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h%prior support periods we identified, cloned and sequenced three genes involved in
the regulation of nif gene expression in R_.c_.apsulams.These were ca_ed __ n.ifR2 and
nifR4; they rum out to be homologue of the _ ntr._.BBand ntr__&genes of entembacteria. We
subsequently found that mutations in an additional gene, nifR._._._5,render _.. capsulams _ genes
constitutive with respect to ammonia. The nit_..R..5.5gene was shown to be similar to _ of
enteric bacteria, encoding the rzgulatory protein PH, and fm'thering the intersection of the
glutamine synthetase adenylylation cascade with the control of ni._.[gene transcription. In
pursuit of the mechanism of O2conu'ol of ni_.f.fgene expression, we constracted and analyzed
the topology of a small plasmid in R. ca.psulatusas a function of 02 concentration. We also
cloned and obtained partial sequence data for two genes encoding the B subunk of DNA
gyrase. The nucleotide sequence of the _9.B gene encoding RNA polymerase was nearly
completed. A method for isolation of genes expressed differentially, developed for
cyanobacteria, was applied successfully to R_.capsulams. Several genes that depend on _ro'fR_._4.
for their transcription were isolated. A tras_scriptionstart site for a nifA gene was identified
and the promoter seque,nce was analyzed. A physical _mp of the Rhodobacter c_a.psulatus
SB1003 chromosome was prepared, based on pulsed-field electrophoresis of Xba__..!and Ase.__._I
fragments and hybridization with a gridded cosmid library, using a device that permits 864
cosmids to be hybridtzed at one time with a labeled chromosomal fragment.

Persormel

During the past several years, this project was carried out b7 Ms. Lise Sveen and Ms.
Su Zheng, graduate students; Ms. Lori Scappino, technician, and Dr. Francisco Romero and
Milde Fonstein. Romero bad a feltowship from the Juan March Foundation. He has returned
to Spain and now works for a pharmaceutical company. Ms. Scappino took over the
gene sequencing, left incomplete when Ben Abella went off to college. Dr. Fonstein is an
experienced molecular biologist from Moscow who has taken,,over the mapping program.

Detailed Report

I. The RB..capsulatus nif_&gene promoter

This part of ota' program has been disappointing, Based on Kranz' ab/lity to make
lac___ZZfusions to ni_!, nifR___!and _ifR4_.__._,I thought it would be easy to use the same method
vivo tmn_osition of Mud la._icelemenLsinto pla,_,midscontaining the target gene) to create
nif._._Afusions. Ms. Sveen succeeded in cloning both copies of Rc E.C_.Ainto a suitable vector,
but when these were u_;edas targets for Mud la..£hops, none could De isolated. Then Ms.
Zheng joined the group and she began i_nvitr____oconstructions to insert a promoterless lac__ZZ
cassette into nifA. While this was in progress, we received a copy of Hiibner, Willison,
Vignais and Biclde (1991) which described the construction and u_ of nifA::lacZ fusions, so
we decided not to continue. However, many important questions remain, so we might resume
the constructions.
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We also proposed to use S 1 nuclease protection and primer extension experiments to
define the nif_.Agene transcription start site. The nifA.___!gene is downstream by a considerable
distance (-750 bp) from _ the nifAII gene starts only 250 bp from the C-terminal of
nifR4__..,.The two genes are regulated similarly but not identically, according to Hiibner et al:
nif_._A_Iexpression is higher than nifAII in a wildtype background and the residual expression
of nif.__A_Iis higher in the nifR___J.1mutant background. We found weak and variable signals in
S 1 nuclease protection experiments on nifAII. With a nifA__.J.Iprobe, there were some
k"reproducible bands but also one band that showed repeatedly with different RNA
preparations, present with RNA from induced cells and absent with RNA from ammonia-
grown cells, located at -1 I2 with respect to the start of translation of n_.i.fAI__This sequence is
shown in Figure 1. The entire region upstream of the RNA end is GC rich. It could not be a
start site for the major RNA polymerase (consistent with the la...£cfusion results) and it does
not contain the sequences at -12 and -24 required by the o'S-RNA polymerase (also consistent
with .la_q.cfusion results). If this is a real start site for RNA polymerase, there must be another
unknown a factor, as suggested by Hi.ibner et al, as well as an upstream binding site for an
activating protein.

,dm

We attempted to find similarities in the sequence flaakSng nifAI and the sequences
flanking n_ _ ni_ and any other genes of R._£cfor which the transcription start sites
have been mapped. There were no similarities between the nifA..__!sequence (750 bp) and the
nifA._....._H_quence as far as the latter was determined (200 bp). Short stretches of conserved
sequences can be found almost anywhere because R...2DNA is rich in GC and short stretches
of GnC_ abound. The only possibly meaningful sirrtilarity found is in the region flanking the

gene, which encodes a protein necessary for assembly of photochemical reaction
centers. The operon of which p__ is the frrst gene is expressed ortly under anaerobic
conditions but it is not repressed by ammonia and therefore not likely to be regulated by the
NIFR1/NIFR2 system. In fact, the _ genes are transcribed in NifR1 mutants.

II. Oxygen control of DNA supercoiling and ni_._fA_,expression

In order to study the regulation of DNA supercoiling by oxygen, Ms. Sveen
construct_ a small plasmid, pUCAg, that could be mobilized to transfer into R._2by
conjugation. Electrophoresis of plasmid DNA in the presence of quinacrine, comparing
plasmids from cells grown anaerobically or with vigorous aeration, showed no difference in
the linking number in the two cases. We are forced to conclude that oxygen does not reduce
the global degree of DNA supercoiling in R__2.Of course, there,,could be an effect on loc......_
supercoiling, so we intend to insert the nifA::lacZ fusions into pUCA9 in both orientations to
explore this possibility.

Oxygen control of nif_...._Aexpression was not completely determined by Hi.ibner et al.
Their experiments compare nifA::lacZ activities in O2+NH4+ with anaerobic, NH4. and
anaerobic, N_.;r_hereis no experiment with O_.under nitrogen repressing conditions. However,
in ammonia medium, O2 reduces .nifA_..2Iexpression five-fold and nifAl! expression two-fold.
We measured nifA nt_qA levels directly by dot blot. Our results are that mnmonia reduces
nif.___A_(AI + Ali) expression about 10-fold under anaerobic conditions and that novobiocin at
100 tlg/rrd had no effect on the level of nif._._AmP,NA. Moreover, the level of n_f__.AmRNA
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was reduced at least 10-fold in the nifR4 mutant LJ 1..ha the latter mutas_t, the level of nifR4

mRNA was also reduced several.-fold. For ali of these blots, the control was a _ probe,
which detected the same level of p.E[.Q transcript in all conditions in both the wild type and
the NifR4 mutant.

III. Purification of RNA polymerase from Rc

This has turned out to be a formidable task. Dr. Romero tried a wide range of growth
conditions, methods for cell breakage, and purification steps. He was unsuccessful in

obtaining even partially purified enzyme with good activity. We knew from the sequencing
presented below that the core subunit [3is a little larger than the E. coli [3subunit, so he
atttempted to purify on the basis of the _ subunit detected on protein gels. This did not
succeed either.

At the same time, Ms. Sveen was trying to express the nifR4 gene m E. col...._i.A very
large number of attempts failed here too, including the use of the T7 promoter/T7 RNA

_ polymerase system. Eventually, she used the pATH vector with a _ promoter and a leader
of _ protein; this worked well and produced a great deal of hybrid protein. We intend to
extend this system to make enough Ni.fR4 protein for antibody production.

IV. The _oB...._QCoperon

We described in previous reports the cloning, mapping and partial sequencing of the
_oBC opemn, encoding the largest two subunits of the RNA polymerase core. This was
done by Ben AbeHa when he was in high school and then continued by him durfi'_g college
breaks. The project was taken over by Lori Scappino and her results are shown in the Figm'e
2 comparison of the R___cand E. coli !2.o13_sequences. As we show there, the R..._cgene is about
300 bp longer than the E. coli gene° The nucleotide sequences are about 60% similar.
Usually, where they differ the R._.c.csequence has a G or C where E. coli has A or T, in keeping
with the very high GC content of R._2DNA. We cannot make the amino acid comparison
until a few hundred bp remaining of R_.c_qL9_are determined, to establish the correct reading
frame.

V. The DNA gyrase gene(s) of R.__c

When R. Kranz was still here, we tried to isolate R_._cmutants resistant to coumem'_ycin
or novobiocin, in order to get a handle on the structural genes for DNA gyrase. All the
mutants Kranz found were transport mutants; they all had drug-sensitive gyrase. We dropped
the idea until W.M. Huas_g asked us for _RcDNA in order to attempt to amplify the .g2g_._.

gene using PCR primers from highly conserved _egions of bacterial _ genes that she
discovered. We sent the DNA and soon after she returned to us two cloned PCR. fragments
with slightly different sequences. Ms. Sveen used these to isolate, from a LORIST 6 cosmid
library, two different _ genes. Sequencing these genes and studies ofthei.__£.rtranscription
axe in progress. We showed long ago that the level of the gyrase subunit proteins increases
in cells treated with novobiocin; as the ni__[gene products disappear, the g22 gene products are
induced.
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VI. The physical map of the Rhodobacter c._apsulatuschromosome

The program to create a high resolution physical map of the Ric chromosome envisions
the foUowi.ng steps: construction of a low resolution map using pulsed field electrophoresis
(PFE); construction of a representative cosmid library; gouping cosmids in sets by
hybridization with fragments eluted from the PFE gels; analysis of restriction patterns of the
cosmids in each group to generate a un.ique set of overlapping cosmids; final mapping of the
cosmid set to generate the chromosome map. We have nearly finished the fin'st three parts of
this program.

Among 28 restriction endonucleases checked for rare cutting, the following were
useful (Figure 3): Xb___L_,15 fragments; As._._eI,25; :__qI, 3; Sc.___,15 and DraI, 20-25. Xb...._L'_.and
Ase___..Iwere selected for the low resolution mapping. Figure 4 shows one step of this
procedure, in which a single Xb.__._fragment is used as probe to identify the fragments in Ase..__I
and AseI/Xba.I digests that overlap. The resulting map is 'also shown for this region of the R_Ac
chromosome in Fig. 4.

The cosmid library was constructed iri the vector LORIST 6, which is stable and
accommodates a large insert size. Sau3a fragments of R...S.cchromosomal DNA were size-
fractionated, dephosphorylated and cloned into cosmid arms. 1728 individual clones were
picked and grown in the wells of microtiter plates. A device was constructed to facilitate the
transfer of 864 colonies from the wells to 140 mm petri dishes containing nylon _ters

(Figure 5). After growth, the colonies can be lysed in si._.m.mand the DNA probed with
individual eluted bands from the PFE gels. An example of this procedure is shown in the
autoradiogram of Figure 6. The autoradiogram contains 864 possible sites, of which 37 are
positive in this test with Xb._...Mband (10) as probe. The autoradiogram is read on a tablet with
a position-detecting pen coupled to a Macintosh, in a manner analogous to reading DNA
sequencing gels. The positions are stored in the Macintosh. Two autoradiograms can be
corr_pared, using software written here by W. Buikema, and colonies containing cosmids
identified by two probes can be identified rapidly. These cosa'nids provide the physical
linkage between the two fragments used as probes. In this way, the physical map obtained as
shown in Figure 5 can be extended. Our cia-rent map of the R...£cchromosome is shown in
Figure 7. At present there is one very large linkage group and two small ones. Each of the
smaller ones could be a plasmid; altematively they could be Raked to the larger chromosome.
F_._her probing of the cosn_d library wit1 determine wtfich of these possibilities is correct.

We have. also begun to locate cloned genes on the physical map. Figure 7 shows the
assignments made to date. Of significa.nce among these early results are the finding that the
vm'ious clusters of ni._!fgenes are widely distributed on the large chromosome, consistent with
*,.hefirst genetic mapping by Wlllison et al. DISCLAIMER

This report was prepared as an account of work sponsoreA by an agency of the United States

Government. Neither the [.Jnite_t States Government nor any agency thereof, nor any of their
employs'es, makes any warranty, express or implied, or assumes any legal liability or responsi-

bility for the _ccuracy, cx_mpleteness, or usefulness of any information, apparatus, product, or

process disclosed, or represents that its use wuuld not infringe privately owned rights. Refer..
ence herein to any specific commercial product, process, or ser','ice by trade name, trademark,

manufacturer, or otherwise does not nex:essarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Governmenl or any agency thereof. The views

and opinions of authors expressed hereit_ do not necessarily state or reflect those of the

United States Governmenl or any agency thereof.
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A.ACTCCCDTGCL,OTGAAACGCCDTcr..}AGG._rTIx'.,CGC,aTCTGCDL-'OCA
, _.__TOCG C0CTIZOCCCOCCCOTc:.0CCCCOAAL-:CTGATTGCCCGA,A_UT

i_,' i'_ '_-' '_ .IT. ' lR " F"_'£ "lC. A _'--"-, , -, -,,,,, -, -,j AA TJAA,J u,m._,,_C,...CA JATOA,_L,..£,.,0_,AAb!_,OjCACOrjITOCO0

C0770ACOAAACTOTOT.TCOOCCOAGOAAATC'ITr"..L)ETCTTCCT_.O_GC
0TU_AL,CCO,ATCCbCO,.GOlfOC3:UAACTCOTCCCOGC[OCACAI CAT
0ACAOCTTCOCDc.CTATCTOC0c3OAOACCOACATOACC00CCTOAC
COAAOACO00AT_GTTOAOCOCCOC0AT0C,OG'0CT@CO00COCA0
0CC0ATTTC0TCOCCTC0ACO@.S0CTCAA00AAAAOOTCTTCAA0O

.... r: _A,-'' .... -,TC][..,0AA.,.-,L:-L:0A@LiCCOL,bAAACOCAAAOCCOCTTCOTC0OC_0A
AAC0CT0AAAOTGATCAAATC(_GACL"GCCTOCAATCT0CCAOAT
TTOOTCCCCC0O0OCCOQTTCOCCGCATAATTO('OCAATCGACCCG9
TOACCTTOCAAA AAT@ AACCO A ACTTOr'.£TGrC00ACO COTCGGA.

AOACOTGCCTTTTTTCOCCCATOr_.C_ATGGTCAOTOCAOAAGTCCC
nArT0_".a..., nr'OnqTr3Cr.l i..{_4, T TT'(2 "I'[_3 _3' [_ r_[_ A _r_[_ r],,O 1_Y" *,T r"r'nP "f'

__ _i,;,,,.,...,,.....,,..,._

./4C00AAATTCCTT¢.._OTOACGOOGOTGACT0CATOACO.I;ATCAACA
.j,_ATCCC0CCCCOCCTCOCCOCOOC0T_CA0CTCOACOAOTCOATC0CCO

,_C'COCCITOCCTTQ0a_-6

Figure i. Nucleotide sequence upstream of the nifAl gene of Rhodobacter

ca2sulatus. This sequence was determined in Chicago; it agrees exactly wi_h

the sequence published by W. Eli.pp. The atg marks the beginning of the open
reading frame. Three SI nuclease protection experiments, using RNA from

cells induced for nitrogenase under anaerobic conditions, revealed the

major band of protected DNA at positio,: -Ii0, the indicated C residue.

The sequence 5' to this possible start site i.svery GC rich and could

not be recognized by the major sigma.-70 RNA polymerase° On the other hand,

the sequences at -12 and -24, underlined, do not conform to the Klebsiella

consensus for those regions, wh:ich is TGGYRYR at -24 and TGCA at-12. Much

further upstream there are several TGG sequences, but they are not followed

by appropriately spaced TGCAs. Ali this to reenforce the conclusion that

nifA in Rhodobacter is transcribed by yet another form of RNA polymerase.

,, ,r _l...... , m _,,, _, ,, ,, ,e, ,_1 ' -
,, ,r,....
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Figure 2.
-he following is a comparison of the E.coli rpoB nucleotide secuen._.e

-_' an i_com_lete Rhodobac[_ camsuTa_us rpoB nuc _ ,, '-...... __otide _.emuence. -'P.e

ccm_,arisons were made via FastA and were carried out with these

rest"-ictions' i) FastA limits the size of the seauences that it can handle

-_o less _,.=n 4000 nucleotides, he E coli sequence was divided into two

segments; a seqment that ranged from 1 to 2500 and the second segment tn_.:

overlapped the first and covered nucleotides 2001 to 4059. The R.

camsulatus sequence was divided into four overla_.Ding segments The =irs"

nucleotides ! to I000, second, i to 2500, third, 2001 to 4284 and fourth,

297! to 4284, were compared to the E. coli "library" in turn. The results

were joined together to show a complete comparison of the two sequences.

The peptide sequence could not be used because the nucleotide sequence is

not yet complete• According to the FastA results, the R. capsulatus rpoE

nucleotide sequence identified with the E.coli sequence with these
___ ce,._.aues

1) 1-1000 59.0% KEY' EC' E. coli

2) 1-2500 61.5% RC" R. capsulatus
3) 2001-4284 65.0%

4) 2871-4284 66.0%

!0

EC ATGGGTCGACT

i0 20 30 40 50

RC AAG CT TAC _ TTGG- TCAG AAG CGTAT CCGCCGCTAC TAC GG_,A23kAT CCG- -CG- -AA

EC TG TCAGC GAG CTGAGGAACC CT hTGGTTTACTCCTATACCGAG_AAAACGTATTCG- TAA

20 30 40 50 60 70

60 70 80 90 i00

RC G---TTCT _G-AAATGCCG_.hCCTCATCGAGG-TTCAGAAGGCC TCCT-- ACGACC-TGTT-

EC ,=_AT ?.. ]TG.._[ AAA< G--TCCACAAGTTCTGGATGTACCTTATCTCCTTTC z ATCuAGCTTG

80 90 !00 !I0 120 130

iI0 12 0 130 140 150 160

RC CC_ .......- - " " "_"_Gu<_ CTC GGGCGATGCCGA_ C-GGCCGCTGGACGGC--GAGGGCATTCAGGG_u _CT

• . : .... : ' . . . .... : ..... : .... ;

EC AC T- CGTTTCAGAAATYTATCGAGCAAGAI'CCTGAAGGGCAGTATGGTCTGGAAGCTGCTT

140 150 160 170 180 190

170 ]80 190 200 210 220

RC TCCAGTCGGTCTT< CCG ATC AAGGAC TTCAATGACAACGCG ATCCTC GAATTCGTGA__hT

• • . ° . , • .

_ r_mr_l"r-'r"mzq'm "" ' " Ge' , r" ...... ' .... ,-, ,_'C 'I'CC_ • _ ,_,__.,_ ._CCC,JATTCAGA . ?ACA,_CGGTAAT rCCGAGtTGCAA1ACt_TCAG_I

200 210 220 230 240 250



230 240 250 260 270 280

q" _ _ C r .....RC ACGAGCTCGAAAAGCCGAAA +ACGAC6TCGACGAATG +ArGAGCCGCGACCTGACC _,A=.

EC AC CGCCTTGGCGAACCGGTGTTTGACGTCCAGGAATGTCAAATCCGTGGCGTGACCTATT

260 270 280 290 300 310

290 300 310 320 330 340

RC CGGCGCCGCTCAAGGTGACGCTGCGTCTGATCGTGTTCGATGTCGATGAAACCACCGGGG

EC CC GCACCGCTGCGC GTTAAACTGCGTCTG---GTGATCTATG-AGCGCGAAGCG<_.GGAA

320 330 340 350 360

350 360 370 380 390 400

RC CGCGGTCGGTCAAGGACATCAAGGAACAGGACGTCTACATGGGCGACATGCCCCTGATGA

EC GGC-- ACC GTAAAAGAC ATTA_AAGAACAAGAAGTCTACATGGGCGAAATTCCGCT CATGA

370 380 390 400 410 420

410 420 430 440 450 460

RC CGCCGAAC GGGACCTTCATCGTCAACGGCACCGAACGCGTGATCGTGTCGCAGAT GCACC

• ::: : : :: : :'. . : :::::: :: :: :: :: ::::: :: '': : ::: ::

EC CAGACAACGGTACCTTTGTTATCAACGGTACTGAGCGTGTTATCGTTTCCCAGCTGCACC

430 440 450 460 470 480

470 480 490 500 510 520

RC GCTCGCCCGGTGTGTTCTTCGACCATGACCGCGGCAAGACCCATTCCTCGGGCAAGCTTC

....... ;: : :; ..... : .... ::::: .. :: :.: ....

EC GT AGTCCGGGCGTCTTCTTTGACTCCGACAAAGGTAAAACCCACTCTTC GGGTAAAGTGC

490 5C0 510 520 530 540

530 54 0 550 560 57[) 580

RC TGTTCGCCTGCCGGATCATTC CCTATCGCGGCTCGTGGCTGGATTTCGAATTCGACGCCA

, , , , . , , • , • , o _ , , , , , , • ,+ , . ,

EC TGTATAAC GCGCGTATCATCCCTTACCGTGGTTCCTGGCTGGACTTCGAATTCGATCCGA

550 560 570 580 590 600

590 600 610 620 630 640

RC AGGATCTGGTGTTC GCGCGCATCGACCGTCGCCGCAAGCTGCCGGTGACGACGC I_GCTT_-

EC AGGACAACCTGTT +GTACGTATCGACCGTCGCCGTAAACTGCCTGCGACCATCATTCTGC

610 620 630 640 650 660

650 660 670 680 690

RC ATGCGC ICGGCCTCGA CA-GGAAGGCATCATGGA--TGCCTATTACAACACCGTCACCT

'' _X ' '+ : .... ::: : .... : ........
rp ,-_EC GCGCCCT-GAACTACACCAC AGAGCAGATCCTCGACC ._- TTCTTTGAAA2_AGTTATC TT

670 680 690 700 710 720



700 710 720 730 740 750 "

RC TCCGCGCCGAGGGCAAACGCGGCTGGGTGTCG_kATTCTTCCCCGAGCGGGTGCGCG--G

EC TGAAATCCGTGATAACAAGCTGC .....AGATGGAACTGGTGCCUGAACGCCTGCG_GGTG

730 740 750 760 770

7 60 "770 780 7 90 800 810

RC CACCCGTCCGACCTATGACCTGATCGACGCCGCTTCGGGCGAAGTGATCCTGAAGGCGGG

.... : : , :::: ::::: ... :. ::::: .....

EC AAACCG--CATCTTTTGAC---ATCGA---AGCrAACGGTAAAGTGTACGTAGAAAAAGG

780 790 800 810 820 830

820 830 840 850 860 870

RC CGAAAAGGTCACGCCGCGGATGGTGAAGAAATGGCTTGATGAAGCCAAGGTGACCGAACT

• :::: : :: : : .... :: ... : : .. , ::::

EC CCGCCGTATCACTGCGCGCCACATTCGCCA---GCTGGAAAAAGACGACGT---CAAACT

840 850 860 870 880

880 890 900 910 920 930

RC GCTC---TTGCCGTTCGACCACATCCTCGGCCGCTACTGCGCCAAGGACATCATCAACGA

: •• : ::: : :: ::: :: :: :. :. ,:: :: : ':

EC GATCGAAGTCCCGGTTGAGTACATCGCAGGTAAAGTGGTTGCTAAAGACTATATTGATGA

890 900 910 920 930 940

940 950 960 970 980 990

RC GCGCACCGGCTACATCTACATCGAAGCGGGCGACGAGCTGA-CGGCGGAATACGACCGTG

EC GTCTACCGGC -GAGCTGATCTGCGCA--GCGAACATG

950 960 970

!000 !0!0 1020 1030 1040 1050

RC ACGGCCA-ACTGG-TCGGC-GGTTCGGTGAAGACGCTTCTGGACAACGGCATCACCGAGA

• . :::: ........... ::::: : .........

EC GAGCTGAGCCTGGATCTGCTGGC%'AAGCTGAG-CCAGTCTGGTCACAAGCGT-ATCGAAA

980 990 !000 !010 1020 1030

1060 1070 1080 1090 ii00

_,,CCCTGTCTCGACATCGA-CAACATCAACGTCGGCCCCTACATCCGCAACACGATGGCGRC _

: :::: ......... :::: :::::: .. .: .....

EC ,JGCZGT-TCACCAACGATCTGGATCA .... CGGCCCATATATCTCTGAAACCTTACGT

1040 1050 1060 1070 1080

i!10 1120 ].130 11140 1150 1160

RC GCGGAC_GAACATGGGCCG-CGACGCGCGCTGATGGACATCTACCGCGTCATGCGTCCG
........... X ......... :::: ::::: ' ::::: ''

EC GTCGACC_AAC_AACGACCGYCTGAGCGCACTGGTAGAAATCTACCGCATGATGCGCCCT

1090 Ii00 iii0 1120 1130 1140

,lr.... ,, , ,, ' ' IN' , ,, ,,,,, ii ........ ii ' ,lilt ,i



1170 1180 !! 90 1200 1210 1220

RC GGGGAACC GCCGAC CGTCGAAGCCGCAAGCTCGATGTTCGACACGCTTTTCTTCG __

EC GGCGAGCC GCCGACTCGTGAAGCAGC TGAAAGCCTGTTCGAGAACCTGTTCTTCTCCGAA

1150 ii 60 1170 1180 1190 ],200

1230 1240 1250 1260 1270 1280

RC GAACGCTATGACCTCTCGGCCGTGGGCCGGGTGAAGATGAACATGCGTCTGGATCTGGAT

EC GACCGTTATGACTTGT{<TGCGGTTGGTCGTATGAAGTTCAACCGTTCTCTGCTGCGCGAA

1210 1220 1230 1240 1250 12 60

290 1300 1310 1320 1330 1340

RC GCGCCGGACACCCAGCGCACCCTGCGCCGCGCCGACATCATCGCCTGCATCAAGGGTCTG

. . • I : : ::: ............................ :

EC GAAATCGAAGGTTCCGGTATCCTGAGCAAAGACGACATCATTGATGTTATGAAAAAGCTC

1270 1280 1290 1300 1310 1320

1350 1360 1370 1380 1390 1400

RC GTGGAGCTGCGCGACGGCAAGGGCGAGATCGACGACATCGACCACCTCGGCAACCGCCGC

• ,,,,.,.,,,,,,,,,,,,,

EC ATCGATATCCGTAACGGTAAAGGCGAAGTCGATGATATCGACCACCTCGGCAACCGTCGT

1330 1340 1350 1360 1370 1380

1410 1420 1430 1440 1450 1460

RC GTGCGCTCGGTCGGCGAGCTGATGGA/GhACCAGTATCGCGTCGGCCTTCTGCGCATGGAA

: _' .: .. : : ::: . . : :: ::: :_::: ::::: ::::: : :' : ::

EC ATCCGTTCCGTTGGCGAAATGGCGGA/hAACCAGTTCCGCGTTGGCCTGGTACGTGTAGAG

390 1400 1410 1420 1430 1440

1470 1480 1490 1500 1510 1520

RC CGGGCGATCAAGGAACGCATGTCCTCGGTCGAGATCGACACGGTGATGCCGCAGGACCTG

.. ::: : :: .. :. :::: :: ::: . :: :: ::::::: ::::: :'

EC CG_ GC G@T GAAAGAGC_TC rGTCTCTGGGCGATCTGGATACCCTGATGCCACAGGATATG

1450 14 60 1470 1480 1490 1500

1530 ].540 1550 1560 1570 1580

RC ATCAACGCGAAACCG--GCGCGGGGCGGTGCGCGAATTCTTCGGCTCCTCGCAGCTGT_G

EC ATC_CGCCAAGCCGATTTCCGCAGCAGTGAAAGAGTTCTTCGGTTCCAGCCAGCTGTCT

1510 1520 1530 1.540 1550 15 60

1590 1600 1610 1620 1630 1640

RC CTGTTCAT=GACCAGACCAACCCGCTGTCGGAAGTCACGCACAAGCG-CGTCTTTCGGCG

EC CAGTTTATGGACCAGAACAACCCGCTGTCTGAGATTACGCACAAACGTCGTATCTCCGCA

1570 1580 1590 1600 1610 1620



1650 1660 1670 1680 1690 1700

RC CTCGGGCCGGGCGGTCTGAC ....GGAACGCGCGGGCTTCGAAGTGCGCGACGTTCACCCG

EC CTCGGCCCAGGCGGTCTGACCCGTGAACGTGCAGGCTTCGAAGTTCGAGACGTACACCCG

1630 1640 1650 1660 1670 1680

17 i0 1720 1730 1740 1750 17 60

RC ACCCACTACGGCCGGATGTGCCCCATTGAGACGCCCGAAGGTCAGAACATCGGTCTGATC

.............. : .... :: .' .: .......................

EC ACTCACTACGGTCGCGTATGTCCAATCGAAACCCCTGAAGGTCCGAACATCGGTCTGATC

1690 1700 1710 1720 1730 1740

1770 1"780 1790 1800 1810 1820

RC AACTCGTTGGCCACTTTCGCGCGCGTCAACAAATACGGCTTCATCGAGACCCCCTATCGC

..... :, .: . :.. • ::: ............................ ..... : ......

EC AACTCTCTGTCCGTGTACGCACAGACT_hCGAATACGGCTTCCTTGAGACTCCGTATCGT

1750 17 60 177 0 1780 1790 1800

1830 1840 1850 1860 1870 1880

RC AAGGTCCACGATGGCCAGGTGACCGACGAAGTCGTCTACATGTCGGCCACCGAAGAGATG

• : .: : :: .. :: .. :: :::: : ........ :: : ......

EC AAAGTGACCGACGGTGTTGTAACTGACGAAATTCACTACCTGTCTGCTATCGAAGAAGGC

1810 1820 1830 1840 1850 1860

1890 1900 1910 1920 1930

RC CGCCACACGATCGCGCAGGCGAACGCCACGCTCGACGAGAACGGCAAGCTTCGT-GA--A

...................... : ": .... : ....... : ,

EC AACTACGTTATCGCCCAGGCGAACTCCAACTTGGATGAAGAAGGCCA-CTTCGTAGAAGA

1870 1880 1890 1900 1910 1920

1940 1950 1960 1970 1980 1990

RC CC--GCATCTCGCGTCCTCCGACCCG--TCCAGGCCGCGCCGCACATTCCCATCGCCTCA

EC CCTGGTAAC_TGCCGTAGCAAAGGCGAATCCAGCTTGTTCAGC-CGCGACCAGGTTGACT

1930 1940 1950 1960 1970 1980

2000 2010 2020 2030 2040 2050

RC ACCCGCGCTCGGCAAGCCGTGGCGCCTGCACTCCGACGTGTCG--CCGA*_uACACGCTG cG

.... : • .: ": .. : ::: :' :. .. : .....

EC ACATGGACGTATCCACCC--AGCAGGTGGTATCCGTCGGTGCGTCCCTGATCCCGTTCC-

1990 2000 2010 2020 2030 2040

2060 2070 2080 2090 2100 2110

RC TTTCGGTCGCCGCGGCGCTGCATCCCTTCCTTGA--CAAACGACGACGCAACGCCGCCTC

EC --TGGAACACGATGACGC--CAACCGTGCATTGATGGGTGCGAACATGCAACG ..... TC

2050 2060 2070 2080 2090



I i

2120 2!30 2140 2150 2160

RC AT C GC G GT TC GAAC ATGC AC AC --GT AGGC C--- GGT T- CCGCTTCT GC GC AAC GAG GC G
, ., , ,e, ,,. , , ., ,J, .,,, o, • + t.,, , ,

,. . +,., +,+i

EC AGGCCGTTCCGACTCTGCGCGCTGATAAGCCGCTGGTTGGTACTGGTATGGAACGTGCTG

2 i00 2110 2120 2130 2140 2150

2170 2180 2190 2200 2210 2220

RC CGTTCGTCGGCACCGGCATGGAAGCCACGGTGGCGCGCGATTCGGGGGCCGCGATCATGG

EC TTGCCGTTGACTCCGG--TGTAA-CTGCGGT--AGCTAAACGTGGTGGTGTCGTTCA--G

2160 2170 2180 2190 2200

2230 2240 2250 2260 2270 2280

RC CCCGCCGCGGCGATCGTGGATCAGGTCGATGCGAGCCGGATCGTTATCCGCGCCAATGAA

EC TACGTGGATGC-TTCCCGTATC--GT-TAT- - CAAAGTTAAC GAAGACGA- GAT

2210 2220 2230 224_ 2250
+

+-

22 90 2300 2310 2320 2330 2340

RC GACATCGGCATGGGCACGCGGGCGTC GACATCTATEGTCTGCGCAAGTTCAAACGCTCGA
A

• :'" ' :" : .... ::::::::3: :3: ::" : : .... : "

EC G-TATCCG---GGTGAAGCAGGTATCGACATCTACAACCTGACCAAATACACCCGTTCTA

2260 22'70 228_ 2290 2300 2310

2350 2360 2370 2380 2390 2400

RC AC CAGTCCTCGACGATCAACCAGCGTC_GATCGTCAAGGTGGGCGhChTCGTTGCCAAGG
................. 3:: .............

EC ACCAGAACACCTGTATCAACCAGATGCCGTGTGTGTCTCTGGGTGAACCGGTTGAACGTG

2320 2330 2340 :+ 2350 = 2360 2370

2410 2420 24B0 +"Z4 O -" 2450 2460
RC GT CAGGTCGTGGCCGACGGTCCCTCGACCGATCAGGGCGAACTGGCGCTGGGGCGCAACG

: . .: ............. : ::::: . :: ............ : : ::'

EC GCGACGTGCTGGCAGACGGTCCGTCCACCGACCTCGGTGAACTGGCGCTTGGTCAGAACA

2380 2390 2400 2410 2420 2430

2470 2480 2490 2500 2510 2520

RC TGGTCGTCGCCTTCAI GCCC _GG_CGGCTACAACTACG_GACTCCATCCTGATTTCGG
• . ,,oi,i, •.°,,+••,,,.,,o • , •

.. :.: : ...................... ..... _ ..................... :

EC TGCGCGTAGCGTTCATGCCGTGGAATGGTTACAACTTCGAAGACTCCATCCTCGTATCCG
2440 2450 2460 2470 2480 2490

2530 2540 2550

RC AACGCATCCACCGCGA+GACGTGT_CAC
, , , o ,, ,6, ,,a.,

EC AGCGTGTTGTTCAGGAAGACCGTTTCAC

2500 2510



t i

+

2560 2570 2580 2590 2600 2610

RC CTCGATCCATATCGAGGAATACGAAGTGGCGGCGCGCGACACGAAACTCGGGCCGGAGGA

EC CACCATCC ACATTCAGGAAC TGGCGTGTGTGTCCCGTGACACCAAGCTGGGTCCGGAAGA

2520 2 530 254 0 2550 2560 2570

2 620 2 630 2 640 2650 2660 2670

RC GATCACCC GCGATATCCCGAACGTCGGCGAGGAAGCGCTGCGCAACCTCGACGAGGCGGG

EC GATCACCGCTGACATCCCGAACGTGGGTGAAGCTGCGCTCTCCAAACTGGATGAA'_CCGG

2580 2590 2600 2610 2620 2 630

2 680 2690 2700 2710 2720 2730

RC CATCGTCTATATCGGCGCCG_ AGTCGGTCCG--GGCGATATCCTTGTGGGCtuAGATCACG

..... : .... : ................... : ...... : • .:.

EC TATCGTTTACATTGGTGCGGAAGT-- GACCGGTGGCGACATTCTGGTTGGTAAGGTAACG

2640 2650 2660 2670 2680 2690

27 40 2750 2760 2770 2780 2790

RC CCG-AAGGCGAAAGCCCGATGACGCCGGAAGAAAAACTTCTGCGCGCCATCTTCGGTGAA

........... v^_. : ::: :: ................. :............

EC CCGAAAGGTGAAACTCAGCTGACCCCAGAAGAAAAACTGCTGCGTGCGATCTTCGGTGAG

2700 2710 2720 2730 2740 2750

2800 ' 28.!0,""_'' 2820 2830 2840 2850

RC AAGGCCTC GGACGTGCGGGI%TACCTCGCTGCGTCTGCCGCCGGGCGCCTATGGCACGATC

.. : : : : : :: ::: ": : .' ::::: ..... : . :. :': .

EC AAAGCCTCTGACGTTAAAGACTCTTCTCTGCGCGTACCAAACGGTGTATCCGGTACGGTT

27 60 2770 2780 2790 2800 2810

2860 2870 2880 2890 2900 2910

RC GTCGAAGTCCGCGTCTTCAACCGTCATGGTGTGGACAAGGACGAGCGCGCGCTGCAGATC

............. :: .... :: :: ": ... • :: ..........

EC ATCGACGTTCAGGTCTTTACTCGCGATGGCGTAGAAAAAGACAAACGTGCGCTGGAAATC

2820 2830 2840 2850 2860 2870

2 920 2930 2940 2950 2 960

RC GAGCGTGAGGAGATCGAACGTCTCGCCCGCGACCGCGACGACGAGATGGCGATT--CGAA

:" : " : • . ... : .... ........ : :::

EC GAAGAAAY GCAGCT CAAACAGGCGAAGAAAGACCTGT CTGAAG2:ACTGCAGATCCTC G_

2880 2890 2 900 2910 2920 2930

RC 2970 2980 2990 3000 3010 3020 3030

CAACATCTATGCGC T<_GAAAACGC GATCCTTGGCAAGGTGACGGTCAAAGGGCCGAA

EC GCGGGTCTGTTCAGCCGTATCCGT-

,, ,pi,,,,, ,,,,, ,, ,, ,,i ,, .... ,i,



RC G,'_\CACC

EC

3040 3050 3060 3070 3080 3090
RC TCGATCAAGGCCGGGTCGGAAATCAC CGAAGAGCTGCTGGCGTCGCTGTCGCGTGGCCAG

: : : : : ::: ::: : ::: :::_' : .

EC GCTGTGCTGGTAGCCGGTGGCC_TTGAAGCTGAGAAGCTCGACAAAC_ GCCGCGCGATCGC

970 980 990 i000 I010 1020
r

3100 3110 3120 3130 3140 3150

RC TGZ TGGCAGCTGGCGCTGGAAAACGAAGCCGATGCCAAGGAAGTGGAAGCGCTGAACGAC
, : : : . 'o ._ : , , : '. : ', ,...., ., . : : : : : : : : : .... :

EC TG GCTGGAGCTGGG CCTGACAGACGAAGAGAAACAAAATCAGCTGGAACAGCTGGCTGAG
1.030 1040 1050 ._ 1060 1070 1080

31 60 3170 : _80 3190 3200 3210

RC CAGTTCGACGCGCAGAAACGCGCCCTTGAGCACCGCTTCGACGACAAGGTGGAGAAAGTC

EC CAGTATGACGAACTGAAACACGAGTT CGAGAAGAAACS;CGAAG CGAAACGC CGCAAAATC
1090 ii00 iii0 1.120 1130 1140

3220 323@_: 3240 3250 3260 3270

RC CGTCAGGGCGACGA'TCTGCCCCCCGGCGTGATGAAGATGGTCAAGGTCTTCGTCGCGGTG

EC AC CCAGGGCGACGATCTGGCACCGGGC_TGCTGAAGATTGTTAAGGTATATCTGGCGGTT
1.150 .1160 . 11'70 1180 1190 ].200

2

3280 3290 3300- - 331.0 3320 3330

RC AAG .,GCAAGCTGCAAGCGGGCGACAAGATGGCCGGTCGTCACGGCAACAAGGGTGTGGTC
_

" : ' : : ,' • : : : : ...... ,, . ............ ................, , . , . . , . . . . •

EC AI_,CGCC,,=TATCC'AGCCTGGTGACAAGATGGCAGGTCGTCACGGTAACAAGGGTGTAATT
1210 " " :_220 1230 1240 :]250 1260

3.340 .. g_ 0 : 3.360 .... 3370 3380 3390
RC ,CGAAAG _C-GTTC GATCGAAGACATG ,CCTTCCTGGCCGATGGCACCCCGGTCGACCTC

r-

..... : X::" ........................ ...... : : :: .: ..... :.: .

EC TCTAAGATCAACeC GATCG_GATA#GCCTTACGATGAAAACGGTACGCCGGTAGACATC
12'70 :_.... 1280 _" 1290 1300 1310 1320

34'00 3410 - 3420 3430 3440 3450
RC GTTCI?GAACCCGCTCGGCGT.GCCGTC GCGGATGAACGTCGGGCAGATCCTGGAAACCCAC

.i r ..i ,,,,

EC GTAC 2G_2_CCCGCTGG_CGTACCGTCTCGTATGAACATCGGTCAGATCCTCGAAACCCAC
1330 134% 1350 _, 1360 1370 1380

•"_"

-- ........ • ' , ,, ' - , _, ..... , .... ,.... " _ ", " ", ""','v' ........ _',¢r'-"- ","*-'---*'_""_",---""r '-'t'l,-',''p"_--l'l'-''_



un,, kn,hllldlllll&JJH, _ lh,L,iklLi Li +n,i _ IIIm .... , , IL , , ,Im_,
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!

3460 3470 3480 3490 3500 3510

RC ATGGGCTGGGCCAGCCGTGGTCTCGGTATCCGGATCGACGAGGCGCTGAA__AGC__CTA
: : : : • • • : : : : : : : : :: :: ::: : ..........

 39o I 2o
3+2o 3s3o 3s o 3sso 3s+o

EC GAAGTCGCGAAACTGCGCG_.TTCATCCAGCGTGCG-TACGATCTGGGCGCTGACGTTCG

1-150 1460 1,170 1480 1490 1500

3570 3580 2390 3600 3610 3620

RC CGACGA .....GACCTACGAGGACGTCfTCGCCGAGAT_GAGAACGAGCGG_rCATCGAAT
, , ,_+,+ , ,

..... : : '_: : ......... ::.

EC TCAGAAAGTTGACCT--GAGTAC--CTT--CAGCGATGAAGAA ...... GTTATGCGTCT

1510 1520 1530 1540

3630 3640 3650 3660 3670 3680
C ..... GT'" '

RC GCG+CGAACATGTGCGCGGC G GTGCCGA_CG<.CACCCCGGTCTTTGACGGGGCCAAGG
: [l :_: : [:::: :[: [:[ ...................

................... : :: :: :

EC G GCTG_AAACCTGCGCAAAGGTATGCCAATCGCAACGCCGGfGTTCGACGGTGCGAAAG

1550 1560 1570 1580 1590 1600

3690 3700 3710 3720 3730 3'740
.... _ ..... _ G _

RC I_£AGCC<=AqGTGAACGA. GC _C _GATCCGCGCGGGCTTCAACAAGTCGGGCCAATCGATCG

EC AAGCAGA/_TTAAAGAGCTGCTGAAACTTGGCGACCTGCCGACTTCCGGTCAGATCCGCC

1610 1620 1630 1640 ].650 1660

3750 3760 3770 3780 3790 .800

RC ?CTTCGACGGCCGCACCGGCGATCAAT_CGCCCGTCCGGTCACCGTGGGCGTGAAGTACT

, . ::: : : .,.......... :, :: ................. : • .....

. EC TGTACGATGG_CGCACTGGTGAACAGTTCGAGCGTCCGGTAACCGTTGGTTAC_.TGTACA

1670 1680 1690 1700 17,10 1720

3810 3820 3830 3840 3850 3860

+ RC TCCTCAAGCTGCACCACCTTGTCGATGACAAGATGCACGCCCGTTCGACCCGGCCGTATT
b ,

' : ........................................... .:

EC _ JC.._GAAAC ?GAACcACCTGGTCGACGACAAGATGCACGCGCGTTCCACCGGTTCTTACA

{ 1730 1740 17[]0 17 60 1770 1780
=

3870 3880 3890 3900 3910

RC CGCTCGTCAC-CAGCA-ACGCTGGGCGGCAAGGCGCAGTTCGGCGGTCAGCGTCTGGGGG
'' :_ 'X ::::: ....... :: ....................... : ....

EC GCCTGGTTACTCAGCAGCCGCTGGGTGGTAAGGCACAGTTCGGTGGTC_GCGTTTCGGGG

1790 1800 1810 1820 1830 1840

'1+lP'lO '"' ' ",' "I,,P[P" "' '+ " .......... P'"'71_' +I'PI'""' ,,_ ,_r, 'rll ,IP,,, ' ,n , '"Ill_t_'l + "II'l; ttllll I'll'' "' 'PIHrPI" I_ ,n .... lr, '"""+t'p_P ..... ii' +'l'P_ llll



3 920 3 930 3940 3950 3960 3 970

RC AGATGGAGGTCTGGGCTCTGGAAGCTTACGGCGCCGCCTATACCCTGCAGGAGATGCTGA
.,,,.o, 6. ..,o, J,,,D,,, _a,,,o,, ,

EC AGATGGAAGTGTGGGCGCTGGAAGCATACGGCGCAGCATACACCCTGCAGGAAATGCTCA

1850 1860 1870 1880 1890 1900

3980 3990 4000 4310 4020 4030

RC CGGTGAAGTCGGACGACGTCGCGGGCCGGACCAAGGTCTACGAGAGCATCGTCAAGGGCG
............... :. :: ...... : ..............

EC CCGTTAAGTCTGATGACGTGAACGGTCGTACCAAGATGTATAAAAACATCGTGGACGGCA

1910 1920 1930 1940 1950 1960

4040 4050 4060 4070 4080 4090

RC AGGACAACTTCGAGGCCGGC GTGC--GAATCGTTCAACGTGCTCGTCAAGGAAGTGCGGG

EC ACCATCAGATGGAGCCGGGCATGCCAGAATCCTTCAACGTATTGTTGAAAGAGAT_CGTT

19"70 1980 1 990 2000 2010 2020

4100 4110 4120 4130 4140 4150

RC C-CTCCGGCTCAACATGGAACTCCTGGATTCGGAGGAAGAGTGAGCGCGAAACTGCACAC

EC CG _TGGG_ ATCAACATCGAACT ............. GGAAGA-CGAG

2030 2040 2050

RC CCCCCTCT GACCTCACGCAAGGAAGATCTGATGAACCAGGAAATCACCAACAACAACC CG

TTCAACCCGCTGGCGCACGAAGGCCTTTGACGAGATCAAGATCTCGCTTGCGAGCCCTGA
ACGGATCC *4284
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Figure 3. Pulsed field electrophoresis of restriction fragments of

chromosomal DNA from Rhodobacter c_a_psulatusSBI003. Conditions of

electrophoresis: 1% agarose, switching time 5--25 sec, i0 V/cm in the

BioRad CHEF apparatus, run for 20 hours. A=Xbal, B=Asel, C=Xba/Ase,

D=pr__!al,E=Dra/Ase, F=S_2_I, G=S_p_e/Ase, H=XDa/,_, and-_='Scal.---Siz-_

in kb at the left are based on st_nnd..rdsof lambda DNA _ultimers, not
shown.
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Figure 4. Determining the physical map by hybridization with eluted

bands of DNA from the pu.l.sedfield gels. Lanes A,B, and C contain DNA

digested with X__b_al,As__e_l,and the double digest, respectively. Band 7

(195 kb) was eluted from a gel like that shown in A, labeled and used to

probe the blot A'B'C'. The bands identified are., in lane A' Xba-7 itself,
in lane B' As___e_-12and-13 (the lower single arrow on the left) and in

lane C' the two bands indicated by the two lowest arrows in both parts
of the figure. A physical map consistent with these results is shownbelow.

i





Figure 6. A typical result obtained using the device shown in Figure 5.

The probe was Xba-LO (about 60 kb). Approximately 20 cosmids react

strongly, another 17 weakly. Since this fragment represents i-1.5% of the

chromosome, we would expect to find 8-12 cosmids hybridizing strongly if

the library is completely representative. The excess observed may mean

that there are repeated sequences in the probe. Alternatively, Xba-lO

may be overrepresented in the library°








