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dom asmbly of three doaay rebted mdearlw building blocks Thes- 

I 
www.sciencemag.org 

chernicats p&.ect the pupa from ppdation. [Image. Maria Eisner] 

NEWS OF THE WEEK 3 ~ K o u x ; v : B u i l d i n g a ~ B u g  - 
Trust Give $1.75 Billion Boost to R&D 322 ~ C R # , ~ b y t h e l n c a s ?  

31 5 PAIEONTOLOGY: Smuggled Chinese 
Fossils on Exhibit 

NEWS FOCUS 

3 MICROBIAL GENETKS:- Meals 
317 ACRKULNRAL Want Bw* 353 Wiles and Weak Poi* of S m  

Score Tkro New Major FiKHItles 375 

318 PlJBUC HEALTH: E p i h i w  Named 326 CENTRAL AND EASTERN EU- kicntlrtr L '  

CDCDirector Step Onto the Political Stage 

p #: r 318 PHYSICS PUBUSHING: Russian Academy to 327 INWNESEcTurbulentTimes 
,t d-%q ,! $-. ..% '. , : , End AIP Journals Deal? Trouble for Science 

intimate Look? ': 319 Ru- Relief From Finance Farce? 329 EVOCUTI0N:Traeking the History of the 
at an extinct ,319- PNEOMOLOGY:A Fruitful koop for Genetic Code 

. . - 402 - . ' zlrr-c.q- AndHlt DNA The First Won and Its Dexendants :,<: , % ~5~ ,, $, 

*, .> .<, ,; :. e**s.* * .. 320 ASTRONOMY: Glow Reveals Early Star 331 P~ANT PHYSOUXY: Plant Biology in the 
Nurseries Genome Era 

, . 

RESEARCH ARTICLE5 
~ 3 7 5  Camplete Genome Sequence of 

Tneponem pallidurn. the Syphilis 
SpjtOchatr C. M. Fraser, S. J. Norris, C. M. 
Weinstock, 0. White, C. C. Sutton, R 

RANDOM SAM Dodson, M. Cwinn. E. K H i ,  R Clayton, K. 
A Ketchurn, E. Sodergren, J. M. Hardham, Fd. 
P. McLeod, S. Saltberg J. Peterson, H. Khalak. 

''. D. Richardson, J. K How& M. Chidadwan, 
T. Utterback, L McDonald, P.Artiach, C. jl$g ,Water as a Dlwse leelike Component in 
Bowman, M. D. Cotton, C. Fufii, S. tarhd, 'R ', ,Silicate Glasses P. Richet and A. Polian 
Hatch, K. Horst, K. Roberts, M. Smkky, J, a + Evidence for law Earthquakes in 
Weidman, H. 0. S m i i  J. C.Ventw . -. . 

, 'Metropolitan Los Angeles C. M. Rubin, S. C. 
Cindvall, T. K. Rockwell 

, REPORTS Molecular C o p r o q  Dung and Diet of 
NEW PRODUCTS the Extinct Ground Sloth Nothmthefiops 

shstemi H. N. Poinar, M. Hofreiter, W. C. 
Spaulding, P. 5. Martin, &A. Stankiewia. H. 

- m d .  R P. Evershed, C. Posrmt, 5. PUbo 

$7 - T-- spin--1= 
Transbkm Formed by\hcuum Bonding 



SCIENCE 
THE JOURNAL ONLINE 
wwwsciencemag.org 

, SCIENCENOW 
DAILY NEWS SERVICE 
wwwdencenow.org 

NEXT WAVE 
WEEKLY CAREER UPDATES 

w-og 
GRANTSNET 

RESEARCH FUNDING 
DATABASE 

~-m-org 
NEuR~A~OS 
EXPERIMENTAL 

WEB SITE 
www*ncemag.~ 

N A l h C  

Change of address: allow 4 weeks, giving old and new addresses and 8-digit account number. Postmaster: Send change of address to Science, P.O. Box 
1811. Danbury, CT 06813-1811. Single copy sales: $7.00 per issue prepaid includes surface postage: bulk rates on request. Authorization t o  photo- 
copy material for internal or personal use under circumstances not falling within the fair use provisions of the Copyright Act is granted by AAAS to 
libraries and other users registered with the Copyright Clearance Center (CCC) Transactional Reporting Service, provided that $4.00 per article is paid 
directly to CCC, 222 Rosewood Drive, Danvers, MA 01923. The identification code for Science is 0036-8075183 $4.00. Science is indexed in the Reader's 
Guide to Periodical Literature and in several specialized indexes. 

w w w . s c i e n c e m a g . o r g  SCIENCE VOL 281 17 JULY 1998 



The new standard in 
protein purification. 

For years, FPLC@ has been making history as the 
standard in lab-scale protein purification. 

Now, we are set to make history all over again. 
~KTAfpLc@makes it easier than ever for you 
to  achieve the most accurate, reliable results in 
lab-scale protein purification. 

For a start, the ergonomic, compact design of 
AFAFPlc makes it more versatile and easy to work 
with. tts unique, integral rack is fully adjustable 
to  accommodate a wide variety of configurations 
for different purposes. 

AKTAFPLC features the same proven pump 
technology that you'll find in its famous sister 
system. But now it has twice the throughput 

And with the pre-programmed templates 
of UNICORN@ 3.0 for Windows N T  contrd 
software, you'll spend even less time setting up 
your experiment Just select your options from. 
the graphical interface, and do it 

What could be simpler or  more 
efficient? AKTAFPLC means fast, reliable 
results, time after time after time (there 
again, some things never change). 

.For more information about 
AKTAFPLC and other systems within the 
AKTAdesign platform please call' us. 
at: + 1 (800) 526-3593 in the USA; ! 

+81 (0)3 3492 6949 in Japan; 
+46 18 I 6  50 I I in Europe and the 
rest ,of the world. O r  visit us on the 
Web: www.apbiotech.com/akta 

used and cited p u ~ ~ n  system. k is the only 
system of its knd to be selected for &plot. in 
The Science Museum, London. 

amemham phannacia biotech Windows N7 is o Rgisteed mdemrk ofMicm~ft Corp. 
I 
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GEllERELEASER 
PCR* READY DNA IN 5 MINUTES 
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SYPHIUS GENOME 
The agent that causes syphilis, Treponema 
pallidum, cannot be cultured continuously 
in vitro, which has hampered studies of its 
pathogenesis and virulence. The complete 
genome sequence of T. pallidurn has now 
been determined by Fraser et aL (p. 375; 
see the Policy Forum on syphilis elimina- 
tion by St. Louis and Wasserheit, p. 353, 
and the news story by Pennisi, p. 324). 
Analysis of the metabolic pathways used 
by this spirochete should aid in efforts to 
culture the organism, and evaluation of 
the outer membrane proteins indicates 
possible vaccine candidates. Comparison 
with other bacteria, such as the Lyme db- 
ease agent Borrelia bu~dorfer i  and an- 
other metabolically limited bacterium 
Mycoplasma genitalium, provide clues to 
the basis for microbial diversity. 

PINNING DOWW METHYL-E 
Methyl bromide is the main atmospheric 
component containing bromine and plays 
a role in orone deJtnrction in the sttato- 
sphere. Many of the sources and sinks of 
methyl bromide are incompletely under- 
stood, which results in large uncertainties 
in estimating the relative importance of 
natural and anthropogenic sources and 
the residence lifetime of this compound 
(which is an important factor in determin- 
ing how much will reach the stratosphere). 
Colman et al. (p. 392) now provide an in- 
dependent estimate of the residence life- 
time, independent from source and sink 
estimates, which is based on determining 
its spatial variability relative to other at- 
mospheric compounds with known life- 
times. The resutt is consistent with prwi- 
ous estimates from source and sink strength. 

FROM WATER TO ICE 
Small amounts of water in silicate mag- 
mas, either d i i  as hydroxyl ions (OH-) 
or present as moleailar water, can change 
the bulk properties of the melt and alter 
the ascent rate of the magma, which af- 
fects not only enrptiw processes observed 
on the surface but also the amount of 
chemical fractionation in magma reser- 
voirs below. Richet and Polian (p. 396) de- 
termined the partial molar volume and 
bulk modulus of water dissolved in iron- 
free, andesitic glasses through density and 
Brillouin-scattering measurements. The 
volume and bulk modulus of the dissolved 
water was independent of the water con- 
centration and similar to ice VII. Ice Vll is a 
network of H40 tetrahedra formed by 
shortening of hydrogen bonds, which sug- 

THIS WEEK IN SCIENCE 
edited by PHIL SZUROMI 

gests that the main mechanism of com- bin et aL (p. 398) obtained a paleoseimic 
pression of water in the glasses may also record for the Sierra Madre fault, which 
be hydrogen bond shortening through a extends along the base of the San Gabriel 
clustering of OH- ions. Mountains and ruptured in the 1971 earth- 

that the fault ruptured twice in la;& 
imagnitude events (7.2 to 7.6) during the 

W I N G  INTO OLD DIETS 

ences from a coprolite 
ground sloth that lived 
.This analysis could be 
r the DNA was first - f~eed from sugar-derived condensation 

products through an agent that cleaves 
; chemical aosstinks. Analysis of the ampli- 
, -fied DNA, which ranged in size from 153 to 
:, 273 base pairs, indicated that the sloth had 
',ingested represent at*^ of six families and 

2 -ASSEMBUNG PROTEIN GELS 

'k Du EET with changes in tem- 
1s that can reversibly transform 

WI 

4 numerous uses, such 

gels are complex and their behavior & the 
molecular level is often poorly under- 
stood Petka et at (p. 389) have used protein 
engineering to create reversible hydrogels 
that undergo transitions in gelation near 

bonding; a platinum neutral pH and ambient temperatures; 
licon emitter to a teucine zipper domains were ineorpomted 
silicon collector. Th that can aggregate through coiled-di in- 

tetactionstocontrolthefomTationofthm- 
dimensional networks. 

REGULAllrdG NOTCH 
The specification of tissue boundaries in 
vertebrates and invertebrates has been 

LA'S SEfSMiC HlSTORy shown to involve the Notch family of re- 
The greatest seismic risk in Lor Angdes , cepton. In Drosophila, Notch is broadly 
. may not be f m  the more distant San distributed in the wing; however, wing d c  
Andreas fauk but from smalter nearby velopment requites tight regulation of 
thrust faults, such as the ones that wp- Notch, limiting target gene activation to 
tu rd  duting the 1994 Northridge (magni- the donoventral boundary. One mecha- 
tude M6.7) and 1971 San Fernando (M 6.7) nism to limit Notch activity involves the 
earthquakes. The size and frequency qf protein Fringe, where Fringe modulates 
potential earthquakes on these faults has the sensitivity of Notch for its two Ligands. 
been uncertain because the record of pre- Neumann and Cohen (p 409) rqort  an- 
historic ruptures is poorly resolved, and other Notch regulatory mechanism. For 
there are some suggestions that earth- this mechanism, tty POU W t n  protein 
quakes greater than M 7 are unlikely. Ru- Nubbin competes !kith Notch-depmht 

CoNlmImoNmESO? 



The Ecdysone-Inducible Mammalian Expression System 
Proof that we are. indeed. control freaks. 

- 
Inducible V 

SPEUf IC INDU( 

the Ecdyrone-In lerything you 
on a unique imect regukory mman 

€ntemdions with endogenous mammauan regumrory molecules 
ammfnimized. The Ecdysone System does not rely on pmkaryetic the most powerfu 
opecator dtes to control induction as do other regulated systems, experiments. Call 

Mammalian Expressr-- 

European Headquarters: 
Invitrogen BY 
Oe Schelp 12, 9351 NV Leek 
The Netherlands 
Tel: +31 (0) 594 515 175 
Fax: +31 (0) 594 515 312 
Email: tech-service@invitmgen.nl 

Toll Free Phone Numben: 
Belgium 0800 111 73 
Denmark 800 188 67 
Finland 990 31 800 5345 
France 00 31 800 5345 
Germany 0130 8100 43 
The Netherlands 0800 022 88 48 
Norway 800 113 70 
Sweden 020 795 369 
Switzerland 0800 551 966 
United Kingdom 0800 96 6 1  93 

Distributorr: 
Australia 1 800 882 555 
China 010 6255 3477 
Hungary 0 1  280 3728 
India 9 1  80 839 1453 
Israel 02 652 2102 
Italy 02 38 19 51 
Japan 03 5684 1616 
Korea 82 2 569 6902 

United States H e a d q u g k R I  
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THIS WEEK IN SCIENCE 
CONTINUED FROM PAGE 305 

activating signals to repress Notch target 
genes, further limiting Notch activation to 
cells near the wing margin. 

~ T I Z G L m € r u l l € W O W <  
The decoding of genetic information k- 
gins with RNA polymerase, the enzyme 
that uses daub&-stnnded, hc(ical ONA as 

RNAThehcUlinwrt be unwound anQ the 
hydrogen bonds between the -nu- 
deotMe paks,must be bm%m in *to 
sequentially ordcr'subrtrate ribonu- 
cleotides k f c a  pdynmlling them into 
RNA. Nudler et al. (p.424) hsw mapped 
the relative W m  of portlonr of the 
enzyme complex and the DNA-WU try- 
brid at various Sages of -. 'he 
- l y t k - W 1 P e n p ~ ~ -  
is near the portfen of the enzyme f ia t  
guides the nascent stt9ml of R N A  This 
Juxtaposition may wpWn how doubte- 
stranded regions d W pmmote termi- 
nation of transcription. . 

DouMY FAST 
It has been widely aaepted that a single 
neuron coutd only &me one nesnatrans- 

not changed this general rule for fast neu- 
rotransmitters. et d @. 419; see the 
Penpective by Nkdl and I.daenka,p.360) 
show that inhibitory interneurn in the 
spinal chord corelease two fast neuro- 
transmitters, glyeine and yaminobutyrtc 
acid (GABA). They also prcwide evidence 
that a substantial amount of miniature 
postsynaQtic ammb an composed of a 
GABA and a glydne compomnt 

AMPTERPucmINARNmEs 
S0mewhkeMoodcelk~an"adaptcr 
protein," SLP-76, wh&h has been thought 
to bring together various types of signal 
tmsduction molecules in T cdls after the 
T cell receptor binds an antigen. Wonski 
et at fp. 413) datcrmintd that UP-76 is 
~ f a t ~ o n o f ~ s i g -  
~ ~ p h o s p h d i P = C + ~ t h @  
Rw-dpkg pathay. In an examination 
of SLP-764ficicnt mice by CLements et 
4. @. 416). SLP-76 was found to be re- 
q u i d  for the maturation of T cells, but 
not for B cells or other lineages. Together, 
these studii provide a fnrmevuwk for un- 
dcrstanding the mechanii of action and 
the in vivo function of UP-76. 

'BEETuOlEmrmv 
h e  Pupa of the sqwsh (m 
h U s )  is the unusual soum of a coRlbi- 
natorial library described by Ww5der et 
d (p. 428; see the cover and the news 
stmy by Campos, p. 321).fhe family, corn- 
m g a  twJuid M m  - 
struaures, is~fronrj lrstt lmepar-  
ent components. T e d  polyazamaa9- 
Lides,theseawnpoundsani~hthe 
defense of the insect against predation, 
although their precise mode of action and 
the possible evolutionarv benefits con- 

ma-, and even -he discgwyoCpcptEdds f e d  by the cornbinat~l'al phcnomcnon 
and slowly acting nduromddkm has remain to be determined. 

TECHNlCAC COMMENT SUMMARIES A 

N. Rostdcer et aL proposed (21 Nav, 1419) a *coklhg basm frtrion mdx" with "& 
alternate confinement system the k$cbnr.rd con(Cption [that wwld confine] 
beams of protons and boron-1 1." The design might "sob  t)K probltms of Tdca- 
mak mctm." 

W. M. Ntvins discuses "nonthed ion disWhtionsn and aandudw that "the fu- 
simgbin ... w~lldbe&Lcm#rthmtheval~tof27~byRostokwetd"ACarC 
son comments that 'a Large power input wwdd ... be required' and that mdntdning 
equilibrium would be "a Jerlour pmbh." 

Rost~etsl.rrspondtoNcnhEbypravidlngdetsasd~'ofhcatlngof 
electrons by boron xattering."They Carlsan's a mem by presenting a Tormula 
for the power density required to b w ~ o m e  the W o n  between proton and boron 
beams' that induck the force of the magnet& field. 

. . '  
rsvokrtionized the efficiency 

gf donfnO PCR prod- 
ucts. Promega's broad - of T-Vector 
solutions takss PCR doniag to a new 
level. Our in- r-Wr de&n 

I PCA pm8uc$ in a wide mqp of&$&: 
a t o n s h r d u l a r m ~ w d m a m -  

' yithpveT-\fecaw~available, 
c i m o s t h a m o s t ~ s d u l k m  

fary~lrappiiollSon: pGEMQ-T Vll or 
p G E M a T E a s y V I l W ~ r ~ f o r  
Mah-f-produetm 
orthe p T m 6 ~ P  QYQlBWItfar~ In 
mammalian cdls. Our umddwW#wiw 
and support IW&& Ml mdemb p u r  
-*w-dwka- 
aionsadstanw. 

~ y o u r b a ( R P r n a g a B r P n c h O l t l a w ~  
for your FREE PCAUanbu Brwkws BROls 
P b a r O W Z ? 4 - 4 # O r ~  
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)or powertu~ analysis, use powerful tools. 
8eneauestTM guides you to the treasure in DNA sequences. 1 
Whether your project is s 

Identify coding regions, splrce sites, 
regulatory elements, and more 

Find matches in published data with. 
" the integrated BLAST search" 
" .mport known features from Genbank 

Annotate features and save In Genbank format 

Deliver expert performance 
on Win95/98/NT and Mac 

There's more. The demo's free. 
Call DNASTAR and make the ult~mate d~scovery. 

-- 
Citr ;~~ ~ l o .  PO on Redue ce CBrd 

equlres Internet access 

DNASTAR, Inc. [USA) 1228 S. Park St., Madison, W I  53715 
Phone: 608*258*7420 FAX: 608*258*743! e-mail: info8dnastar.com www.dnastar.com - -  - I  - -  - A &  

I  - -- 
I I  - - 

IN GERMANY GATC GmbH Fr~tz-AI nold-Str 23 D 78467 Konstanz Gel many I I I -- - 
I I-- --7 
I I -  -I- 

Phone 49.7531 -81600 FAX 49.7531 *816081 e mall sales(~~gdtc de 
I - - - -  - 
I  .I- - - -- -- - ---  - 7 7  

IN JAPAN Te111n Systems Technology Ltd 2 38 16 Hongo Bunkyo ~ L I  Tokyo 113 0033 Japan 
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The OpenGeneTM Automated DNA Sequencing System. 

The smartest way to get results. 

The mTM system by Visible Genetics. It has the intelligence to perform a complete 

range of automated DNA electrophoresis applications. And the power of a versatile, fully 

integrated platform for obtaining rapid, reliable, and reproducible results. But its real software is based on t 

genius is that it's easy to use. bright idea that it's a 
more useful if it thinks along 
with you. For example, you - designed to help you work a whole lot smarter, the MicroGene can compare a patient's 

ClipperTM sequencer lets you sequence 8 samples of 400 bases in sequence to databases with 
thousands of possible 

just over 30 minutes - with 99% accuracy. As well, you can easily matches. In seconds, the 

J expand your lab's processing capabiliry as multiple sequencers can be software will identify 

operated directly from a single workstation or over a network. the best fit. What's more, 
databases are optimized 
for HLA sequence-based 

GeneObjectsTM software is a powerful analysis and data typing, HIV genotyping 
and HPV applications. 

management tool. And it's easily customized to meet your lab's If the QitdimO system 
specific needs for sequencing and fragment analysis, patient-based by Visible Genetics sounds 

assay management and the networking of multiple sequencers. Plus extraordinarily smart, it is. 
And it comes at on equally m is the fastest system to learn. attractive, ihtelligent price. 
Give us a call and we'd 
be pleased to arrange r 

Optimized, pre-packaged GeneKitTM reagents set new standards 

for reagent accuracy and reproducibility for labs performing HLA 

sequence-based typing, HNresistance genotyping and many other 700 Bay St ,  #lo00 
Toronto, ON Canada M5G 121 

molecular diagnostic applications. 

infoQvisgen.con~ 

V e r y  s m a r t .  V e r y  e a s y .  V e r y  f a s t .  Toll Free.: 1-888-463-6844 

N. America: Tel. 41 6-81 3-324 
Fax 41 6-813-3262 

Europe: Tel. 31 (0) 71 523-1428 
Fax 31 (0) 71 523-1 620 

Circle No. 22 on Readers' Service Card 
m m ,  M i c r o h e  Clipperm. For research purposes only. Not fn* 
GencObjeets". Gel Toasterm, 
MicroCeP, and GeneKitm are use in diagnostic procedures. 
tradema* of Visible Genetia Inc 

VISIBLE 
GENETICS INC. 
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4t It takes c l a  vision 

And Nikon's vision has revolutionized microscopy. 
The vision is Eclipse. The technology is groundbreakiig. better clarity than ever before. Experience the clear vision 

Eclipse microscopes, with their CFI60'" optical system, redefine of Eclipse for yourself. To schedule a demonstration of either 
infiity with the longest working distances, highest numerical the E800, Em, or the inverted TE300/200, call us at: 
apertures, and widest magnification range and documentation 1-800-52NIKON, ext. 330. 
field sizes ever. Eclipse microscopes have proven themselves 
in research facilities across the country. The vision continues... 

New high-tech advancements continue to be developed 
In the E800"' and mOO~OOTY are including our new physiology workstation, the Eclipse 
numba one selling research mimxqm in their class,* E600FNm with its unique, easy-to-position, focusing nosepiece. 

And you can rely on all the Eclipse microscopes to meet Or, check out the ultimate in digid microscope automation, 
the most diverse observation and imaging requirements, with the new Eclipse E1000': 

Nikon 
*-an rhe WFiecibion b t s  h i a t i o n ' s  (OPIA) 
Fad Qu. 1997, USA. Miaoscope Survey Redefining Infinity 
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Experimental Freedom! 
No more filters1 The Spectral Confocal Microscope Leica TCSSP: 

Choose any Emission Wavelength 

Choose any Bendwidth 

Separate closely spaced Fluorescent Dyes 

Exclude Cross-talk 

Improve Detection Sensitivity 

This changes everything! 

Leica Microsystems Heidelberg GmbH Tel. t49 (0) 6221 41 480 
Im Neuenheimer Feld 518 Fax +49 (0) 6221 41 48 33 
D-69120 Heidelberg (Germany) http//www.leica.com 
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PCR optimization 
in one single experiment 

The determination of the right annealing temperature is Of course, both Mastercyclers are licensed and 
crucial for establishing a new PCR experiment. The new authorized for PCR. 
all-round genius Mastercyclef gradient is an innovative, 
compact thermal cycler for even the most demanding 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4  

PCR' applications. Its gradient function enables a tem- 
perature gradient of up to 20 "C to be generated across 
the block, thus optimizing the annealing, denaturation, 
or extension temperature in one single experiment. 
Its 96-position all-in-one universal block can accommo- 
date 96 x 0.2 ml tubes, 77 x 0.5 ml tubes, or one 96-well 
plate - without block exchange. 

The exact block homogeneity ensures reproducible 
results. Variable, high incubation speeds as well as time 53 "C b 67°C 
and temperature increments for hot-start, touch-down, 
and long PCR provide maximum programming flexibility. Experimental determination of optimal annealing temperature. 

The calculated primer annealing temperature was 56.5 "C, the 
The Mastercycler personal is designed to meet personal actual annealing temperature is 63.5%. The ribosomal spacer region % 
applications. Its 2bposition all-in-one universal block of mycoplasms from H9 cell cultures was amplified. E 

P 

holds 25 x0.2 ml tubes, 16x05 ml tubes, or one micro- !! 
C 

'PCR (Pdymaaae Chain Reachon) s v e d  by patem The patem b held by Homnam-La Rcche 
plate in a 5x5 grid. P r a w  01 the peten(ed ~o)ymerase chain R e a c h  (PCR) - t w m a  a kame 

TheEppendaf~CydasamAuthoriredThamalcyC~andmaybeusglwimPCRllanses 
B 3 

svaHaMehomthePerkrnBmerCaporabon.TherusewthAuthoriredReagentoaknpondesahmited 
P C R l l a n s a h ~ w t h t h e W ~ ~ s u c h ~  

Personal memory cards for 10 individually developed '$ 
protocols allow an easy and comfortable method transfer .- a 
between both Mastercycler models. k 

E 
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Eppendorf - Netheler - Hinz GmbH ~22331 Hembwg . Germany . Phone (4) 40-53801 -0 . Fax (4) 40-53801-556 
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Eppendorf Scientific, Inc. . One Centiegue Road . Wastbwy, NY 11590-0207 - USA . Phone 800-421-9988 or 516-676-6800 Fax 516-876-8599 
websk vww..ppendalsl.com - 0-man: -crm 
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I DISCOVER WHAT 

The Leading Edge 
in Neuroscience 

For over 18 years, neuroscientists 

have depended on the quality, 

expertise and service of 

RBI. Today, our company 

manufactures and distributes 

over 1,600 chemical and 

biochemical products for 

investigating cell signaling 

pathways in the central and 

peripheral nervous systems. 

PRODUCTS FOR 

I THOUSANDS OF 

S I G N A L I N G  PATHWAYS 5 - 
Pure Excellence 

The consistent quality and 

high purity of RBI products 

are recognized worldwide. I 
All are backed with detailed 

documentation, including 

structures, physical properties I 
and references to protocols. 

RBI Provides the Most Comprehensive 

Selection of Specific High-Purity 

Compounds to Study Signaling Systems 

I SIGNALING INNOVATION 

RBI is a Member of the Sigma-Aldrich' Family of Companies 
I 

Tel: 508.651.8151 Fax: 508.655.1359 v5ww.callrbi.com I 

IP ,  1 D A G  d 
Expertise, Support and 
Sewice You Can Trust 

We develop and manufacture 

many of our products, so you 

can count on us for expert 

technical support and 

responsive customer service. 

Make the RBI 
Discovery Today 

The 1998 RBI Catalog 

features over 1,600 research 

products for neuroscience, 

signal transduction and 

peripheral nervous system 

studies. We offer the most 

complete listing of high-purity 

neurochemicals in the world. 

For a free catalog, call 

us a t  800-736-3690 

or 508-651-8151 or 

visit our web site at: 

www.callrbi.com. RBI - it 

could be the most important 

discovery you make today. 
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The Complete System 

/- 

For 6x1 U~~ 4 Proteins 

Express Detect 

QlAGEN offers you more than any other company when it comes to recombinant protein work. 
% L  > , . 

- - - - ,, , ., , : + -- -.-a 
, , 

I 
2> , h - 

High-hwelqmssh. soptimized vector kith, ,., deledion - a choice of 
and host-strain system for the production of highaffinity monocloncrl Anti. His Anti bodies to 
functionally active 6xHis-tagged proteins detect any 6xHis-tagged protein 

I 
imprwed -ing and i m m u n k q  -$ 

- superior metakhelate immobilization of functional 6xHis-tagged 
chromatography with Ni-NTA matrices proteins on Ni-NTA Hissorb'" Strips and Plates 

I 

b l e m  more about how he Qbxpm9 System can oph'mize your resecrrch call QIAGEN, 
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M ( M ) 4 l 2 5 5 7 2  h d r e r . i * ~ ~ G b H , ~  . \ 5 VZ>" - . 1 1.-S7&.i,. .,,'.*,--L+.: . . I .. , . 

d i n  



away. 
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I R your ~ysiatogy instrumentation needs. 

"Whm can 1 
1 li7Js&] 

slrmga -7" 

L And provide you 
with clear solutionsm -- - - For the best technical support in the 

business, call your local Pall Gelman Sciences office. 
We'll clear up your questions about filtration. 

hsinlh Tel: 2-94 282333 Frame Tel: 01 -64 61 52 52 
Mmnany Tel: 0 61 54 160 22 0 Italy Tel: 2-69006109 

Japan Tel: 3-3844-541 1 UnM Kh@door Tel: 01604-704704 
Unitsd Stub Tel: 800-521 -1520 (U.S. only) or 734-665-0651 

wnm.gelman.com 
Supx ts a regWed tmh~ntk of Pal CapcratiMl. 

Sum ts pm$ctsd by U.S. and W n  patents. 
Q Pall Cmpmtirn 1998 P.&.Ordering,is easy. We con sh& @ed on intern&? 

, . '  **.' ..:k. f ; , . ;  
-- - - - - - 

Circle No. 32 on Readers' Service card 



ultjple mRNA Detection 

.':?: 

hCC-1 >;:,$h~C-2 
, i - T  

Cdkl =Z::$p 1 30 
Cdk2 Rb 
Cdk3 p107 
Cdk4 ~ 5 3  
P27 ~ 5 7  
~ 2 1  P27 
PISSLRE p21 
PI6 ~ 1 9  
L32 PI8 
GAPDH p16 

01 4/1 

Cyclin A2 
Cyclin 61 
Cyclin C 
Cyclin D l  
Cyclin D2 
Cyclin D3 
Cyclin A1 
Cyclin 62 
L - ?  
C PDH 

Cyclin E Cyclin A 
Cyclin F Cyclin 6 
Cyclin G I  Cyclin C 
Cyclin G2 Cyclin D l  
Cyclin I Cyclin D2 
Cyclin H Cyclin D3 
L32 Cyclin A1 
GAPDH L32 

GAPDH 

Cyclin E 
Cyclin F 
Cyclin G I  
Cyclin G2 
Cyclin I 
Cyclin H 
L32 
GAPDH 

i 3 2  

>c.Qu~ .nt' I 
GAP1 

Soon! 
Mulrl-Pro~e RNase Protection Assay System T ~ ~ J ~ ~  m b l a a n g i w s  
For research use only Not lntended for dlagnastlc or therapeutic procedures 

Circle No. 58 on Readers' Service Card 
and dev&bpmmW genes 

PharMingen International Canada United PharMongen States 
PharM~ngen Canada Tel 619-812-8800 

Asia Pacific Europe Japan Toll-Free 1-888-259-0187 Orders 1-800-848-6227 
BD Songapore PharMongen Europe Ful~sawa Pharrnaceutlcal Co Ltd Tel905-542-8028 Tech Sewlce 1-800-825-5832 
Tel (65) 860-1478 Tel(49) 40 532 84 48 0 Tel(81) 3 5256-5311 Fax 905-542-9391 Fax 619-812-8888 PHAHMINGE~ 
Fax (65) 860-1590 Fax (49) 40 531 58 92 Fax (81) 3 5256-5370 e-mall canada@pharmcngen corr Ip llwww pharrn~ngen corn A Berfot~ Dirk~n~nrt Cortpnny 
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5. ow did FuGENE" 6 Transfection Reagent become the toast of 

researchers worldwide? By rising above expectations! 

, . 
%w ~ * y o r c r  "L-m'wt cab* -yaufotgin'ng 

, . optmadoncnrd " ~ l e d ~ t i o n  

high potency in the mgmt e j i n o l f y  
t@wQTk*n p m e n C e 0 f s e ~  trm@&myceUs 
=- our favorite reagent t$wently.'" 
GaUegn of Medidns. Univ. of 

for tmnsfccting Cindnndi R- 

adheretct cellp." 
CNRWMR 6543, hance 

C.-- 
a- 

u n  c e 
Experience the superior performance of FuGENE 6 Reagent yourself 

with a limited-time, risk-free offer! Order FuGENE 6 Reagent (0.4 mi), and test 

7 it on your cells before October 31,1998. If you don't agree that it delivers high- 

er transfectlon efficiency, lower cytotoxicity, or greater ease-of-use than your - usual method, we911 credit back your full purchase price! lt9s a great offer any 

way you slice It and a great way to try FuGENE 6 Reagent without it costing 

you a lot of... 

m 7 
. A  

(6)4P189CI7,-61 in Wxko. Circle No. 51 on Readers' Service Card 

*For a list of >I20 successfully tmnsfected cell types, check 
out http:lhi~~hem~hn'nger-mannheim~~mltechse~lfugme.htm MENP b a blde~lk of- LLC. 
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I There's a good measure 
of art in the science 
of custom peptides 

Peptides aren't always so pretty. In fact, offer suggestions to improve your odds of Mcrographs courtesy of Michael W Davrdson, 
some sequences can be downright adven- success. Then, because every Genosys director of the Optical Microscopy Division of the 

turesome. The art is knowing which ones. custom peptide comes with a 100% National High Magnetic Field Laboratory 

Your project may depend on our peptide. satisfaction guarantee, we'll do our best 
ence together, to get it right. 
we'll take it Of course, you'll get proof of perfor- 
apart - with mance: mass spectral analysis for composi- 
a thorough tion, and HPLC for purity. Antisera service 
analysis, just and a wide variety of modifications are 
to make sure also available. 

there won't be any surprises later. Want a closer look? Let us quote on your 
And if we see a potential problem, we'll peptide, and we'll send you a free poster. To 

tell you. That way, we can talk it over, and see something really beautiful, place an order. 

Genosys Biotechnologies. Inc.. The Woodlands, Texas, Phone: (281) 363-3693, E-Mail: ~ n f ~ @ ~ e n o ~ s . c o m  . 
Cambridge, U.K., Phone: (+44) (0)1223 839000, E-Mail: genosys@genosys.co.uk 
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Make your connections 
with speed and accuracy. 





Mirade beads 
. ~ l m r m i c U - ~  

.+3'C-+20E adjustable 
temperature - suitable for Ligation. 

.Small power consumption. 

0+3t fixed temrature  - 
0+35"C-+70"C adjustable temperature. - easy to replace from conventional bucket 

with ice. 
.Small power consumption . 

 he prices base upon FOB San Jose. 

CA ~ ~ ~ m m n m n n m  ACIAAI T N E C  Inshmmts  USA, Inc r n r  r  c w w u n r u r u r  I r u n  
1450 Koll Circle #104, San Jose, CA 95112 Nishikata 2693-1, Koshigaya-shi, Saitama-ken, Japan 
~ o l l  free : (888)-&TAITEC Phone : (408)451-2040 Phone : (0489)-884338 Fax : (0489)-88-8363 
Fax : (408)451-2056 E-mail : taitecetaitec-usia.com E-mail : taitec-izumiOma4.justnet.ne.jp 

MonocIonaI Epitope Mapping Service . .. Circle No. 67 on Readers' Service Card 



Unleash Awesome Protein Analytical Power! 
It's Not Fiction. You don't often hear the word "awesome" used 

to describe analpcal instruments. But Finnigan's LCQnl with SEQUEST" 
delivers truly awesome speed and power in protein analysis. 

We've paired our MS/MS ion trap technology with web-based 
SEQUEST software, breaking all barriers for automatic library searching. 
As genomic data bases expand, so do SEQUEST's productivity gains. 

The LCQ also provides MS/MS performance for the price of many 
MS-only instruments. This makes LCQ's breakthrough performance 
available for routine analysis in addition to high-end research. 

%s powerful, versatile mass spectrometer provides primary protein 
sequence information quickly and accurately, often requiring less than 
one-tenth the amount of sample needed by traditional instruments. 

Plus, LCQ easily identifies proteins and their modifications, even in 
complex mixtures. T - 

It takes a lot to get us this excited over a system. Share in the 
excitement by calling your nearest F i g a n  office or visiting our website. Thermoauest 
http:llwww.finnigan.corn 

F l N N l G A N  
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Tired of Ethanol 
Precipitati 

The DYNAPURETM Dye Terminator Removal Sy 
biomagnetic separation for the rapid remov 
your sequencing reactions. 

SAVm8 T IM I  
A simple, all In one-tube cleanup mctlon wtth dl 
loading onto your sequendng gel In less 
mlnutes. Easily automated udng most 
stcltlor#, end a Dynal MpC.-auto96 magnet 

Run Standard Dye 
. rBOOCpk Terminator Cyde 

IMPROVES RIESULTS ,fag .?:- 
< ,  

\- -., 

WM P R W P  and Amersham Phq@b@W 
r - 

M-280 Streptavidin 

COST EFFEC Excess Dye Terminators 
Avoid labor-intens are Removed by Just 

Pouring off Supernatant 

Centr@gation 1 15 - 30 min. I 2 x 2  miz. I 

Bindin Washing ................... _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ r  I 1 
i a2~ lu t ion  

TowZ Time >GO min. >30 min. I 
,. i 

dye term in^. 

(I DYNALd 
5 Delaware Drive 

Lake Success, NY 11 042 



Scientists like you designed the solution: ~ i a l o t .  Over point. Lay out multiple graphs on a page to see the trends in 
100,000 of your colleagues have already seen how Sigmaplot can your data. this and more with amazing eax. 
help them create compelling graphs - like the ones shown here. 

~ U T n r u # ~ c r y . 3 e r  
~ g i F l O D l l ~  
Add your Sigmaplot graphs to lab notebooks, reports, slides, 

Use Excel spreadsheets directly inside Sigmaplot to create the presentations and publications. Place your S e l o t  graphs in 
precise graph you want. Combine Sigmaplot's Regression W i d  other applications using cut and paste, OLE 2, or elcports to 
and advanced data analysis capabilities with Excel for a more EPS, TZFF, PEG and other graphic file formats. 
powerful data anlysis solution. 

M I  today 
1-800-345-4740 

www.spss.com/saftware/science/sigmaplot 
Circle No. 48 on Readers' Service Card 

SPSS bc.. 444 N. Michigan Avmur, Chicago. a. 60611 SPSS ASC GmbH. Schimmelbuwhrmrrc 25 
40699 Erkcath. Germany 
+49.2104.9540; fax: +49.2104.95410 

hnp:/lwww.rpn.com/~~ftwarc/rden~/~i~plot France: +0800.90.37.55, UK: +0880.894982 

YSP- M740 
Diittaburon worklwidc: hnp:ll~.sps%mmlmder/ a M G m f t u f o r ~ S c i m c e  



Want Real Results? 

, . 
why dresm about a W L V ~  &O guess inmneotly during set-up; use mul- 
tometer that always delivers the right tiple temperature ramp rates and direc- 
results when you can own a Cary?!+$wi; tions during a single denaturation run; 

g , A f  - 
dz h.. and even conduct annealing and thermal 

With Cary, super stable and precise 5 ; 7 

temperature control is a reality, and p& 
melt experiments in the same cwette. 

accurately monitor the temperature of And Cary WinW software makes it all 
your samples-not the block they sit in. easier. Even infrequent users will find it 
And Cary's smooth magaetic stirring simple to load the right application and 
for 12 cuvettes is fast and uniform for method by clicking a single icon and just 
reproducible results. $e@w : -;7 pressing Start to begin measurements. 

#?*,> ,-: .- * ,& 

Anstrip 1.699.%69 

Belgium 2.721.4850 

Can& 1.800.387.2216 

France 1.6986.3838 
Gennany 06151.7030 

1% 39.011.997.9111 

NetherLnds 30.635.0909 
RussSl95.937.4280 

Spain 1.472.7612 

Sw& 8.445.1620 

Switzahd 61.295.8000 

Ever wished for more speed? Cary collects When it's a Cary instrument fSom Varian, UK 1932.898.000 
, 

data at 80 points per se,cond, and you can nothing else measures up in overall quality USA 1.800.926.3000 

pause data collection at any time to add and value. After all, we have 50 years 
reagents without affecting performance. experience providing innovative solutions www.varian.comlccug 

in spectrophotometry. 
For Life Science imaginations, there's 
more: extend collection times if you 



ATCC, THE ONE SOURCE FOR 
T 

r 

., ,. -"-. ,- 2 ,z - "L'. .. " .".?'--q2 -,, .- L - . - L  L., ' i  - - ,  '-,. , 

~ i f e  just g o t  easier1 on; tines. ~ho tou& [X tested in Mc, pure A ti nes...and now. 
call.. .one order to ATCC brings our own labs. High puriv, high the same qwd& of media and senm. 
you ATCC's authentic cell lines reliability high quality. That's the All from ATCC, The one source. 
plus our o w n  bm brand b d m  brand of media and 
Media and Wl Bovine Serum. serum from ATCC. 
The same media and serum When your research valicbtion 
ATCC'uses t o  grow w r  own cell is ai€ical, order directly frqn sghp,-- 

~ H a I k 2 o n ~ 1 ~ C e t d  
1080 1 University W., Manasas, VA 2t3l,l:Q,* Phane: 800-638-6547 * Pp$03-36$$7$J ,,bn$I: sates@atcc.org - I - ; :&<.*J , 

-'" . I - 



Free product information from leading companies 
Easy and fast e-mail information request form 
Direct online links to leading suppliers' websites 

I The following companies have listings on Science's new online Literature Library service. Check 

out the latest product information from: 

Affiniti Research Products NuAire Inc. 

American Radiolabeled Chemicals, Inc. Ocean Optics 

Amersham Pharmacia Biotech Oxford Biomedical Research, Inc. 

Annual Reviews Oxford Molecular Group 

0 BIOMOL Research Laboratories, Inc. 0 PanVera 

Brinkmann Instruments, Inc. 0 PeproTech, Inc. 

Bruker Analytical X-ray Systems Peptide Technologies Corporation 

Caltag Laboratories Inc. PRO Scientific, Inc. 

CHEMICON International QIAGEN GmbH 

Clemex Technologies Inc. 0 Quality Controlled Biochemicals 

R&D Systems 

Rainin Instruments Co. 

0 Eppendorf-Netheler-Hinz GmbH 0 RevPro, a Division of PRO Scientific Inc. 

0 Robbins Scientific 

GraphPad Software Rockland Immunochemicals 

Hewlett-Packard Co. Scanalytics, Inc. 

In Vitro Technologies Sorvall 

Invitrogen Corporation 0 Stratagene 

Transgenomic 

Trevigen, Inc 

Miltenyi Biotec GmbH Varian 

Niles Software, Inc. Worthingon Biochemical Corporation 

Northern Lights Software 

L - - - - - - - - - www.sciencemag.org 
Click on Electronic Marketplace, 



--r- 'do all the 

On the verge of another breakthrough in bioscience? 

Need some serious assistance to match the hectic pace of Experienced and insightful assistance for designing and 
molecular biology protocols and experiments? using new oligos. Intuitive and truly fun to use? Finally! 

With a bright color touch screen and graphical display. Get a new Assistant! The Assistant And personalizable. Your specific absorbance-based 
2000" System. The next revolution in tailored solutions methods and curves are stored...with names you create... 

Perkin-E1mer' With bench space' and on top level buttons in the folder you choose. Your local ing work areas, this compact and innovative productivity currency, your local timeldate convention, your style. tool is ready-when and where you are. For instant help Even a time-stamped log of your day's work for reference. computing concentration and amounts of biomolecules- 
in the units needed for setuD. For findine: the volumes Job done. 

needed for microplate or tuge dilutions & a flash. For 
quick OD260 checks, finding concentrations of DNA and To get this talented new Assistant started in your lab next 

protein solutions. For running quantitative colorimetric week, order one risk-free for 30 days by calling 1-800- 

analysis from stored standard curves. 762-4000 ext. 5448. And visit wwwperkin-elmer.com/ 
mba2000 for a free T-shirt offer and to see how much of 

Conversions are no problem ... they are dynamic: picomoles, the routine stuff it will do, so you can do the cool stuff. 
ODU's copy number all in context for the next step. Start planning that next discovery experiment-now! 

63 For Literature 
64 For a Sales Call 1 

I The lines of advanced communication are OPEN. It's the Perkin-Elmer commitment to building relationships 
by sharing information and solving problems together. So no matter how far-reaching your needs,our 
worldwide support and senice teams will take you where you need to go. Experience MORE of what PE can 
do for you here: Visit our Website at www.perkin-elrner.com. E-MAIL us at ido@perkinelmer.com. Call us 

r -  I at 1-800-762-4000. F u  us at 1-203-762-4221 .- -t,.-~ I '  

,: 7 * -  
- ~ 2 K l N E C M E 2  ., 3 .  

RrkhFElrner rn a rslprtad tfdmwk and MBA 2000 a mdanark ' . , ' I '.; ,,: , : ..I ~k ~..i.i.,m....- rmm-rinn . - 
.-,t > *  Look to us. And see more. 



.< *@ s v  &S.;:: 

PURIFICATION SYSTEM 

SDSpolyacrylamide gel el6ctrophores1s of hachons 
from the pur~ficotion of MBP-paramyosin-ASal 
A: lone 1. uninduced cells Lane 2. Induced cells. 
B. lane 1 pur~fied proteln eluted from omylose 
column \nth maltose lane 2. purlfled protern after 
Factor Xo cleovoge lone 3 poramyosln fragment 
eluted from second amybse column 

THE MOST FLEXIBLE SYSTEM AVAILABLE 

A proven olternative to conventional methods for the expression and purification of 
recombinant proteins. The gene of interest is fused to the mulE gene, which encodes 
maltose-binding protein (MBP), and expressed ot levels constituting up to 
40% of the total cell protein. 

The kit supplies reagents to clone, express ond purify your target protein 
ond yields up to 100 mg of fusion protein per liter. 

MBP fusion proteins are extremely soluble, virtually eliminating problems with 
insoluble protein (inclusion bodies). 

Fusion protein con be expressed in the cytoplasm or targeted for export to 
the periplosm to facilitate formation of disulfide bonds. 

The pMAL System is designed for Foctor Xo cleovoge of fusion protein. 
Alternative pMAL vectors allow for cleavage with Enterokinose or Genenose I. 

ORDERING INFORMATION:  

pllUL Protein Fusiqp an6 Pqr1f.~a@1&@B&- - - - 6889 
The System includes: pMAL vectors, omylose resin, Factor Xa and test substrate, 
antiiMBP antiserum, a marker for SDS-polyacrylamide gels, E. mli host and a 
comprehensive instruction manual. System components ore also available separately. 

FOR I N F O R M A T I O N  CONTACT US AT: 
1 -800-NEB-LABS OR http://www.neb.corn 

New England Biolabs Inc. 32 Tozer Road, Beverly, M A  01915 USA 1-800-NEB-LABS Tel. (978) 927-5054 Fax (978) 921-1350 email: infoQneb.com 
@ New England Biolabs Ltd.. Canada Tel. (800) 387-1095 (905) 672-3370 Fax (905) 672-3414 email: info@ca.neb.com 

New England Biolabs GmbH. Federal Republic of Germany Tel. 0800lBIOLABS (06196) 3W1 Fax (06196) 83639 email: info@de.neb.com 
New England Biolabs (UK) Ltd. Tel. (0800) 31 84 86 (01462) 420616 Fax (01462) 421057 email: info@uk.neb.com 

0 

Inc. 
DISTRIBUTORS: Australia (07) 5594-0299; Belgium (0800)l 9815; Brazil (011) 366-3565; Denmark (39) 56 20 00; Finland (9) 584-121; France (1) 34 60 24 24; 
Greece (01) 5226547; Hong Kong 2649-9988; India (542) 311473; Israel (03) 9229013; Italy (02) 381951; Japan (03) 5820-9408; Korea (02) 556-0311; Mexico (5) 280-5691; 
Netherlands (0333 495 00 94; New Zealand 0800 807809; Norway 22 09 15 00; Singapore 4457927; Spain (03) 902 20 30 90; Sweden (08) 30 60 10; Switzerland (061) 486 80 80; Taiwan (02) 28802913 

Circle No. 59 on Readers' Service Card 



TP# ldentification (species match) % s i ~  TP# ldentification (species match) % ! iimilarity TP# Identification (species match) % similarity 

TP0116 excinuclease ABC, sub B (uvrB) {M tm) 
TP0472 excinuclease ABC, sub C (uvrC) (M tm) 
TP0627 exonuclease (sbcC) (E c) 
TP0626 exonuclease, put (0 s) 
TP0775 endonuclease Ill (nth) (E c) 
TP0044 glu inh~bited div~s~on pr tA (g~dA) (0 b) 
TP0946 glu-inhibited division prt B (gidB) (E c) 
TP0517 Holliday junction nuclease (ruvC) (E c) 
TP0162 Holl~day junction DNA hellcase (ruvB) (H I) 
TP0543 Holliday junction DNA helicase (ruvA) (H i) 
TP0391 integraselrecombinase (codV) (0 s) 
TP0395 integraselrecombinase (xprB) (E c) 
TP0141 methylated-DNA-prt-cysteine 8-MTase 

Pat) {B s) 
TP0230 primosomal prt N (prlA) {B b) 
TP0692 recA prt (recA) {B b) 
TP0003 recF p i t  (recF) {S PCC) 
TP1023 recX prt (recX) (P f) 
TP1004 recombination prt (recR) (H i) 
TPOlO2 rep helicase, ss DNA-dependent ATPase 

(rep) (0 b) 
TP0058 replicatlve DNA helicase (dnaB) (0 s) 
TP0062 single-strand DNA BP (ssb) {B b) 
TP0704 ss-DNA-specific exonuclease (recj) {B b) 
TP0344 transcription-repa~r coupl~ng factor (trcF) (0 b) 

Transcription 

Degradation of DNA 
TP0805 exoribonuclease i I  (rnb) (5 PCC) 
TP0886 polyribonucleot~de nucleotidylTase (pnp) {B b) 
TP0353 r~bonuclease H (rnhA) (E c) 
TP0809 ribonuclease Ill (rnc) (0 b) 

TP0925 flavodoxin (C b) 
TW939 pyruvate oxidoRDase (5 PCC) 
TP0991 rubredoxin {C p) 
TP0919 thioredoxin (trx) {B s) 
TPOlOO thioredoxin, put {B j) 

TP0099 uridylate Kase (smbA) (0 b) 
TPlOlO nucleoside-dip Kase (ndk) (A f) 
TP0104 5'-nucleotidase (ushA) {H i) 

Purine ribonucelotide biosynthesis 
TP0294 phosphoribosyl pyroP Sase (prs) {B b) 
TP0695 phosphor~bosylglycinamide formylTase, put {B s) Entner-Doudoroff 

TP056 4-OH-2-oxoglutarate aldolasel2-dehydro-3- 
deoxyP-gluconate aldolase (eda) (H i) Pyrimidine ribonucelotide biosynthesis 

TP0305 CTP Sase (pyrC) (8 PCC) 
Fermentation 
TP0476 acetate Kase (ack) {M th) 
TP0094 P AcTase (pta) (M th) 

Salvage of nucleosides and nucleotides 
TP0045 adenosine deaminase, put {S c) 
TP1039 aden~ne phosphoribosylTase (apt) {H i) 
TP0274 deoxycytidylate deam~nase, put (A f) 

TP0170 pfs prt (pfs) {T p) 
TP0734 purlne nucleoside phosphorylase (deoD) {B st) 
TP0448 uracil phosphoribosylTase, put (0 s) 
TP0667 ur~dine Kase (udk) {B b) 
TP1027 urid~ne phosphorylase (udp) (E c) 

Glycolysislgluconeogenesis 
TP0817 enolase (eno) (T p) 
TP0662 fru-bisP aldolase (cbbA) {A e) 
TP0475 glu-6-P Isomerase (gp~) {B b) 
TP0844 glyceraldehyde 3-P DHase (gap) {T b) 
TP0505 hexoKase (hxk) (8 po) 
TP0122 phosphoenolpyruvate carboxyKase (pckA) {C I) 
TP0538 phosphoglycerate Kase (pgk) (0 b) 
TP0168 phosphoglycerate mutase (pgm) (T p) 
TP0108 pyroP-fru 6-P 1-PPTase (pfk) {B b) 
TP0542 pyroP-fru 6-P 1-PPTase, beta sub {B b) 
TP0746 pyruvate, P diKase (E vi) 
TP0537 trioseP isomerase (tpi) {B b) 

Regulatory functions 
TP0485 adenylate cyclase {Asp) 
TP0220 anti-sigma F factor antagonist (spollAA-1) {B I) 
TP0540 anti-sigma F factor antagonist (spollAA-2) {B s) 
TP0233 anti-sigma F factor antagonist, put (0 I) 
TP0657 carbon storage regulator (csrA) (0 s) 
TP0262 catabolite gene activator (crp) (E c) 
TPO261 catabolite gene activator, put (8 PCC) 
TP0167 cation-act~vated repressor prt (troR) {T p) 
TP0995 cyclic nucleot~de BP (5 PCC) 
TP0089 cyclic nucleotide BP (P te) 
TP0980 histidine phosphoKaselphophatase (ntrB) {M I) 
TP0591 HPr Kase (ptsK) {B s) 
TP0953 pheromone shutdown prt (traB) {B b) 
TP0589 phosphocarrier prt HPr (ptsH) (0 s) _ 
TP0575 Penolpyruvate-prt PPTase (ptsl), auth FS (0 st) 
TP0085 PTS sys. N2 regulatory IiA component 

(ptsN-1) {P P) 
TP0755 PTS sys, N2 regulatory IIA component 

(ptsN-2) {E c) 
TP0633 pilin repressor (pilB) (M g) 
TP0038 regulatory prt (pfoSlR) (T p) 
TP0519 response regulatory prt (atoc) {B b) 
TP0520 sensory transduction histidine Kase. 

auth FS (0 b) 
TP0981 sensory transduction histidine Kase, 

put (5 PCC) 
TP0219 sigma factor SigG regulation prt, put (0 s) 
TP0218 sigma factor SigB regulation prt, put (8 a) 

DNA metabolism 

Degradation of DNA 
TP0898 ATP-dependent nuclease, sub A, put (0 s) 
TP0125 exodeoxyribonuclease (exoA) {M tm) 

Pentose phosphate pathway 
TP0478 glu-6-P 1-DHase (zwf) {H i) 
TP0477 glu-6-P 1-DHase, put (R c) 
TP0331 phosphogluconate DHase (gnd) (H i) 
TP0616 ribose 5-P isomerase (rpiA) {S PCC) 
TP0945 ribulose-P 3-ep~merase (cfxE) (R c) 
TP0560 transketolaseA (tktA) {B s) 
TP0824 transketolase B (tktB) (H i) 

DNA-dependent RNA polymerase 
TP0701 DNA-d~rected RNA polymerase, put (E c) 
TP0709 RNA polymerase s~gma-28 factor (8 co) 
TP1012 RNA polymerase sigma-43 factor (slgA) {T m) 
TP0092 RNA polymerase sigma-24 factor (rpoE) (M I) 
TP0493 RNA polymerase s~gma-70 factor (rpoD) {B b) 
TPOl l l  RNA polymerase sigma-54 factor (rpoN) (A e) 
TP0242 DNA-directed RNA polymerase, beta'sub (0 b) 
TP0241 DNA-directed RNA polymerase, beta sub 

(rpoe) {B b) 
TPO212 DNA-dlrected RNA polymerase, alpha sub 

(rpoA) (0 b) 

Polysaccharides 
TP0413 phosphoglucomutase {B b) 
TP0642 phosphomannomutase (manB) {B s) 

Sugars 
TP0147 alpha-amylase 1, put (D t) 
TP0295 carbohydrate Kase (xylB) (0 b) 
TP0418 galactoKase {H s) 
TP0407 phosphoglycolate PPase (gph-1) (E c) 
TP0554 phosphoglycolate PPase (gph-2) (H i) RNA processing 

TP0596 polynucleotide adenylylTase (pcnB) {E c) 
TP0270 polynucleotide adenylylTase (pcnA) (0 b) Other 

TP0736 hydrogenase, gamma chain (hydC) (M j]  
Transcription factors 
TP0082 formate hydrogenlyase transcr~pt~onal activator 

(fhlA) (E c) 
TP0892 N utilization substance pr tA (nusA) (0 b) 
TP1015 N utilization substance prt B (nusB) (0 s) 
TP0236 transcriptlon antitermination prt (nusG) (0 b) 
TP0018 transcription elongation factor {B b) 
TP0019 transcription elongation factor (greA) (0 b) 
TP0511 transcription factor (carD) {B s) 
TP0254 transcriptlon termination factor Rho (rho) {B b) 

Fatty acid and phospholipid metabolism 

Biosynthesis 
TP0808 acyl carrier prt (acpP) {B b) 
TP0256 CDP-diacylglycerol-glycerol-3-P 3- 

phosphat~dylTase (pgsA) (0 s) 
TP0828 holo-acyl-carrier prt Sase (acpS) (0 b) 
TP0602 phosphatidate cytidylylTase (cdsA) {B b] 
TP0671 sn-1.2-diacylglycerol cholinePPTase, put (5 c) 

DNA replication, recombination, and repair 
TP0343 AIC-specific adenine glycosylase, put (H p) 
TP0526 ATP-dependent helicase (hrpA) {B b) 
TP0103 ATP-dependent DNA helicase, put (E c) 
TPOOOl chrom replication initiator prt (dnaA) (0 b) 
TP0810 DNA adenine MTase (dam) {T p) 
TP0251 DNA-BP II (0 s) 
TP0005 DNA gyrase, sub A (gyrA) (0 s) 
TP1006 DNA gyrase, sub B (gyrB) (T p) 
TP1028 DNA hellcase II (uvrD) (T t) 
TP0634 DNA ligase (lig) (T a) 
TP0303 DNA mismatch repalr prt (mutL) {B b) 
TP0328 DNA mismatch repair prt (mutS) (0 b) 
TP0229 DNA polymerase, bacteriophage-type (A f) 
TP0105 DNA polymerase I (polA) {T p) 
TPOOO2 DNA polymerase Ill, sub beta (dnaN) {P p) 
TP0669 DNA polymerase Ill, sub alpha (dnaE) {B s) 
TP0643 DNA polymerase iii, sub epsilon (dnaQ) (E c) 
TP1005 DNA polymerase Ill, subs gammaltau 

(dnaH) (0 b) 
TP0521 DNA polymerase Ill, subs gammaltau, 

Put {B 5) 
TP0492 DNA primase (dnaG) {C a) 
TP0687 DNA recombinase (re&) (T p) 
TPlO22 DNA repair prt (sms) (0 s) 
TP0442 DNA repair prt (recN) (0 s) 
TP0380 DNA repair helicase, put (5 c) 
TP0394 DNA topoisomerase I (topA) (0 s) 
TP0514 excinuclease ABC, subA (uvrA) {B s) 

Degradation 
TP0902 carboxylesterase (est) {B st) 
TP0257 glycerophosphoryldiester phosphodiesterase 

(~LPQ) (T P) 
TP0952 lipase, put (8 al) 
TP0145 long-chain-fatty-acid-CoA ligase {B b) 
TP0812 long-chain-fatty-acid-CoA ligase, auth FS (A f) 

Other 
TP0924 tex prt (tex) {B p) 

Translation 

Amino acyl tRNA synthetases 
TP1017 alanyl-tRNA Sase (alas) {B b) 
TP0831 arginyl-tRNA Sase (argS) (0 b)) 
TP0609 asparaginyl-tRNA Sase (asnS) (8 PCC) 
TP0985 aspartyl-tRNA Sase (asps) {B b) 
TP0091 cysteinyl-tRNA Sase (cysS) (0 b) 
TP0672 glycyl-tRNA Sase (glyS) (0 b) 
TP0673 glutamyl-tRNA Sase (gltX) (0 b) 
TP0641 histidyl-tRNA Sase (hiss) (0 b) 
TP0452 isoleucyl-tRNA Sase (ileS) {B b) 
TP0586 leucyl-tRNA Sase (IeuS) (0 b) 
TP0644 lysyl-tRNA Sase (IysS-1) {B b) 
TP1040 lysyl-tRNA Sase (IysS-2) {E c) 
TP0798 methionyl-tRNA Sase (metC) {B b) 
TP0015 phenylalanyl-tRNA Sase beta sub (pheT) (0 b) 
TP0973 phenylalanyl-tRNA Sase alpha sub (pheS) {B b) 
TP0160 prolyl-tRNA Sase (pros) {E c) 
TP0647 seryl-tRNA Sase (serS) (0 b) 
TP0837 threonyl-tRNA Sase (thrS) (H i) 
TP0632 tryptophanyl-tRNA Sase (trsA) {B b) 

Other 
TP0361 lysophosphatidic acid acylTase, put {H s) 

Purines, pyrmidines, nucleosides, and nucleotides 

2'-Deoxyribonucleotide metabolism 
TP0264 deoxyribose-P aldolase (deoC) (0 s) 
TP0885 deoxyuridine 5'-trip nucleotidohydrolase 

(dut) {H PI 
TP0053 r~bonucleos~de-diP RDase, sub beta (nrdB) {H p) 
TP1008 ribonucleos~de-dlP RDase, sub alpha 

(nrdA) (H P) 
TP0814 thioredoxin RDase (trxB) (0 s) 

Nucleotide and nucleoside interconversions 
TP0595 adenylate Kase (adk) {B s) 
TP0342 cytidylate Kase (cmk) {B b) 
TP0354 thymidylate Kase (tmk) {M j) 



TP# Identification (species match) % similarity TP# ldentification (species match) % similarity TP# ldentification (species match) % similarity 

TP0834 tyrosyl-tRNA Sase (tyrS) {B bJ 
TP1035 valyl-tRNA Sase (valS) (B bJ) 

TP0202 rlbosomal prt 514 (rpsN) {B b) 
TP0887 rlbosomal prt S15 (rpsO) (B b) 
TP0905 ribosomal prt 516 (rpsP) (B s) 
TP0198 ribosomal prt S17 (rpsQ) (B st) 
TP0061 ribosomal prt S18 (rpsR) (B st] 
TP0193 ribosomal prt S19 (rpsS) {B bJ 
TP0758 ribosomal prt S21 (rpsU) (M x) 
TP0109 rRNA methylase, put {B s) 

TP0737 sugar ABC transporter, periplasmic BP 
(msmE) {B s) 43 

TP0321 RC ABC transporter,ATP-BP (rbsA-2) (B bJ 67 
TP0300 RC ABC transporter, ATP-BP (rbsA-1) {A f) 54 
TP0322 RC ABC transporter, permease prt 

(rbsC-1) {B bJ 52 
TP0323 RC ABC transporter, permease prt 

(rbsC-2) (B bJ 55 

Degradation o f  proteins, peptides and glycopeptides 
TP0112 aminopeptidase C (pepC) {S s) 
TP0569 aminopeptidase P {H sJ 
TP0549 ATPase (clpC) {B sJ 
TP0016 ATP-dependent protease LA (Ion-1) (H I) 
TP0524 ATP-dependent protease LA (Ion-2) (B b) 
TP0801 ATP-dependent Clp protease subA (clpA) {E cJ 
TP0071 ATP-dependent Clp protease sub B (clpB) (C g) 
TP1041 ATP-dependent Clp protease proteolytic component 

(clpP-2) (B bJ 
TP0507 ATP-dependent Clp protease proteolytlc component 

(clpP-1) (H I) 
TP0508 ATP-dependent Clp protease sub X (clpX) {E cJ 
TP0277 carboxyl-terminal protease (ctp) {B ba) 
TP0113 Lambda CII stability-governing prt (hflK) {T p) 
TP0114 Lambda CII stability-governing prt (hfIC) {B b) 
TP0680 o-sialoglycoprt endopeptidase (gcp) {B b) 
TP1026 oligoendopeptidase F, put (L I) 
TP0773 periplasmic serlne protease DO (htrA-1) {H i) 
TP0841 periplasmic serlne protease DO (htrA-2) {B b) 
TP0546 periplasmic serlne protease, put {M I) 
TP0488 protease {T p) 
TP0997 protease IV (sppA) {E c) 
TP0600 zinc protease, put (H iJ 

Translation factors 
TP0770 ATP-dependent RNA helicase {A fJ 
TP0510 CTP-blndlng memb prt (IepA) {B b) 
TP0051 peptide chain release factor 1 (prfA) (B b) 
TP0576 peptide chain release factor 2 (prfB) (B b) 
TP0604 rlbosome recycling factor {B sJ 
TP0450 translation elongation factor C (fusA-1) (T m) 
TP0767 translation elongation factor C (fusA-2) {B b) 
TP0187 translation elongation factor TU (tuf) (E c) 
TP0525 translation elongation factor P (efp) (B b) 
TP0605 translation elongation factor TS (tsf) {S plJ 
TP0097 translation initiation factor 1 (infA) {B b) 
TP0850 translation initiation factor 3 (infC) {B b) 
TP0891 translation initiation factor 2 (infB) {B bJ 

Cations 
TP0163 ABC transporter, periplasmic BP (troA) (T p) 
TP0164 ABC transporter,ATP-BP (troB) (T pJ 
TP0165 ABC transporter, permease prt (troC) {T pJ 
TP0166 ABC transporter, permease prt (troD) {T pJ 
TP1038 bacterioferrin (TpF1) {T p) 
TP1036 cation-transporting ATPase. P-type (A f] 
TPO227 cobalt ABC transporter, ATP-BP {M j) 
TP0513 K+ transport prt (trkA) {E c) 
TP0140 K+ transport prt (ntpJ) {B s) 
TP0917 Mg2+ transport prt (mgtE) (B bJ 
TP0774 Mg2+ transport prt (mgtC) {S PCC) 
TP0056 oxaloacetate DCase, sub alpha (oadA) (K p) 
TP0057 oxaloacetate DCase, sub beta (oadB) (5 ch) 

tRNA modification 
TP1019 glu-tRNA amidoTase, sub C (gatC) {B b) 
TPlOZl glu-tRNA arnidoTase, sub B (gatB) (B b) 
TPl020 glu-tRNA amidoTase, subA (gatA) (A f) 
TP0756 methionyl-tRNA formylTase (fmt) (H i) 
TP1011 peptidyl-tRNA hydrolase (pth) {H i) 
TP0830 pseudouridylate Sase (hisT) (B b) 
TP0889 tRNA pseudouridine 55 Sase (truB) {B bJ 
TP0908 tRNA (guanine-N1)-MTase (trmD) {B b) 
TP0637 tRNA delta(2)-isopentenylPP Tase (miaA) (B s) 

Other 
TP0790 antibiotic transport prt, put (M I] 47 
TP0146 chromate resistance prt A, auth FS (M j) 54 
TP0142 thiamine ABC transporter,ATP-BP, put (H i) 62 
TP0143 thiamine ABC transporter, permease prt, 

Put I N  g] 48 
TP0144 thiamine ABC transporter, thiamine-binding 

periplasmic prt, put {E cJ 50 

Protein modification 
TP0842 methionine aminopeptidase (map) (B s) 63 
TP0947 peptidyl-prolyl cis-trans isomerase, 

cyclophilin-binding (cyp) {M t )  71 
TP0349 peptidyl-prolyl cis-trans isomerase, FKBP-type 

(~IYD) (H i l  57 
TP0862 peptidyl-prolyl cis-trans isomerase, FKBP-type, 

22 kD (fklB) (E c) 62 
TP0757 polypeptide deformylase (def) (S PCC) 66 
TP0633 prt-methionine-S-oxide RDase (msrA) {M tmJ 66 

Other cateeories 

Adaptations and atypical conditions 
TP0372 general stress prt (ctc) {B s) 
TP0272 SpoO) regulator (soj) (B s} 
TP0419 survival prt, put (5 me] 
TP0516 virulence factor (mviN) (H i) 

Other 
TP0890 ribosome-binding factor A (rbfA) (B s) 

Transport and binding proteins 

Unknown substrate 
TP0964 ABC transporter, ATP-BP (B sJ 
TP0581 ABC transporter,ATP-BP (B bJ 
TP0838 ABC transporter, ATP-BP (B bJ 
TP0035 ABC transporter.ATP-BP {S PCCJ 
TP0611 ABC transporter.ATP-BP {S PCCJ 
TP0881 ABC transporter.ATP-BP (natA) {B s) 
TP0786 ABC transporter,ATP-BP, put (E c] 
TP0034 ABC transporter, periplasmlc BP (Pa) 
TP0036 ABC transporter, permease prt (S gJ 
TP0023 Na+- and CI- dependent transporter (M j) 

Ribosomal proteins: synthesis and mod i f i ~  
TP0238 ribosomal prt L1 (rplA) (B bJ 
TP0192 ribosomal prt L2 (rplB) (B b) 
TP0189 ribosomal prt L3 (rplC) (B bJ 
TP0190 ribosomal prt L4 (rplD) (B b) 
TPO201 ribosomal prt L5 (rplE) (B b) 
TP0204 ribosomal prt L6 (rplF) (B b) 
TP0240 ribosomal prt L7lL12 (rplL) (H i) 
TP0060 ribosomal prt L9 (rpll) (B s) 
TP0239 ribosomal prt L10 (rpl]) (5 an) 
TP0237 rlbosomal prt L11 (rplK) {T mJ  
TP1025 ribosomal prt L13 (rplM) (B b) 
TP0199 rlbosomal prt L14 (rplN) {B b) 
TP0207 rlbosomal prt L15 (rplO) (B b) 
TP0196 rlbosomal prt L16 (rplP) (S PCCJ 
TP0213 ribosomal prt L17 (rplQ) (B b) 
TP0205 ribosomal prt L18 (rplR) (B st) 
TP0909 ribosomal prt L19 (rplS) {B b) 
TP0848 ribosomal prt L20 (rplT) (B b) 
TP0745 ribosomal prt L21 (rplU) (B s) 
TP0194 ribosomal prt L22 (rplV) (B b) 
TP0191 ribosomal prt L23 (rplW) (T m) 
TPO2OO ribosomal prt L24 (rplX) (B sJ 
TP0743 ribosomal prt L27 (rp127) {S PCCJ 
TP0362 ribosomal prt L28 (rpmB) {T pJ 
TP0197 ribosomal prt L29 (rpmC) (B st] _ 
TP0255 ribosomal prt L31 (rpmE) {H iJ 
TP0807 ribosomal prt L32 (rpmF) (B b) 
TP0234 ribosomal prt L33 (rprnt) (T a) 
TP0951 ribosomal prt L34 (rpmH) (B bJ 
TP0849 ribosomal prt L35 (rpml) (B b) 
TP0209 ribosomal prt L36 (rpmj-1) {C vJ 
TP0590 ribosomal prt L36 (rpmj-2) {A I) 
TP0279 ribosomal prt S1 (rpsA) (E cJ 
TP0606 ribosomal prt S2 (rpsB) (B b) 
TP0195 ribosomal prt 53 (rpsC) (B sJ 
TP0306 ribosomal prt 54 (B bJ 
TP0206 ribosomal prt S5 (rpsE) (B bJ 
TP0063 ribosomal prt 56 (rpsF) {B bJ 
TP0244 ribosomal prt 57 (B bJ 
TP0203 ribosomal prt 58 (rpsH) (B bJ 
TP1024 ribosomal prt S9 (rpsl) {B st) 
TP0188 ribosomal prt SlO (rpsJ) (B b) 
TPO2ll ribosomal prt S11 (rpsK) (B b) 
TP0243 ribosomal prt 512 (rpsL) (L b) 
TP0210 ribosomal prt 513 (rpsM) {B b) 

ration 
76 
75 
66 
76 
83 
69 
72 
61 
61 
80 
75 
85 
70 
79 
78 
70 
81 
70 
67 
74 
61 
73 
78 

100 
63 
80 
72 
76 
86 
75 
86 
61 
5 7 
84 
71 
69 
77 
53 
76 
73 
72 
88 
87 
91 
82 

Other 
TP0835 ankyrln, put (H sJ 
TP0614 N2 fixation prt (nifS-1) (B s) 
TP0615 N2 fixation prt (nifU) (M I) 
TP0152 N2 fixation prt (rnfC) (R c) 
TP0863 N2 fixation prt (nifS-2) (R sJ 
TP0551 PPase (T d) 

Unknown 
TP0712 ATP-BP (ylxH-1) {T p) 100 
TP0853 ATP-BP (ylxH-2) (B b) 67 
TP0779 dedA prt (dedA) {H iJ 50 
TP0096 dnaK suppressor, put {B b) 56 
TP0446 gcpE prt (gcpE) {B s) 59 
TP0225 leucine-rich repeat prt TpLRR (T p) 100 
TP0778 marc prt (marc) (E c) 55 
TPO880 memb spanning prt, put (B b) 58 
TP0393 smf prt (smf) {B bJ 54 
TP0689 CTP-BP (T p) 100 
TP0356 RNA-BP, put (A thJ 64 
TP0184 small prt (smpB) {S PCC) 70 
TP0948 spolllj-associated prt (jag) (B b) 63 
TP0009 tpr prt A (tprA), auth FS {T pJ 61 
TPOOll tpr prt B (tprB) (T p) 56 
TP0117 tpr prt C (tprC) (T p) 66 
TP0131 tpr prt D (tprD) (T p) 66 
TP0313 tpr prt E (tprE) (T p) 78 
TP0316 tpr prt F (tprF), auth FS (T p) 66 
TP0317 tpr prt C (tprC) (T p) 89 
TP0610 tpr prt H (tprH) (T p) 63 
TP0620 tpr prt I (tprl) (T pJ 67 
TP0621 tpr prt ) (tprj) (T p) 100 
TP0897 tpr prt K (tprK) {T p) 55 
TP1031 tpr prt L (tprL), FS (T p) 61 
TP0729 treponemal aqueous prt (tapl) (T p) 100 
TP1007 thymidylate Sase-complementing prt ( thy l )  {B b) 68 
TP0845 P23 prt, put (P leJ 58 
TP0989 P26 (B bJ 50 
TP0020 76K prt (T p) 99 
TP0006 Tp75 prt (T pJ 100 
TP0571 Tp70 prt (T p) 98 
TP0957 Tp33 prt (T p) 93 

Amino acids, peptides, and amines 
TP0120 AA ABC transporter, ATP-BP (abc) {H p) 
TP0265 AAABC transporter, permease prt (braC) (B s) 
TP0119 AA ABC transporter, permease prt (yaeE) (H pJ 
TP0309 AA ABC transporter, periplasmic BP {B s) 
TP0308 AA ABC transporter, periplasmic BP (his)) 

(s ch) 
TP0106 carnitine transporter, put {E cJ 
TP0414 D-alanine glycine permease (dagA) (H i) 
TP0934 glutamate transporter, put (B b) 
TP0555 glutamatel aspartate transporter, put {M m) 
TP0585 OP ABC transporter, periplasmic BP (oppA) 

(B sl 
TP0998 Natlproton-dependent alanine transporter {H iJ 
TP0653 SP ABC transporter, permease prt (potB) (A fJ 
TP0654 SP ABC transporter, permease prt (potC) (H I) 
TP0652 SP ABC transporter, ATP-BP (potA) (A f) 
TP0655 SP ABC transporter, periplasmic BP (potD) {E cJ 

Carhohydrates, organic alcohols, acids 
TP0958 dicarboxylate transporter (dctM) (R c) 
TP0685 MGABC transporter.ATP BP (mglA) (T p) 
TP0686 MC ABC transporter, permease prt (mglC) (T p) 
TP0684 MC ABC transporter, periplasmic galactose-BP 

[mglB-2) IT PI 
TP0545 MG ABC transporter, periplasmic galactose-BP 

(mglB-1) ( C f) 
TP0804 sugar ABC transporter, ATP-BP (ugpC) {E cJ 
TP0075 sugar ABC transporter, permease prt 

( ~ 4 0 Q )  (R SP) 
TP0076 sugar ABC transporter, permease prt 

(~40R)  IR ~ P J  
TP0074 sugar ABC transporter, periplasmic BP 

(~40P)  (R sp.1 



The Genome of 
Treponema pallidum 

Table 1. Identification of T. pallidum genes. Cene identification num- 
bers that correspond t o  those in Fig. 1 are listed here wi th the prefixTP. 
Each gene identified is listed in its functional role category [adopted 
from ( l l ) ] .  The percentage of similarity t o  the best match is also 
shown. Three ORFs, TP0279, TP0488, and TP0633, are represented in 
this table more than once because each contains complete, nonover- 
lapping matches t o  more than one sequence. An expanded version of 
this table wi th additional information is available on the World Wide Web 
at www.tigr.org/tdb/mdb/tpdb/ tpdb.html. Abbreviations are as follows. 
Cene names: AA, amino acid; Ac, acetyl; auth, authentic; BP, binding 
protein; biosyn, biosynthesis; CPDase, carboxypeptidase; Dcase, decar- 
boxylase; DHase, dehydrogenase; flgr, flagellarlflagellum; fru, fructose; 
glu, glucose; Kase, kinase; MC, methyl-accepting chemotaxis; MC, 
methylgalactoside; MTase, methyltransferase; memb, membrane; mur, 
muramoyl; 0 2 ,  oxygen; ODase, oxidase; OH, hydroxy; OP, oligopeptide; 
N2, nitrogen; P, phosphate or phospho-; PPTase, phosphotransferase; 
PPase, phosphatase; prt, protein; put, putative; RDase, reductase; RC, ri- 
boselgalactose; SAM, S-adenosylmethionine; Sase, synthetaselsyn- 
thase; SP, spermidinelputrescine; ss, single-stranded; sub, subunit; sys, 
system; Tase, transferase; TCLase, transglycosylase. Cenuslspecies: Aa, 
Actinobacillus actinomycetemcomitans; Ae, Alcaligenes eutrophus; Af, 
Archaeoglobus fulgidus; Al, Astasia longa; Asp, Anabaena species; Ath, 
Arabidopsis thaliana; Bb, Borrelia burgdorferi; Bba, Bartonella bacilli- 
formis; Bc, Bacillus cereus; Bj, Bradyrhizobium japonicum; BI, Bacillus 
licheniformis; Bp, Bordetella pertussis; Bs, Bacillus subtilis; Bsp, Bacillus 
sphaericus; Bst, Bacillus stearothermophilus; Ca, Clostridium aceto- 

butylicum; Cb, Clostridium beijerinckii; Cc, Caulobacter crescentus; Cf, 
Citrobacter freundii; Cg, Corynebacterium glutamicum; Cl, Chlorobium 
linicola; Cp, Clostridium perfringens; Cv, Chlorella vulgaris; Dsp, Desul- 
furococcus species; Dt, Dictyoglomus thermophilum; Dv, Desulfovibrio 
vulgaris; Ec, Escherichia coli; Evi, Eleocharis vivipara; Hi, Haemophilus in- 
fluenzae; Hp, Helicobacterpylori; Hs, Homosapiens; Kp, Klebsiellapneu- 
moniae; Lb, Leptospira biflexa; LI, Lactococcus lactis; Lp, Legionellapneu- 
mophila; Mg, Mycoplasma genitalium; Mj, Methanococcus jannaschii; 
Mk, Mycobacterium kansasii; MI, Mycobacterium leprae; Mm, 
Methanosarcina mazei; Mmu, Mus musculus; Mt,  Mycobacterium tuber- 
culosis; Mth, Methanosarcina thermophila; Mtm, Methanobacterium 
thermoautotrophicum; Mx, Myxococcus xanthus; Ng, Neisseria gonor- 
rhoeae; Pa, Pseudomonas aeruginosa; Pf, Pseudomonas fluorescens; Ple, 
Pseudomonas lemoignei; Pp, Pseudomonas putida; Psp, Pyrococcus 
species; Pte, Paramecium tetraurelia; Rm, Rhizobium meliloti; Rc, 
Rhodobacter capsulatus; Rs, Rhodobacter sphaeroides; Rsp, Rhizobium 
species; Sa, Staphylococcus aureus; Sac, Sulfolobus acidocaldarius; Sal, 
Streptomyces albus; San, Streptomyces antibioticus; Sc, Saccharomyces 
cerevisiae; Sch, Salmonella choleraesuis; Sco, Streptomyces coelicolor; 
Sg, Streptococcus gordonii; Sm, Streptococcus mutans; Sme, Sinorhizo- 
bium meliloti; Sp, Streptococcuspneumoniae; Spl, Spirulina platensis; St, 
Salmonella typhimurium; Spo, Schizosaccharomycespombe; Ss, Strepto- 
coccus salivarius; SPCC, Synechocystis PCC6803; Sv, Streptomyces viri- 
dochromogenes; Ta, Thermus aquaticus; Tb, Trypanosoma borreli; Td, Tre- 
ponema denticola; T t ,  Thermus thermophilus;Tm, Thermotoga maritima: 
Tp, Treponema pallidum; Ye, Yersinia enterocolitica. 
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Table 1. Predicted functions of T. pallidum genes 
TP# Identification (species match) % similarity TP# Identification (species match) % similarity TP# Identification (species match) % similarity 

Amino acid biosynthesis 
Aspartate fami ly 

TP0556 asparagine Sase (asnA) {H i} 84 

TP0223 aspartate aminoTase (tpaaT) {T p} 99 

Clutamate fami ly 

TP0735 glutamate Sase (gltA) {P sp} 68 

TP0351 glutamate 5-Kase (proB) {T p} 100 

TP0350 glutamate-5-semialdehyde DHase (proA) {T p} 99 

TP0797 1-pyrroline-5-carboxylate RDase (proC) {T p} 94 

Serine fami ly 

TP0329 serine OHMTase (glyA) {B s} 68 

Biosyn of cofactors/prosthetic groups/carriers 
Biotin 

TP0357 biotin-Ac-CoA-carboxylase ligase (birA) {M t} 45 

TP0228 biotin Sase, put {B sp} 62 

Folic acid 

TP0340 folylpolyglutamate Sase (folC) {B s} 56 

TP0694 5,10-methenyltetrahydrofolate Sase, put {H s} 42 

TP0732 methylenetetrahydrofolate DHase (folD) {B s} 65 

Heme and porphyrin 

TP0186 02- ind. coproporphyrinogen III ODase, put {B s} 53 

TP0052 protoporphyrinogen ODase (hemK) {H i} 53 

Menaquinone and ubiquinone 

TP0683 octaprenyl-diP Sase {T p} 100 

Pyridine nucleotides 

TP0780 NH(3)-dependent NAD(+) Sase (nadE) {R c} 46 

Riboflavin 

TP0888 riboflavin Kase/FMN adenylylTase (ribF) {E c} 48 

Thiamine 

TP0115 phosphomethypyrimidine Kase (thiD) {B s} 69 

TP0445 4-methyl-5(b-OHethyl)-thiazole monoP biosyn 

enzyme (thij) {B b} 57 

Cell envelope 
Lipoproteins 

TP0821 lipoprt (tpn32) {T p} 100 

TP0171 lipoprt, 15 kD ( tppl 5) {T p} 98 

TP0435 lipoprt, 17 kD ( tpp l 7) {T p} 100 

TP0319 memb lipoprt (tmpC) {T p} 99 

TP0993 rare lipoprt A, put {B b} 73 

Biosynthesis of murein sacculus and peptidoglycan 

TP0247 N-Acmur-L-alanine amidase (amiA) {E c} 55 

TP0670 D-alanine-D-alanine ligase (ddlA) {S ch} 61 

TP0681 alanine racemase (air) {T p} 100 

TP0574 CPDase, 47 kD {T p} 99 

TP0221 D,D-CPDase, put {B b} 62 

TP0806 femA prt, put {B b} 60 

TP0861 glucosamine-fru-6-P aminoTase (glmS) {H i} 74 

TP0406 glutamate racemase (murl) {E c} 54 

TP0623 memb-bound lytic murein TGLase D (dniR) {E c} 52 

TP0500 penicillin-BP (pbp-1) {B b} 62 

TP0705 penicillin-BP (pbp-2) {B b} 65 

TP0760 penicillin-BP (pbp-3) {B b} 52 

TP0345 P-N-Acmur-pentapeptide-Tase (mraY) {H p} 53 

TP0497 rod shape-determining prt (mreB) {B b} 85 

TP0498 rod shape-determining prt (mreC) {B b} 60 

TP0499 rod shape-determining prt (mreD) {E c} 51 

TP0501 rod shape-determining prt (rodA) {B b} 63 

TP0800 serine-type D-Ala-D-Ala CPDase (dacC) {B b} 53 

TP0043 soluble lytic TGLase, put {Ec} 55 

TP0090 UDP-N-Acmuramate DHase (murB) {B b} 58 

TP0341 UDP-N-Acmuramate-alanine ligase (murC) {B b} 60 

TP0903 UDP-N-Acmuralanine-D-glutamate ligase 

(murD) {B b} 62 

TP0029 UDP-N-Acglucosamine 1-carboxyvinylTase 

(murA) {B b} 71 

TP0933 UDP-N-Acmuralanyl-D-glutamate-2,6-diamino 

-pimelate ligase (murE) {B b} 59 

TP0386 UDP-N-Acmuralanyl-D-glutamyl-2,6-diamino 

-pimelate-D-alanyl-D-alanine ligase 

(murF) {S PCC} 55 

TP0523 UDP-N-glucosamine-N-Acmuramyl-(penta-

peptide)pyrophosphoryl-undecaprenol 

N-Acglucosamine Tase (murG) {B b} 61 

Biosynthesis of surface polysccharides and lipopolysacchararides 

TP0566 alginate O-Acation prt (algl) {P a} 56 

TP0486 antigen, p83/100 {B b} 47 

TP0077 capsular polysacch biosyn prt (cap5D) {S a} 63 

TP0107 licC prt (licC) {H i} 53 

TP0283 lipopolysacch core biosyn prt (kdtB) {E c} 58 

TP0078 spore coat polysacch biosyn prt (spsC) {B s} 61 

TP0288 spore coat polysacch biosyn prt (spsF) {B s} 50 

TP0562 spore coat polysacch biosyn prt (spsE) {B s} 50 

TP0440 spore coat polysacch biosyn prt, put {S PCC} 48 

TP0275 UDP-N-Ac-D-mannosamine Tase, put {P a} 46 

Surface structures 

TP0943 flgr prt (fliS) {B s} 

TP0722 flgr prt (fliL) {T p} 

TP0726 flgr prt (flbD) {T p} 

TP0378 flgr prt, put {T p} 

TP0403 flgr prt, put {T d} 

TP0727 flgr hook prt (flgE) {T p} 

TP0401 flgr assembly prt (fliH) {T d} 

TP0714 flgr biosyn prt (flhA) {T p} 

TP0715 flgr biosynthetic prt (flhB) {T p} 

TP0716 flgr biosynthetic prt (fliR) {T p} 

TP0717 flgr biosynthetic prt (fliQ) {T p} 

TP0718 flgr biosynthetic prt (fliP) {T p} 

TP0720 flgr motor switch prt (fliY) {T p} 

TP0721 flgr motor switch prt (fliM) {T p} 

TP0748 cytoplasmic filament prt A (cfpA) {T p} 

TP0402 flgm-specific ATP Sase (flil) {T d} 

TP0724 flgr motor rotation prt (motB) {T p} 

TP0725 flgr motor rotation prt (motA) {T p} 

TP0872 flgr filament cap prt (fliD) {B b} 

TP0026 flgr motor switch prt (fliG-1) {T d} 

TP0396 flgr basal-body rod prt (flgB) {T d} 

TP0397 flgr basal-body rod prt (flgC) {T d} 

TP0400 flgr motor switch prt (fliG-2) {T d} 

TP0399 flgr basal-body M ring prt (fliF) {T d} 

TP0960 flgr basal-body rod prt (flgG-1) {B b} 

TP0961 flgr basal-body rod prt (flgG-2) {B b} 

TP0659 flgr hook-associated prt 3 (flgL) {B b} 

TP0660 flgr hook-associated prt 1 (flgK) {B b} 

TP0792 flgr filament 33 kD core prt (flaB2) {T p} 

TP0870 flgr filament 31 kD core prt (flaB3) {T p} 

TP0249 flgr filament outer layer prt (flaA-1) {T p} 

TP0664 flgr filament outer layer prt (flaA-2) {T p} 

TP0713 flgr-associated GTP-BP (flhF) {T p} 

TP0868 flgr filament 34.5 kD core prt (flaBI) {T p} 

TP0398 flgr hook-basal body complex prt (fliE) {T d} 

TP0728 flgr hook assembly scaffolding prt (flgD) {T p} 

Other 

TP1016 basic memb prt (tpn39b) {T p} 

TP0327 cationic outer memb prt (ompH) {Y e} 

TP0298 exported prt (tpn38b) {T p} 

TP0971 memb antigen, pathogen-specific (tpd) {T p} 

TP0965 memb fusion prt, put {H i} 

TP0949 memb prt {B b} 

TP0768 memb prt (tmpA) {T p} 

TP0326 outer memb prt {H p} 

TP0769 outer memb prt (tmpB) {T p} 

TP0292 outer memb prt (tpn50) {T p} 

TP0663 outer memb prt, put {T p} 

TP0658 transmemb prt, put {B s} 

Cellular processes 
Cell division 
TP0578 cell division prt (ftsY) {B s} 

TP0765 cell division prt (ftsH) {H p} 

TP0387 cell division prt (ftsW) {B b} 

TP0388 cell division prt (ftsQ) {B b} 

TP0389 cell division prt (ftsA) {B b} 

TP0390 cell division prt (ftsZ) {B b} 

TP0682 cell division prt (ftsj) {B b} 

TP0999 cell division prt, put {B b} 

TP0330 cell division prt, put {M g} 

TP0271 chromosome partitioning prt (parB) {C c} 

TP0367 chromosome segregation prt, put {B s} 

Toxin production and resistance 

TP0935 N-Acphosphinothricin-tripetide-deAcase, 

put {S v} 

TP0337 dimethyladenosine Tase (ksgA) {B s} 

TP0649 hemolysin (tlyC) {B b} 

TP1037 hemolysin III (hlylll) {B c} 

TP0027 hemolysin, put {B b} 

61 
100 
100 
52 
49 
100 
70 
100 
99 
100 
100 
100 
100 
100 
100 
75 
100 
100 
55 
52 
80 
82 
94 
79 
80 
71 
57 
67 
100 
100 
100 
98 
100 
100 
76 
100 

100 
46 
100 
100 
44 
63 
100 
49 
100 
100 
99 
57 

61 
73 
63 
48 
64 
75 
58 
78 
48 
61 
61 

56 

53 

73 

66 

53 

TP0028 hemolysin, put {S PCC} 

TP0936 hemolysin, put {S PCC} 

TP0688 immunity prt (mccF) {T p} 

TP0405 mcbG prt, put {E c} 

TP0696 nicotinamidase, put {M k} 

TP0547 penicillin tolerance prt (lytB) {H p} 

Chaperones 

TP1013 chaperonin (groES) {B st} 

TP0215 grpE prt (grpE) {B b} 

TP0030 heat shock prt (groEL) {T p} 

TP0217 heat shock prt (dnaj), auth FS {E c} 

TP0216 heat shock prt 70 (dnaK) {B b} 

TP0984 heat shock prt 90 (htpG) {B b} 

TP0843 heat shock prt, put {M g} 

TP0098 heat shock prt, put {L p} 

Detoxif icat ion 

TP0509 alkyl hydroperoxide RDase (ahpC) {B s} 

TP0550 thiophene and furan oxidation prt (thdF) {B b} 

Protein and peptide secretion 

TP0417 apolipoprt N-acylTase (cutE) {E c} 

TP0252 apolipoprt N-acylTase, put {H i} 

TP0235 preprt translocase sub (secE) {T m} 

TP0208 preprt translocase sub (secY) {B b} 

TP0379 preprt translocase sub (secA) {B b} 

TP0852 prolipoprt diacylglyceryl Tase (Igt) {H i} 

TP0410 prt-export memb prt (secD) {B b} 

TP0411 prt-export memb prt (secF) {B s} 

TP0185 signal peptidase I (sip) {B s} 

TP0978 signal peptidase II (Isp) {B b} 

TP0926 signal peptidase I, put {L p} 

TP0416 signal recognition particle prt (ffh) {B b} 

TP0506 trigger factor (tig) {B b} 

Transformation 

TP0336 comE prt, put {S PCC} 

Other 

TP0363 chemotaxis histidine Kase (cheA) {T p} 

TP0365 chemotaxis prt (cheX) {T p} 

TP0630 chemotaxis prt MTase (cheR) {B b} 

TP0366 chemotaxis response regulator (cheY) {T p} 

TP0541 GTP-BP (era) {B b} 

TP0742 GTP-BP (obg) {B b} 

TP0040 M C p r t ( m c p 1 ) { T p } 

TP0488 MCpr t (mcp2 -1 ) {Tp } 

TP0639 MC prt (mcp2-2) {T p} 

TP0640 MC prt (mcp2-3) {T p} 

TP0364 purine-binding chemotaxis prt (cheW-1) {T p} 

TP0439 purine-binding chemotaxis prt (cheW-2) {B b} 

TP0631 prt-glutamate methylesterase (cheB) {S ch} 

Central intermediary metabolism 

TP0080 quinoline 2-oxidoRDase {P p} 

TP0794 SAM Sase (metK) {E c} 

Energy metabolism 
Aerobic 

TP0921 NADH ODase {S m} 

TP1009 glycerol-3-P DHase (gpsA) {B s} 

TP0037 D-specific D-2-OHacid DHase {S a} 

Anaerobic 

TP0982 glpG prt, put {E c} 

ATP-proton mot ive force interconversion 

TP0426 V-type ATPase, sub A (atpA-1) {B b} 

TP0529 V-type ATPase, sub A (atpA-2) {S ac} 

TP0427 V-type ATPase, sub B (atpB-1) {B b} 

TP0528 V-type ATPase, sub B (atpB-2) {M j} 

TP0428 V-type ATPase, sub D (atpD-1) {B b} 

TP0527 V-type ATPase, sub D (atpD-2) {M m} 

TP0530 V-type ATPase, sub E, put {D sp} 

TP0424 V-type ATPase, sub E, put {T t} 

TP0531 V-type ATPase, sub F, put {M mi} 

TP0429 V-type ATPase, sub I (atpl-1) {M j} 

TP0533 V-type ATPase, sub I (atpl-2) {M j} 

TP0430 V-type ATPase, sub K (atpK-1) {B b} 

TP0532 V-type ATPase, sub K (atpK-2), auth FS {T p} 

Electron transport 

TP0101 cytochrome c biogenesis prt (ccdA) {H p} 

TP0823 desulfoferrodoxin (rbo) {D v} 

50 
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