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Abstract

The YERO57¢YILO51c/YjgF protein family is a set of 24 full-length homologs, eacti30 residues in length, and

each with no known function or relationship to proteins of known structure. To determine the function of this family,
the structure of one member—the YjgF protein fr@scherichia coli—was solved and refined at a resolution of 1.2 A,

The YjgF molecule is a homotrimer with exact threefold symmetry. Its tertiary and quaternary structures are related to
that of Bacillus subtilischorismate mutase, although their active sites are completely different. The YjgF protein has an
active site curiously similar to protein tyrosine phosphatases, including a covalently modified cysteine, but it is unlikely
to be functionally related. The lessons learned from this attempt to deduce function from structure may be useful to
future projects in structural genomics.
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Traditionally, determination of a protein’s three-dimensional struc-folding topology of the YjgF protein is not unique, even though the
ture was pursued only after the protein’s function and biologicaltopologically related Bacillus subtilis chorismate mutase has no
significance was well established. Genome projects are rapidlydentifiable sequence similarity. Although the function of YjgF
altering that approach: initiatives are underway to solve structuresvas not entirely determined, the results suggest a number of ex-
of proteins of unknown function based solely on the probability periments to complete that goal.

that they will have unique folds—hence, structural genomics: the

ultimate mapping of all possible protein families and fo{#sm, . .

1998; Montelione & Anderson, 1999But success in structural R€sults and discussion

genomics will depend in part on our ability to deduce a protein’s

function from its structure alone. How often will this approach be Properties of the YERO57€IL051¢/YjgF family

possible? At present, only four examples exist to attest to thénd members

feasibility of structure-driven functional analysisma et al., 1997; An open reading frame in thengtA-pyrl intergenic region of

Colovos et al., 1998; Yang et al., 1998; Zarembinski et al., 1998 £ i codes for a hypothetical 13.6 kDa protein named YjgF
with mixed degrees of success. (Burland et al., 1995 A PSI-BLAST (Altschul et al., 1997 search

~ This paper provides a fifth test case for structure-based funcq i his sequence through the nonredundant Genbank at the Na-
tional determination, revealing both what surprises can arise a”ﬁonal Center for Biotechnology returned 24 sequences with full
what limitations persist. The YERO57€IL051c/YjgF family of length homology(Fig. 1), ranging from 28 to 77% identityfive

proteins consists of-30 homo_logs. Th? family is ubiqu_itous, with partial sequences with significant homologies were also retrieved,
members appearing in species ranging from bacteria to humang,y 5 few other homologs with multiple loop insertions, but they
None of the proteins have any known function, and none arg not he included here This group of proteins has been named
homologous to other proteins of known structure. One familyy,o yERO57¢YIL051c/YigF family (hereafter simply referred to
member—a hypothetical protein froscherichia coliknown as  »5 e vigF family. Most of the sequences were of hypothetical
YjgF—was crystalllzed, an_d its thre_e-dlmensmnal structure WaSotein products of open reading frames identified through un-
solved and refined to atomic resolution. The results show that th?elated works or by genome projects. The species ranged from
bacterigarchea, gram negative, gram positive, cyanobacter, thermo-
Reprint requests to: Karl Volz, Department of Microbiology and Immu- philic, and nitrogen-fixing to vertebrates, includinylus muscu-

nology, University of lllinois at Chicago, Chicago, lllinois 60612-7344; lUs, Rattus norvegicysCapra hircus(goa, andHomo sapiensNo
e-mail: karl@e002.mim.uic.edu. plants were represented. Some organisms contain multiple paral-
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1.2 A crystal structure of E. coli YjgF 2429

10 20 30 40
| | |--B1-| | -p2-||-B3-|
E. coli YjgF MSKTIATENAPAAIGPYVQGVDLGNMIITSGQIPVNPKTGEVP-—
E. coli YhaR MKKIIETQRAPGAIGPYVQGVDLGSMVFTSGQIPVCPQTGEIP-—
E. coli £128 MPKSVIIPAGSSAPLAPFVPGTLADGVVYVSGTLAFDQHNNVLFA-
H. influenzae HI0719 MTQITHTEKAPAAIGPYVQAVDLGNLVLTSGQIPVNPATGEVP--
P. horikoshii PH0854 MKEVIFTENAPKPIGPYSQATIKAGNFLFIAGQIPIDPKTGEIVK—
B. subtilis YabJ MTKAVHTKHAPAAIGPYSQGIIVNNMFYSSGQIPLTPSGEMVN-—
H. sapiens pld.5 MSSLIRRVISTAKAPGAIGPYSQAVLVDRTIYISGQIGMDPSSGQLVS—
R. norvegicus PSP MSSITIRKVISTSKAPAAIGAYSQAVLVDRTIYVSGQIGMDPSSGQLVP-
M. muscus Hrpl2 MSSIIRKVISTTKAPAAIGPYSQAVQVDRTIYISGQVGLDPSSGQLVP-
C. hircus UK114 MSENSEEPVGEAKAPAAIGTYSQAVLVDRTIYISGQLGMDPASGQLVP-
C. elegans YSD2 MAQKVTRQITISSANAPGAIGPYSQAVRAGNTIYLSGSLGLDPKTGDLK-—
A. vinelandii Yvnl MSKSVINTDKAPAAIGTYSQATIRAGDTVYLSGQIPLDPGTMELVE-
Synechocystis sp. SLR0709 MTMKIIQTAQAPAPVGPYNQAIAANGFLFTAGQIALDPQTMTIMGE
L. lactis AldR MKITIATLDAPAAIGPYVQGKIVNGLLYASGQIPLNPLNGEIV--
A. aeolicus AQ_364 MREIKTPKAPVPVGPYSQAVEVNGFLFISGQIGINPETGKLV--
S. pombe ORF MSTKTPINSPKLSSAGPYNQATKANGVIYCSGQIPVANGKVIE———
L. mesenteroides ORF MSKKVVSTTTAPKALGPYSQAILNDNTLYISGQIGIDPETDEFAG-
Rhizobium sp NGR234 Y4SK MIEPISTNDAPGAVGPYSQAIKVGDLLFVSGQLPIDPATGEFNS—
S. pombe YEROS57C MVTTLTPVICESAPAAAASYSHAMKVNNLIFLSGQIPVTPDNKLVE-—
S. cerevisiae YILO51c MFLRNSVLRTAPVLRRGITTLTPVSTKLAPPAAASYSQAMKANNFVYVSGQIPYTPDNKPVQ—-—
B. sphaericus ORF MKKVLIEQEPIGHYTPGMISNGNLYISGQTSVDPATGKPPT-
P. gingivalis ORF MKKVINTKNAPAAIGPYSQAILMGNMLYASGQLGLDPTTGVP———
H. pylori HP0944 MKEVIHSTLAPKAIGPYSQAIATNDLVFVSGQLGIDVSTGEFKG—
M. xanthus DfrA MARKATIHSDQAPKAIGPYSQAVQVDAGKMTFLSGQIPLDPATMEMVQ—-
50 60 70 80 90 100 110 120
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ADVAAQARQSLDNVKAIVEAAGLKVGDIVKTTVFVKDLNDFATVNATYEAFFTE-HNATFPARSCVEVARLPKDVK---TIEIEATAVRR
ADVODQARLSLENVKAIVVAAGLSVGDIIKMTVFITDLNDFATINEVYKQFFDE-HQATYPTRSCVQVARLPKDVK---LEIEAIAVRSA

DDPKAQTRHVLETIRKVIETAGGTMADVTFNSIFITDWKNYAAINEIYAEFFP----GDKPARFCIQCGLVKPDAL~~--VEIATIAHIAK
ADIVAQARQSLENVKAIIEKAGLTAADIVKTTVFVKDLNDFAAVNAEYERFFKENNHPNFPARSCVEVARLPKDVG---LEIEATAVRK
GDIKDQTRQVLENIKAILEAAGYSLNDVIKVTVYLKDMNDFAKMNEVYAEYFGE-—-~-~-SKPARVAVEVSRLPKDVL~-~-IEIEAIAYK
GDIKEQTHQVFSNLKAVLEEAGASFETVVKATVFIADMEQFAEVNEVYGQYFD~----THKPARSCVEVARLPKDAL-~--VEIEVIALVK
GGVAEEAKQALKNMGEILKAAGCDFTNVVKTTVLLADINDFNTVNEIYKQYFK~--—--SNFPARAAYQVAALPKGSR--—-IEIEAVAIQGPLTTASL
GGVAEEAKQALKNLGEILKAAGCDFTNVVKTTVLLADINDFGTVNEIYKTYFQ-~--~-GNLPARAAYQVAALPKGSR---IEIEATIAVQGPFTTAGL
GGVVEEAKQALKNLGEILKAAGCDFNNVVKTTVLLADMNDFGTVNEIYKTYFQ-~--~GSLPARAAYQVAALPRGSR---VEIEATAVQGPFIKA
GGVVEEAKQALTNIGEILKAAGCDFTNVVKATVLLADINDF SAVNDVYKQYFQ--~-SSFPARAAYQVAALPKGGR---VEIEATAVQGPLTTASV
EGVVEQTHQSLKNLGEVLKAAGADYGNVVKTTVLLONIADFAAVNEVYGQYFK-~--SPYPARAAYQVAALPKGGL---VEIEAVAIAGEIEEVKN
GDFEAQTVRVFENLKAVVEAAGGSFADIVKLNIFLTDLAHFAKVNEVMGRYFA----QPYPARAATACASLPRGAQ-—--VEMDGILVLG
GNVEVQAKQVLTNLGAVLQEAGCGWENVVKTTVFLKDMNDFAAVNAIYGQYFDE---ATAPARSCVEVARLPKDVL~---VEIDCVAVLPT
DSIETQTEQVMKNISAILKEAHSDFDLVIKTTCFLKNIEDFSRFNAIYSKFFD----KEFAARSAVGVAGLPKNVL---IETEVIAEVKS
EGFKEQVIQIFKNVDAILEEAGLKRENIVKVTIYITDIKKFKELNEIYEDYFKD--VSVKPARVIVGVKELPLNAE---VEIEIVAVK
GTVGDQTRQCLLNLQEVLTEAGSSLNKIVKVNIFLADMDDFAAVNKVYTEVLP---~-DPKPARSCVAVKTVPLSTQGVKIEIECIALE
ATTAEQAHQIFDNIDNILHEAEFSRNDIVKAALFFDDIADFALVNDIYAQYFDTTSVEEFPARSAVOVAALPKNAK---LEIEITAMK
ANAVEQAEQCLKNLQAIARAAGTDLSKTVKTTVLLTDLGDFADINRVYTGFFS—---TPYPARACYEVKALPKGAK-~--VEIEAVISLT
GSIADKAEQVIONIKNVLEASNSSLDRVVKVNIFLADINHFAEFNSVYAKYFN----THKPARSCVAVAALPLGVD-~--MEMEAIAAERD
GSISEKAEQVFONVKNILAESNSSLDNIVKVNVFLADMKNFAEFNSVYAKHFH-~--THKPARSCVGVASLPLNVD---LEMEVIAVEKN
GGTHAETFMALQKMEVVLOASGLTKEAVVMCRVYITSADLWADVNETYAQFFG--~--SHKPARAIIPIKELSHGCL---IELEATAELEG
GGVTEQTEQVFKNIRAILEEAGLTIANVVKTTCFLADMSDFAAMNAVYEKQFTGD----FPARSAVAVKTLPKNGL---VEIEIIAIK
ADIHSQTTQSMENIKAILKEAGLGMDSVVKTTILLKSLDDFAVVNGIYGSYFTEP~---YPARATFQVAKLPKDAL---VEIEAIAIK
GDVVAQAERVMENLKAVLAASGLDFSHVVRCTIFLTDLGDFARVNEVYGRYFT~~———-— PARATVQVSALPRGSK---VEIDAIAVS

Fig. 1. Multiple sequence alignment of the YjgF family of proteins. Alignment was done manually. Invariant residues are shown in
bold. a-Helices ands-strands are represented by brackets above the sequences.

ogs(e.g.,E. coli, three sequenceSaccharomyces cerevisjawo et al.,, 1996. A separate group observed that a bovine brain
sequences Reading frames were found in operons coding for calpain activator is nearly identical to the UK114 protein from
proteins associated with such disparate pathways as pyrimidingoat liver (Melloni et al., 1998. Finally, it has recently been
biosynthesigBurland et al., 1995 biotin biosynthesigGloeckler ~ shown that null mutations in thgigF gene ofSalmonella typhi-

et al., 1990, threonine biosynthesidHan et al., 1990 and nitro-  murium cause multiple, pleotropic phenotypes involving the iso-
gen fixation(Joerger et al., 1989A few of the protein products leucine biosynthetic pathwagEnos-Berlage et al., 1998lt is
have been partially characterized: one homolog, known as theemarkable that a single protein family could have members that
PSP protein from rat liver, was said to be an inhibitor of proteinexhibit such varied putative functions.

synthesis initiation(Oka et al., 1995 Another, p14.5 from hu-
man monocytes, was also described as a translational inhibitoétructure of the YjgF monomer

(Schmiedeknecht et al., 1908D0ther researchers have isolated a

homolog called murine hepatic Hrpl2, described as a novelThe YjgF protein was crystallized, and its structure was solved by
heat-responsive, tissue-specific, phosphorylated pra®amuel conventional MIR methods. The monomers of tBecoli YjgF

et al., 1996. One group has reported that another YjgF homo-protein are 127 amino acids long, single domain, each folded up
log, named human UK114, is a tumor antigen expressed bynto a six-stranded mixe@-sheet packed tightly against two par-
various malignant neoplasm®artorelli et al., 1996; Ceciliani allel, four-turn a-helices. TheB-sheet is characterized by -al,
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Fig. 2. Stereo diagram of-carbon backbone of monomers of the E. coli YjgF protein andBthsubtilischorismate mutase. The
threefold axes of the trimers run approximately vertical, and the views are from the exterior. The folding topology diagrams are also
shown. The asterisks denote the locations of the active sites in the diagrams, and tBeslkeets are enclosed in dashed lines.

+1, +2, +1, —2 topology(Fig. 2A). The first two strands31 and  In general, the connecting loops at the “tops” of the monomers are
B2, are the shortest and are peripheral to fagheet, while the long and meandering, while the loops at the “bottoms” are shorter
remaining four strands are longer, comprising the core of the sheeand tighter.
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Structure of the YjgF trimer five-stranded mixeg-sheet packed tightly against one 18-residue
a-helix and one two-turn 3 helix (Fig. 2B). The 8-sheet is char-
acterized by at+2, +1, —2, —2 topology.

The YjgF and chorismate mutase monomers have the same core

The YjgF molecule is a homotrimer of perfect threefold symmetry.
The core of the trimer is composed of gzstrands, four from each

monomer, closed into a barrel-type structure, withesitelices on g . . .
. . S . topology in the subset of their four maj@-strands, proceeding
the outside(Fig. 3. The core has extensive interactions, both . P
. I - from right to left, as seen in Figures 2A and 2B. These four strands
hydrophobic and hydrophilic. The center of the core contains a .
; constitute the structural cores of the monomers and also serve as
well-ordered hydrogen-bonding network of 16 water molecules,

. . . the scaffold for the trimers in both proteins. However, the two
surrounded by triplets of glutamates, lysines, serines, and threo- ~ ™. ; ) )
roteins are completely different in the rest of their structures.

nines. Since the tertiary structure of the YjgF protein appear . - . . .
L : . L ach active site of chorismate mutase is formed by a C-terminal
conserved within the sequences of the YjgF faniiyg. 1), it is . e .
. i i .~ . B-strand 85, extending from the core sheet, positioned proximal to
likely that all other members of the family have this same trimeric : .
B3 of the adjacent monomer. In contrast, the polypeptide of the
quaternary structure. : . ) Co T
YjgF monomer terminates in the core sheet, so YjgF is missing

Thg YIgF trimer possesses an gxtenswe network of hydrOgert]hat one loop and extra C-termin@istrand that chorismate mutase
bonding and electrostatic interactions throughout the molecule, . . . T
. . .. possesses. Instead, the YjgF monomer is longer at its N-terminus:
The number of complementary interactions between oppositel . .
L : . : t has a loop and two extr@-strands at the N-terminus, extending
charged ionizable groups in the molecule is noticeably greater than

those seen in most other proteins from mesophiles. These stabi. o the right-mosg-strand of the sheet of the adjacent mono-

- o . L mer, 85. Thus the cores of the two proteins are the same, but their
lizing bonds in YjgF are not only surface interactions: some of the_ " " . -
. . . ) . additional 8-strands come from the opposite termini of the poly-
electrostatic bonds are quite buried, especially in the central core.” " . ;
peptide chains.

This similarity between YjgF an8. subtilischorismate mutase
was confirmed with the program DAL(Holm & Sander, 1998 A
E. coli YjgF and B. subtilis chorismate mutase have the same comparison of the YjgF structure with all representative folds in
quaternary structure and similar tertiary structuBessubtilischo- the PDB(Abola et al., 199Y gave the highest match with choris-
rismate mutaséProtein Data BanKPDB) codes 1COM, 2CHS, mate mutase, with a Z-score of 6.2, a 10% identity over the 82
2CHT) also assembles as a homotrini@hook et al., 1993, 1994  equivalenced residues of the cores, and a positional RMSD of

The monomers are single domain as well, each folded up into a-carbon atoms of 2.7 A. The two other significant matches found

Similarities to B. subtilis chorismate mutase

Fig. 3. Stereo diagrams of the YjgF trimer. The asterisks denote the locations of the active sites.
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were with the C-terminal domain of Ft42PDB code 1FSZand a  following the B3 strand on the rightresidues 34—-42 As for
domain of tubulin(PDB code 1TUB. The structural similarities the last criterion for an active site, the four invariant residues of the
between the C-terminal domain of FtsZ, fBesubtilischorismate  family—Gly31, Asn88, Arg105, and Glul20—are all lining the
monomers, and tubulin have been described elsewligige & cavity. Based on these observations, it is reasonable to simply refer
Amos, 1998; Nogales et al., 1998 he relationship between YjgF to the cavities of the YjgF trimer as active sites.
and chorismate mutase is more significant than those between Each active site of YjgF is a narrow and deep opening of about
YjgF and FtsZ or tubulin because of the conservation of quaternarg X 8 X 8 A, containing~10 ordered solvent molecules. The
structure as well as topology. invariant arginine, Arg105, is prominent and immediately acces-
sible from within the cavity, on the left wall as seen in Figure 4. It
is in a strong hydrogen bonding interaction with the invariant
Asn88. The role of Asn88 seemingly is to stabilize the position of
Since the YjgF protein has no known function, there is as yet ncArg105. The invariant Glu120 is closing off the inner top of the
functional basis for discussing active sites. But in general there aractive site as shown in Figure 4. The side chain of Glu120 is com-
at least three structural characteristics of active sites that can baitted to hydrogen bonding interactions with the backbong5f
used to reasonably infer their existence in the absence of functiondlut could conceivably rearrange and interact with other groups in
information: active sites are located in cavities or recessed regionthe active site. The last invariant residue in the active site, Gly31,
of the molecule; in multimeric proteins, they are usually located onis most likely conserved for structural reasdany G3 substituent
the interfaces between monomers; and finally, they have the mostould have steric clash with the invariant Glu12088). The same
highly conserved amino acids of the protein’s family within close could be said for the 96% conserved Pro103. Two other highly con-
proximity. served residues also deserve comment: T{®2% conservedines
Three sites on the YjgF trimer exhibit all the above structuralthe bottom of the active site, with its hydroxyl group accessible, and
attributes of active sites. Near the equatorial surface of the trimerGGIn32(92% conserve on the far right side, also appears poised
the three interfaces between the adjoining subunits contain deepfgr interaction with substituents in the active site.
recessed cavities. These cavities are in the same general locationsThe most unusual aspect of the active site of YjgF is a covalent
as the three active sites in tBe subtilischorismate mutase trimer. modification on the $ of Cys107. The $ atom occupies two low
Each cavity is formed by a floor and four “wall&ig. 4). The four  energy rotameric positiorts relatively buried, an@+, extending
walls comprisg1) the 11-residue loop following thél strand on  into the active site. In the latter position, the % 2.1 A from a
the lower equatorial regiofresidues 8-18 (2) helix a2 of the tetrahedral arrangement of electron density, which reaches a level
adjacent monomer on the ldfesidues 81-83(3) the type Il turn  of 7o for the central peakFig. 5. The only chemical structures
on the upper regiofresidues 113—-136and(4) the 9-residue loop that reasonably fit this density are thiosulfate or thiophosphate.

Identification of active sites in YjgF

Fig. 4. Stereo diagram of the active site region of the YjgF protein. The four invariant residues of the YjgF family—Gly31, Asn88,
Arg105, and Glul20—are labeled, as well as the three most highly conserved residues Tyrl7, GIn32, and Pro103. Cys107 is also
shown. The active site solvent molecules are shown as spheres.
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Fig. 5. Stereo diagram of electron density from finaF, — Fc|a. map for the active site of YjgF. The electron density is contoured
at 1.57.

When modeled as a thiophosphate with an occupancy of 0.67, theodified Cys107 is a thiosulfate or a thiophosphate. Cysteinyl
group refined to an average temperature factor of 1£9the  sulfates have never been observed in structures of naturally occur-
mean temperature factor for all protein atoms was 725 At this ring proteins, so if the group on Cys107 is a thiosulfate it is either
very high resolution of 1.2 A, the electron density for all atoms isan experimental artifact or a new and unprecedented structural
clearly resolved. result. Alternatively, one may assume that the Cys107 modification
Presence of the cysteine-bound moiety has been verified through a thiophosphate. There are two types of proteins that utilize
mass spectrometiiglata not shown However, the masses of thio- thiophosphate chemistry: the protein-tyrosine phosphat&SeRs
sulfate and thiophosphate are the same, so mass spectrometry co(lalton & Dixon, 1993; Fauman & Saper, 1996; Barford et al.,
not discriminate between the two. Both thiosulfates and thiophos1998, and the structurally similar bacterial If8°Piose protein
phates are rare and relatively unstable. One reason for the stabilityan Monfort et al., 199% The PTPs are cysteine-dependent phos-
of this modified group on YjgF is the bidentate hydrogen bondphotransferases that proceed through a covalent cysteinyl-phosphate
between one of its own oxygen atoms and thead NH, atoms  intermediate in the last step of a Ky independent phosphoryl-
of the guanidinium group of Arg106Fig. 5). group transfer reactiofGuan & Dixon, 1991; Zhang & Van Etten,
1991; Pannifer et al., 1998All PTPs contain a highly conserved
and very characteristic active site struct(ifeg. 6A), composed of
a phosphoryl-binding P-loop, a nucleophilic cysteine, a phosphoryl-
The major structural conclusions for YjgF are twofold. First, binding arginine, an arginine-stabilizing glutamate, and a catalytic
there is a clear topological relationship betwéercoli YjgF and acidic group that assists a water molecule in nucleophilic attack on
B. subtilischorismate mutase. Similarity in their topologies is not the phosphorous atom.
likely to be a result of convergent evolution, but common ancestry YjgF has no primary or tertiary structural relationship to the
may be impossible to prove. Second, although the active sites d?TP superfamily, but some features of YjgF's active site resemble
YjgF and chorismate mutase are in the same relative locations ithose of the PTPs. Although YjgF has no P-loop, the cysteinyl
the molecules, they are completely unrelated in their constitutiormoiety is stabilized by the guanidinium group of invariant Arg105.
and configuration of amino acids. Therefore, it is reasonable tdn turn, the position of Arg105 is stabilized by interaction with the
conclude that they have different functions. invariant Asn88. There is, however, no nucleophile in position for
The function of YjgF must relate to the conserved amino acidshydrolysis, so the cysteinyl modification is stable. The relative
and any unique features present in its active site. As for the lattearrangement of these conserved active site groups is similar to that
the covalent modification of Cys107 is a clear indicator of unusualfound in the structure of the phosphorylated PTP1B mutant Q262A
chemistry. Unfortunately, the results do not indicate whether the Pannifer et al., 1998(Fig. 6B vs. 6A.

Functional implications for YjgF and the YjgF family
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Fig. 6. Stereo diagram illustrating structural similarities between the active sites of the phosphorylated human protein tyrosine
phosphatase 1Bnutant Q262A (Pannifer et al., 1998and the covalently modifie&. coli YjgF protein.

There are two main problems with these assumptions and funr isoleucine. Thus, this assignment of functional significance to
tional interpretations. In the first place, if YjgF is a phosphotrans-Cys107 leads to the conclusion that the Yjgf family is divided in
ferase, then it is a most inefficient one, suffering from permanentwo, with different functions. This is not without precedent: other
product inhibition(YjgF shows no detectable phosphatase activity protein families are known to have members of the same fold but
in a standard pNPP assay; S. Brakenridge & K. Volz, unpubl)data different functions(e.g., Hunt & Dayhoff, 1980; Babbitt et al.,
The stability of the cysteinyl modification is not consistent with it 1995. Interestingly, the PTP family itself contains members that
being an intermediate in an enzyme reaction. Second, if one asre not phosphatases due to critical active site mutatidfishart
sumes that Cys107 is essential to the function of YjgF, then itet al., 1995; Wishart & Dixon, 1998 The extent of this lack of
would likely be invariant within the family. However, position 107 functional correlation within other families is unknown, but could
is poorly conserved: it is only 42% cysteine, with substitutions tocomplicate structure-based assignment of function. Further diffi-
alanine(42%), threonine(12%), and isoleucing4%). Threonine  culties are that the same protein can have multiple functidefs
could conceivably participate in phosphotransfer, but not alanindery, 1999, and the same sequence can have different folds
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(Goldstein, 1998 These functional assignment ambiguities will data set was measured to 1.7 A resolution on a Siemens multiwire
cause general problems in structural genomics, especially in tharea detector, and data sets of eight different potential heavy atom
early stages when databases will be largely incomplete. derivatives were collected to 2.0 A resolution on either a Siemens
Although the sequence-to-structure-to-function approach was nanultiwire area detector or a Rigaku RAXISII detector, using Cu
successful in this test case, the results suggest a variety of expdf« radiation from a Rigaku RU-H2R rotating anode generator.
iments that should complete the goal. The first priority is to iden-The final, complete set for high-resolution refinement was mea-
tify the Cys107 substituent and determine if it occurs in vivo. If so, sured to 1.2 A resolution at a wavelength of 0.961 A under cryo-
Cys107’s relationship to YjgF's function must be ascertained. Itgenic conditions at the IMCA beam line ID17, Advanced Photon
could be centrally important, or it could be a post-transcriptionalSource, Argonne National Laboratory. Crystal preparation for the
modification not directly related to function. More general ex- cryoconditions was serial transfer of the crystal through 5% in-
periments include determination of the phenotype of an organisnereases of glycerol in the original mother liquor, up to 20% over a
(E. coli, S. cerevesigeor Caenorhabditis elegansafter deletions  total period of a few minutes, followed by flash cooling by im-
of all YjgF paralogs. Preliminary results toward this approach withmersion in liquid nitrogen. The unit cell parameter for the low-
S. typhimuriumrhave already been report¢Bnos-Berlage et al., temperature crystal was= 72.22 A. Statistics for this final data
1998. Similarly, a yeast dual-hybrid system may identify other set are given in Tables 1 and 2.
proteins that interact with YjgF. Experiments to test these possi-
bilities are currently under way. MIR phasing and structural solution

The YjgF structure was solved by multiple isomorphous replace-

Materials and methods ment. All heavy atom soaks were at 10 mM concentrations of
reagent for~4 days. All Patterson maps were solved manually,
Sequence and structural searches starting with the KPt(NO,), derivative. Since no protein crystal-

The PSI-BLAST (Altschul et al., 1997 search was done at the lography program suites supported the cubic space group P23,

National Center for Biotechnology websitettp:;//www.ncbi.nim. ll/lgl;%gls%htjtlpn ang rigr;ement ((j:alcula_ttlgrﬁk:rl;PH}AlleE n CCI.M’ f
nih.govBLAST) using the tblastn option to search the nonredun- d’ t W'TO\;VS . Nwere ngg Wi da reelo e?rt)snsmnl 0
dant nucleotide sequence database. Also, a threading calculatiéitﬂe ata sets 1o space group » and expansion ot the real-space

] ; asymmetric unit to include the entire trimer. The MIR solution
(Marchler-Bauer & Bryant, 199awas performed blindly by DIS. g2\ /e i atter the UG(NOS),, NaAUCL, and sodium ethyl
Bryant and Marchler-Bauer, but it did not retrieve tBesubitilis

chorismate mutase structure. The best(Ritvalue of 0.000554 mercury thiosalicylate derivatives were solved and combined with

was an alla-helical protein, the ciliary neurotrophic factor cyto- the KGPNO,), derivative.
kine (PDB code 1CN7. The apparent reason for the failure to
identify the match with chorismate mutase was that the supermodel building and crystallographic refinement

imposable substructure common in the two proteins is too small. =~ ) )
The DALI calculation(Holm & Sander, 199Bwas performed at The initial electron density maps were phased with the four heavy
the DALI server website at httpwww.ebi.ac.ukdali/ atom derivative§ MLPHARE, Otwinowski, 199}, and after den-

sity modification and threefold averagindM, Cowtan, 1994;
RAVE, Kleywegt & Jones, 1994 they showed interpretable elec-
Purification and crystallization tron density. The maps were manually interpreiteging QUANTA,

Purified E. coli YjgF protein was a gift from Dr. J. Wild's labora-
tory. The protein was concentrated by serial ammonium sulfate
fractionation and centrifugation to a final concentration of 15 Mg T4ple 1. Shell statistics for data and final refinement
mL~1. High ammonium sulfate conditions were explored for crys- of E. coli YjgF

tallization using microdialysis techniques. Phosphate salts were

never employed. Microdialysis wellCambridge Repetition En- No. of
gineers of 30 uL volumes were used, with Spectrapor dialysis Shell reflections % % R-value
Res limits predicted Complete >20¢ (%)°

membrane having ail, 3,500 (pore siz¢ cutoff. All crystalliza-
tion experiments were performed at@, with solutions buffered

by 5_O_mM Tris-HCI at pH ranges from 7.9 to 8.5. The_ critical 10.8%: ;03(1)0 16,3?)? 188:8 98.3 18.0
precipitatiorycrystal growth condition was 2.35 M ammoniumsul- 537 _,1 83 16,027 98.0 96.0 15.8
fate. Single crystals grew within one week. The YjgF crystals 1.83-51.60 16,492 926.7 925 16.1
assumed a cubic crystal habit, with a variety of truncations, with 1.60— 1.45 17,027 95.3 87.9 15.3
average dimensions of 0.2 mm on an edge. 1.45-1.35 15,989 94.4 84.5 15.6
1.35— 1.27 16,538 91.7 79.9 15.0
1.27—1.20 18,335 90.6 76.9 14.1

Data collection and processing
10.00— 1.20 118,474 94.8 87.7 16.4

The YjgF protein crystals were of excellent diffraction quality. The
s?ace gr;);g(\)/vzs fognd to be cubic, P23, with thet 9”" (?tell‘f/%?aram_ aThe number of reflections in the table correspond to space group P222.
etera = 73. , and one monomer per asymmetric unit.

Fobs— F
was 2.3 &R/Da. A number of data sets were collected for MIR bR= 2 1Fobs~ Fearl
phase determination, all at room temperature: a complete native 2| Fopd

X 100.
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Table 2. Refinement restraints and RMSDs from ideal done in both positive and negative mode. The largest peak in each
of E. coli YjgF using the 103,863 reflections spectrum corresponded to the molecular mass of the covalently
greater than 2 from 10 to 1.20 A modified form of the moleculéminus the amino terminal methi-
oning within the expected experimental error of 1.0 af¥i0.01%).
Final
Parameter Target value
Distance restraintgl) Coordinates
Bond d'.Stance 0.020 0.011 The atomic coordinates and structure factors are in the Protein
Angle distance 0.040 0.031 K with th d 9
Planar distance 0.050 0.048 Data Bank with the PDB code 1QU9.
Plane restraintA) 0.020 0.018
Chiral-center restraintA®) 0.150 0.131
Nonbonded contact restraint&) Acknowledgments
Single torsion contact 0.500 0.164 | thank J. Wild and M. Wales at Texas A&M for their gift of the protein, A.
Multiple torsion contact 0.500 0.142 Howard and coworkers at the IMCA ID17 beam line, Advanced Photon
Possible hydrogen bond 0.500 0.132 Source, Argonne National Laboratory, for access and beam time, R. Van
Conformational torsion angle restraint Breemen and coworkers of the University of lllinois, Chicago, for collec-
Planar(w, 0, 180 3.0 3.6 tion of the electrospray mass spectrometry data, and S. Bryant and A.
o Marchler-Bauer for their threading calculations. This work was supported
Staggered£60, 180 15.0 11.8 ) .
Orthonormal(+90) 20.0 15.6 by National Institute of Health Grant GM 47522 to K.V.
Isotropic thermal factor restrainté?)
Ma!n-cha!n bond 1.000 0.727 References
Main-chain angle 1.500 1.124
Side-chain bond 1.000 1.145 Abola EE, Sussman JL, Prilusky J, Manning NO. 1997. Protein Data Bank
Side-chain angle 1.500 1.794 archives of three-dimensional macromolecular structiieshods Enzymol
X-ray 0.7|F, — Ff 16.4% 277:556-571. ) _ _
No. of reflectiongNo. of variables - 8.0 Altschul SF, Madden TL, Schaffer AA, Zhang J, Zhang Z, Miller W, Lipman DJ.

1997. Gapped BLAST and PSI-BLAST: A new generation of protein data-
base search programsucl Acids Res 23389-3402.
Babbitt PC, Mrachko GT, Hasson MS, Huisman GW, Kolter R, Ringe D, Petsko
GA, Kenyon GL, Gerlt JA. 1995. A functionally diverse enzyme superfam-
1997, on a Silicon Graphics Indigp During model building and ily that abstracts the a protons of carboxylic aciisience 267.159-1161.

- . . Barford D, Das AK, Egloff M-P. 1998. The structure and mechanism of protein
refinement(X-PLOR, Brlinger, 1993; PROLS®ROFFT, Hen- phosphatases: Insights into catalysis and regulafianu Rev Biophys Bio-

drickson, 1985; Finzel, 1987electron density maps were phased  mol Struct 27133-164.
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