A.-Y.VP
Mlu:  MP.K.PAPK .PLW..V.G SPLVT.L..K VL......T. .RlV;G...@ R..NGARSRG HPIKK.MD.I ..AL..R... ...A.-Y.VP

iviEE:

MS...TA.K KTAKS..I.R NRLVNMLV.R ILKH....L. YQII.R.VKK .QQ..ETN.L S.LRQ.IRGV T.DIT..A.. ...S.-H.WP
MS...TA.E KTAKS..I.R NRLVNMLV.R ILKH....L. YQI1.R.MKK .QQ..ETN.L S.LRQ.IRGV T.DIA..A.. ...S.-H.VP
MS..RRAKK .1.5Q..1.. STLA..V..K ILLN...TL. QYI..ETMKN .QEIYKK..L DILRK.IK.. S..M.TRK.. I..TI-Y.VP
MS.KSIA.K QVAKP..I.R NRLVNMLV.R ILKN....L. YRIL.K.MKN .KQ..KKN.L F.LRQ.VRKV T.N.T..A.. ID.S.-Y.VP
MS...TA.K .TAKS..IFR NRLVNMVV.R I.K.....l. YQIL.R.VKK .QQ..ETN.L L.LRQ.IRRV T.NIG..T.. NKKGSTRKVP

MFDKNKMHVV ERLAN.LMAT QVNT...NEV LSIIEE..T1 VENR.KEN.I ..VVD...NS G.RE.TTRIS Y..--IAFL,

) 100 110 120 130 140 150 160 170 180
Lbi: SKFVRERRLA LGIRWLIRYS RORNEKSMKN KLAAEFMEAQ KGTGSAIKKK EDIRKMADAN KAFSHYRW
Eco: VEV-PV..N. .AM..IVEAA .K.GD...AL R..N.LSD.A ENK.T.V..R ..VHR..E.. ...A....LS LRSFSHQAGA SSKQPALGYL N

Spl: MEVRS..GTT .AL....HF. .T.SGR..AS R..S.L.DRA NE...RVR.R .ETHR..E.. ...A.N.Y
Mlu: VEVKPG.ST. .AL...VGF. KA.R..T.TE R.MN.ILD.S N.L.G.V.RR ..TH...E.. ...A....
Nta: [IEIGSTQGK. .A....LAA. .K.PGRN.AF ..SS.LWD.A ..S.D..R.. .ETHR..E.. R..A...
Gma: VEIGSTQGK. .A....LGA. .K.PGRN.AF ..SS.LWD.A ..S.D..R.. .ETHR..E.. R..A.F.

MEIGSKQGR. .A....LEA. OK.PGRN.AF ..SS.LVD.A

¢ VEVKED.GTS .ALKFI.EKA .E.KGRGIST ..KN.IID.S NN..E.V... .E.H.T.E.. ....NMKF
Mpo: LEIKSTQGK. .A....LGA. .K.SGAN.AF ..SY.LID.A RDN.I..R.. .ETH...E.. R..A.F.
H -+S.G..R.. .ATHR..E.. R.LA.F.

Mva: .VD.SPStF RN.SLGASQG AHKSK..IAQ C..D.LVA.S .w.. -EKERV.QSA R
LD
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