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ABSTRACT. Inosamine-phosphate amidinotransferases catalyze two nonconsecutive transamidination reac-
tions in the biosynthesis of the streptomycin family of antibioticsArginine:inosamine-phosphate
amidinotransferase StrB1 fro8treptomyces griseStrB1) was cloned as an N-terminal hexa-histidine
fusion protein, purified by affinity chromatography, and crystallized, and its crystal structure was solved
by Patterson search methods at 3.1 A resolution. The structure is composedgfidjf:enodules which

are arranged circularly into a pseudo-5-fold symmetric particle. The three-dimensional structure is closely
related to the structure of humanrarginine:glycine amidinotransferase (AT), but five loops (the 40-,
170-, 220-, 250-, and 270-loop) are organized very differently. The major changes are found in loops
around the active site which open the narrow active site channel of AT to form an open and solvent-
exposed cavity. In particular, module Il of StrB1 is AT-like but lacks a 10-resuhnrelix in the 170-

loop. The concomitant reorganization of neighboring surface loops that surround the active site, i.e., the
40-loop and the 270-loop, results in an arrangement of loops which allows an unrestricted access of
substrates to the cavity. However, the residues which are involved in substrate binding and catalysis are
conserved in AT and StrB1 and are at equivalent topological positions, suggesting a similar reaction
mechanism among amidinotransferases. The binding sitedgginine had been deduced from its complex

with AT. Molecular modeling revealed a possible binding mode for the second sulsstydteinosamine
4-phosphate.
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*The coordinates of the StrB1 structure have been deposited with
the Brookhaven Protein Data Bank (file name 1bwd) and will be
released immediately.

* ; 4 (2) and N-amidinostreptamine 6-phosphat8) (nto streptidine
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phate (weak donor, compouiji can also serve as amidino factor X;-cleavage site (IEGR), aBcaRlI cleavage site (5
donors in vitro. The physiological amidino acceptors are TAT CGT GAA TTC ATC GAG GGT AGA AGC CTT
scylloinosamine 4-phosphate (compoubidand N*-amidi- GTA AGC GTC CAC AAC GAA TGG G-3), and a 3
nostreptamine 6-phosphate (compo@dbut other known primer including arEcdRl cleavage site and two stop codons
acceptors include 3-amino-3-deosggyllo-inosamine 4-phos-  (5'-CGA ATC GAATTC TCA TCA GAA CTG GTACGT
phate and its 2-deoxy derivative, 2-amino-2-demep CTC-3). The region encoding StrB1 was amplified by PCR,
inositol 5-phosphate,-ornithine, L-canaline (the aminoxy  and the generated 1070 bp fragment was digestedBeitRI
analogue of ornithine), glycylglycine, 1,4-diaminobutyl-1- and subsequently inserted into tEeadRI cloning site of
phosphonate, and hydroxylamin®).( vector pRSETHE, a pRSETAT38H derivativé3j where

It is a matter of controversy whether one or two amidi- the coding sequence forarginine:glycine amidinotransferase
notransferases catalyze the two nonconsecutive transamidi{AT) was excised and thganH| restriction site was mutated
nations inStreptomyces griseumnd Streptomyces glauce-  into anEcdRl site. The correctness of the resulting expression
scens The two L-arginine:inosamine-phosphate amidino- vector pRSET-StrB1 was verified by sequencing the whole
transferases (StrBland StrB2) of these organisms are 69 insert in both directions. The 24 bp between the ATG start
and 61% identical, respectivelg)( However, it is not clear ~ codon and thé&caRl restriction site, thé&coRl site, and the
to date whether only StrB1 or both amidinotransferases arefactor Xs,-cleavage site extend the length of the recombinant
active toward the physiological substraseylloinosamine protein from 348 to 361 amino acids and encode amino acids
4-phosphateN!-amidinostreptamine 6-phosphate, or both MAHHHHHHGSIEGRSLYV..., where the sequence SLV
(Figure 1). Pla17) reported the purification of two different ~ comprises the first amino acids of the StrB1 protein (without
amidinotransferase activities, whereas all other studies couldthe N-terminal methionine).

only detect one active enzyme specigsl@, 19) or showed Expression and PurificatianThe expression and purifica-
that StrB1 can catalyze both transamidination reactiBns ( tjon of recombinant StrB1 by nitrilotriacetat@garose af-
19, 20) So far, attempts to measure StrB2 aCtiVity have failed f|n|ty Chromatography were carried out as described previ_
(21), and it is notable that the nucleophilic cysteine which oysly @3) with 1 mM glutathione present in all chromato-
is the key residue for amidine transfer by humaarginine:  graphic steps. The washing step was carried out with 50 mM
glycine amidinotransferase (ATR2-24) is not conserved  jmidazole in washing buffer [50 mM sodium phosphate
but replaced by a glycine residue in StrB2 fr@ngriseus buffer (pH 6.2), 300 mM NaCl, and 1 mM glutathione] since
Active StrB1 fromS. griseuswas recombinantly expressed the StrB1 amidinotransferase eluted at about 100 mM
as a six-histidine fusion protein i&scherichia coliand imidazole in washing buffer and the protein was dialyzed
purified by nickel nitrilotriacetate agarose affinity chroma-  two times agairnts5 L of 50 mM Tris-HCI (pH 7.8), 1 mM
tography. Native StrB1 consists of 348 amino acids corre- glutathione, and 0.2 mM EDTA. About 0-3. mg of 90-
sponding to a calculated molecular mass of 38.67 kDa and95% pure StrB1 protein per liter of expression culture was
is @ monomer in solutior8f. Amidinotransferase StrB1 from  obtained. The purification was monitored by SBISAGE
S griseusshares 39% amino acid sequence identity and 48% (25). The protein concentration was determined spectropho-
homology with AT whose crystal structure has been solved tometrically using a specific absorption coefficient at 280
previously to 1.9 A 24). nm of 1.46 cmd mg*. The protein was characterized by
In this work, we describe the crystal structure of the StrB1 N-terminal sequencing, ESI-MS, and enzymatic activity. The
amidinotransferase froi8. griseusat 3.1 A resolution, the ~ deconvoluted ESI-MS spectrum revealed a major peak at
first structure of a bacterial amidinotransferase, and compare40 170 Da compared to the calculated mass of 40 163 Da.

it with AT. The specific activity was 0.,6mol mg* h~* usingL-arginine
and hydroxylamine as the amidine donor and acceptor,
EXPERIMENTAL PROCEDURES respectively 26).
Construction of the Expression Plasmigbr inducible and _Crystallization Recombinant StrB1 with an N-terminal
strong recombinant expression, the gene encadiginine: histidine tag was crystallized at 2Q using the hanging d_rop
inosamine-phosphate amidinotransferase StrB1 fogri- method. The droplets were made fromuP of a protein

seus (StrB1) was amplified from the plasmid pCH17.1 Solution (7.3 mg/mL) in 50 mM Tris-HCI (pH 7.8), 1 mM
(provided by W. Piepersberg) and put under the control of 9lutathione, 0.2 mM EDTA, and 2L of a reservoir solution

a T7 polymerase/promotor system. DNA sequencing of containing 20% (wiv) PEG 4000,0.1M sodium mtratgbuffer
plasmid pCH17.1 revealed that the C-terminal sequence is(PH 5.0), and 0.2 M ammonium acetate and equilibrated
not TARETYQF as found in the EMBL database (accession adainst the reservoir solution. Tetragonal-bipyramidal shaped
no. S55493/Y00459) but TGALETYQF, leading to a C- crystals of approximately 0.1 mm appeared after 4 weeks.
terminal sequence more similar to those of other bacterial The crystals belonged to the tetragonal space gRalgpvith

or mammalian amidinotransferases. The obtained sequencef€ following cell constantsa = b = 121.30 A,c = 63.74

were used to synthesize agimer including an N-terminal (Table 1). The asymmetric unit contained two molecules
with a solvent content of 58%V(, = 2.92 A¥Da) (27).

! Abbreviations: AT, human mitochondriatarginine:glycine ami- Data Collection and Processin¥-ray data were collected

dinotransferase; EDTA, ethylenediaminetetraacetic acid; ESI-MS, elec- 0N @ MAR Research imaging plate detector system &(C18
trospray ionization mass spectrometry; IPTG, isoprgpptthiogalac- mounted on a Rigaku RU200 rotating anode X-ray generator

topyranoside; ncs, noncrystallographic symmetry; PEG, poly(ethylene \,,: it
glycol); rms, root-mean-square; SBSAGE, sodium dodecyl sulfate with CuKo: radiation at ai of 1.542 A. Images were

polyacrylamide gel electrophoresis; StrBil;arginine:inosamine- processed_with MOSFLM2g), and data were scaled and
phosphate amidinotransferase fr@ngriseus reduced using ROTAVATA/AGROVATA/TRUNCATEZA9).




17666 Biochemistry, Vol. 37, No. 51, 1998 Fritsche et al.

of refinement with REFMAC using data from 10.0 to 3.1

Table 1: Data Collection and Refinement Statistics _ . - o
A, applying bulk solvent correction, tight ncs positional

space group Data Collection o, restraints, and individual but highly restrainefactor
cell axis,a andb, ¢ (A) 121.30, 63.74 refinement, resulted in a fin&factor of 19.7% (fred&-factor
resolution (A) 3.1 26.5%).
total observations! [> 2o(1)] 37728 Quality of the Final Xray Model The final model of StrB1
ggmcgggﬂggsr?%c“ons 14273 comprises monomers A and B each with residue$48.
0—3.10 A 85.6 Solvent molecules were not included. The quality of the final
3.21-3.10 A 75.3 model is summarized in Table 1. Argl is the last amino acid
Rmerge(%0)* A of the N-terminal tag and therefore substitutes for the
;;f;lsgloA éi:g N-terminal methionine of the wild-type protein. The hexa-
Refinement _hlstldme tag and the_ factor&tleava_ge site are not visible
resolution range in refinement (A) 16-G.1 in the e_Iectron density map. The side chains which appear
no. of reflections used for refinement 12488 to be disordered (R1, K59, H66, K92, D159, Q164, K204,
no. of non-hydrogen atoms per asymmetric unit 5456 D212, K221, R257, D275, K276, R306, and K310) are
f'fggg_ff’;gt’/gz’ . %g-; located mainly on the protein surface and were excluded from
rmsd from ideal geometry ' phasing. The tight ncs positional restraints resulted in almost
bond lengths (A) 0.009 identical monomers A and B with an rms deviation qf-C
bond angles (deg) 2.3 positions of 0.038 A. The Ramachandran p&#)(calculated
rmsd of bonde@'fa,cmk? (&) 1.35 with the program PROCHECK3() shows that 82.1% of
ﬁ;nﬁéﬂggnpﬁﬁé‘l%lgs A and BAGA) g.ldgs the non-glycine and non-proline residues are located in most

Re S oSl D) — TS5 (1) is the intensity favored regions, 17.6% in additional allowed regions, and
@ Rmerge= Y nyill(h, 1) — nyil(h, i), werel(h, i) is the intensi . : -

value of theith measurement df and(h)Os the corresponding mean only Serl44 is located in gener(_)usly allowed reglons;ﬁof (
value of h for all i measurements dfi the summation is over all ~ andy) _values. The mean coordinate error estimated from a
measurements.R-factor= 5 |Fo — Fl/ Fo, whereF, is the observed ~ Luzzati plot @8) is 0.46 A.

and Fc the calculated structure factor amplitud@he freeR-factor Modeling Experimentsviodeling experiments were carried
was calculated by randomly setting aside 10% of the observed - - . .
reflections. out with FlexX 39), and multiple ring conformations of the
inositol moiety were taken into account using CORINW)
- . i ) . The ligands were built with SYBYL41), and the active site
The statistics of data collection and refinement are given in \, 1« defined by manually placing a ligand into the active

Table 1. . site of StrB1.
Molecular ReplacementThe structure of StrB1 amidi-

notransferase was solved by Patterson search techniqueResyULTS AND DISCUSSION
using the program AMoRe3(). A modified AT model
lacking amino acids 224245 (human amidinotransferase Molecular StructureTheL-arginine:inosamine-phosphate
numbering;23) and alanine in nonidentical positions except amidinotransferase StrB1 froi8 griseus (StrB1) amidi-
for glycine was used as a search model. The Patterson searchotransferase consists of fiv8faS-modules in cyclic
was performed from 1%t5 A using the phased translation arrangement generating a pseudo-5-fold symmetric particle
function in the translational search. The solution showed two with dimensions of 50 Ax 45 A x 40 A (Figure 2). Each
highest peaks in the rotation and translation function corre- 3a/-module is built up from a three-stranded mixegheet
sponding to both monomers, and after final rigid-body fitting, with considerable variations in the length of the strands in
the correlation factor was 48.2 with dXfactor of 40.5%. the connecting segments. The strand directions follow
Model Building and Refinemernthe coordinates of both  roughly the particle pseudo-5-fold axis. The first strand
correctly oriented monomers A and B were subjected to occupies the innermost position, while the following two
rigid-body refinement using X-PLOR3({) with each mol- parallel g-strands are further away from the central axis
ecule divided into two domains (residues-6223 and 246 (Figure 2a). The first module has only the two oyiestrands
423 of the AT model). Refinement using the parameter set (S1 and S2), but th8-sheet is completed by an extra strand
of Engh and Huber32) and cyclicncsaveraging with MAIN S15 of module V (Figure 2a). The connectivity in the mixed
(33) (Roack.iniial = 16.6%) yielded an interpretable electron [-sheets is described blyl, +1x (42), where the inner strand
density map. The atomic model was built with the program makes a hairpin connection to the middle strand which in
ESV-FRODO 84) on an ESV-30 graphic workstation. Many turn is linked to the outer strand via a right-handed crossover
cycles of model building and crystallographic refinement, connection containing an insertion helix. The connecting
including simulated annealing with a starting temperature segments that complete the individy#as-modules are
of 4000 K, Powell energy minimization followed by overall poor in secondary structure elements and contain mainly
B-factor refinement using data between 8.0 and 3.1 A, and short turn-forming &-helices resulting in a high content of
ncsaveraging Roack fina = 11.2%) were carried out. Step by  turn and coils of 56% compared to a content of 26 and 18%
step, the loop connecting the two segments of residues 64 for helices ang3-sheets, respectively. Comparison with the
223 and 246423 of the initial search model and the crystal structure of humanarginine:glycine amidinotrans-
sequence of StrB1 was fitted to the electron density. The ferase (AT) R4) revealed a similar fold with an almost
AB dimer was generated from the B monomer by applying complete conservation of the secondary structure elements
the symmetry operator relating the two monomers in the (Figure 3) but with large conformational rearrangements in
asymmetric unit using MAINZ3). Some additional rounds loops around the active site (see below).
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Ficure 2: Ribbon plot of the StrB1 structure. The individual modules are colored as follows: red (module I, resicil@3),1blue

(module I, residues 110182), green (module Ill, residues 18331), yellow (module IV, residues 23287), and orange (module V,
residues 288348). (a) View from the bottom down the pseudo-5-fold axis. Ffe,3-modules are arranged circularly around a pseudo-
5-fold axis. The putative active site cysteine residue 332 is shown in a ball-and-stick representation. (b) Side view of StrB1. The secondary
structure elements were determined with DS8#8),(and the figure was produced with MOLSCRIPA5) and rendered with POV-Ray.

StrB1 Dimer The asymmetric unit contains two molecules to the narrow active site channel in AT (Figure 5). The
of StrB1 which are related by a local 2-fold symmetry axis architecture of the active site of StrB1 in comparison to AT
roughly parallel to the pseudo-5-fold axis. The dimer may be best explained starting with the 170-loop. The
interface is rather planar and similar to that of AT. It is deletion of helix H9 in AT results in a reorganized polypep-
formed by predominantly hydrophobic residues in the region tide chain consisting of two tight turns (Figure 6). This opens
between H5 and H8 of module Il and from residues in helix the active site entrance and creates some extra space that is
H9 of module Ill. For both StrB1 and AT, size exclusion partly compensated for by a movement of the neighboring
chromatography had suggested a monomeric state in solutiort0-loop toward the 170-loop. The fold of the 40-loop differs
(3), whereas sedimentation equilibrium experiments (unpub- greatly from the corresponding region in AT affecting both
lished results for StrB143) and the crystallographic data the active site entrance and the interior of the cavity. For
show that StrB1 and AT form dimer24). example Tyr38 is completely buried in the 40-loop, whereas

Comparison with Human-ArginineGlycine Amidinotrans-  the corresponding Tyr100 of AT is swung over the active
ferase(AT). StrB1 fromS. griseusshares between 5495 ( site like a lid and shields the active site channel [residues of
glaucescens$trB2) and 86% $treptomyces galbusStrB1) glycine amidinotransferase (AT) are distinguished from those
sequence identity with other bacterial amidinotransferasesof StrB1 by the suffix AT] (Figure 6). Residue Glu37 of
and shares 39% sequence identity with AT (Figure 3). The StrB1 extends into the cavity and increases its acidic
overall fold of StrB1 is similar to that of AT. The rms character, whereas in AT, residue Asn98 is located in the
deviations between the StrB1 and AT modules are as south rim (refers to the standard orientation of Figure 6) and
follows: 3.3 A (module I, calculated for 107 equivalent-C  projects toward the active site entrance. The displacement
atoms), 1.8 A (module 1l, 73 Gatoms, calculated without  of the 40-loop in the southeast of the active site also induces
residues 228240 of AT), 1.6 A (module III, 49 G-atoms), a concomitant reorganization of the 270-loop in the south.
3.4 A (module IV; 55 G-atoms), and 1.2 A (module V, 61  This loop moves toward the 40-loop to which it is linked by
Cq-atoms) [MAIN 33)]. However, five regions are found a salt bridge between <Nof His278 and the carboxylate
in significantly different conformations. These regions oxygen G2 of Glu37 (3.0 A). Substrate binding residue
include the 40-loop (Pro27Ala52), the 170-loop (Alal162 Cys279 moves back by2.5 A. The 270-loop is fastened to
Glul69), the 220-loop (Cys219rhr226), the 250-loop  the amidino group of Arg324 by hydrogen bonds from the
(Val247—Asn261), and the 270-loop (Asp26€ys279) carboxylate group of Asp269 and by the carbonyl oxygen
(Figure 4). Three of these loops (the 40-loop, the 170-loop, of Cys279 (2.9 and 2.7 A), leading to a concomitant local
and the 270-loop) are located at the top of the molecule anddistortion of the segment from residue Thr321 to Thr325.
are involved in the formation of the active site entrance, The other two segments that adopt a different conformation
whereas the other two loops (the 220-loop and the 250-loop)in comparison to AT lead from the active site to the side of
lead from the active site to the side of the molecule (Figure the molecule and comprise the 220- and 250-loops (Figure
4). In contrast to that of AT, the arrangement of loops around 4). The distortion of the 250-loop does not change the spatial
the active site creates a comparatively wide and solvent- position of substrate binding residue Arg246 at the N-
exposed depression in the surface of the molecule comparederminal end of the 250-loop. The conformation of the 220-
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Ficure 3: S griseusStrB1 and AT secondary structure and sequence alignment. The secondary structure elements of both AT and StrB1
belonging to modulesHV are red, blue, green, yellow, and orange, respectively. For StrB1, the short antipausileét S3/S4 of human
mitochondrial amidinotransferase is not assigned by DSBR but it is assigned by RASMOL46) and STRIDE 47). The first five

residues of helix H6 and helix H12 are in g-8onformation. The most abundant amino acid for each position is shown against a yellow

background. Residues implicated in substrate binding or catalysis are shown against a gray background. The two cysteine residues found
in the active site of StrB1 are shown on a red background. The module boundaries are indicated by black triangles. The AT sequence starts

with the first amino acid observed in the crystal struct@4).(Human mitochondrial AT is synthesized as a 423-amino acid preprotein and

is cleaved by a signal peptidase after residue 37 to generate the mature protein. The numbering of the StrB1 and human mitochondrial

sequences both start with the N-terminal methionine. The C-terminal sequence GALETYQF of the crystallized StrB1 prot&n from
griseusis shown. Hummito represents human mitochondrial amidinotransferase [PDB ID code 1JDW, EMBL accession number (Ac) S68805];
SgrStrB1, represents griseusStrB1 (Ac S55493, Y00459). The sequences were aligned using the GCG padBpgad formated with
ALSCRIPT @49).

loop (Cys219-Thr226) is significantly different from that does not switch between an open and closed state.

of AT, whereas the preceding catalytic residues His227 and A comparison of the electrostatic solid surface representa-
Asp229 are observed in similar spatial positions (Figure 4). tion of StrB1 with that of AT illustrates the striking
This region corresponds to the flexible 300-flap of AT, which enlargement of the active site (Figure 5). The inner wall of
moves in concert with helix H9 upon substrate bindigg)( the cavity is lined by many positively (H102, R170, R127,
This ligand-induced fit mechanism leads to a closed and anH227, R246, and H278) and negatively charged residues
open conformation. StrB1 contains a single amino acid (E37, D41, D108, D179, D196, and D229) with a preponder-
deletion in this region, resulting in a conformation which is ance of anionic residues. Since the conformational differences
different from both the closed and open AT conformations. are mainly entrance-restricted, the surface charge distribu-
In particular, Asn300" and Met302T are topologicaly  tions look different when viewed down the active site, but
replaced by Ala224 and Thr226 in StrB1, enlarging the active look similar when viewed from the opposite side. Three
site compartment. Residue Asn300s suggested to play a features of the surface of StrB1 in comparison to AT are
key role in the ligand-induced movements, because it notable: a prominent anionic patch at the far southeast of
sterically interferes with the carboxylate ameéamino group the active site entrance with a clustering of Glu169, Asp173,
of the substrateL-arginine upon binding, inducing the Glul74, and Glu200; the lack of a helix corresponding to
aforementioned conformational changes. This residue isthe AT helix H9, which changes the shape of the southeast
replaced by an alanine residue in StrB1, suggesting that StrBlrim and removes two acidic solvent-exposed residues
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FiGure 4: Superimposition of the Gtraces of StrB1 (brown) and AT (black). The orientation is the same as in Figure 2b. The loops of
StrB1 which deviate most from AT (i.e., the 40-, 170-, 220-, 250-, and 270-loop) are highlighted by bold lines in the colors of the corresponding
modules as in Figure 2. Helix H9 of AT, which is deleted in StrB1, is bold and black. The figure was prepared using MOLSERIPT (

Ficure 5: Comparison of the electrostatic surface potential of StrB1
amidinotransferase (left) with AT (right). The view is down the
active site. The difference in active site architecture with the open
active site cavity of StrB1 in comparison to the very narrow active
site channel of AT is easily seen. The active site entrances are
indicated by arrows. The figure was produced with GRAS®).(

(Glu233 and Asp234); and a rather planar and hydrophobic
patch corresponding to the dimer interface in the north
hemisphere of the molecule, when rotated °1&h the

horizontal axis (not shown). Generally, StrB1 contains more
acidic and less basic residues than AT, resulting in a fgure6: Superimposition of loops around the active site of StrB1

significantly different calculatedlpvalue of 4.9 compared  (yellow) and AT (light blue). The major structural differences occur
to 8.0. at the active site entrance and involve the 270-loop in the west,

Substrate Binding Site¥he active site topology of StrB1  the 40-loop in the southeast, and the 170-loop in the east. In
L - : . addition, catalytic residues Arg322 and Cys322 are shown. The
is similar to that of AT, and almost all active site residues deletion of helix H9 of AT results in a reorganized 170-loop and

are conserved (Figure 7). However, the carbonyl oxygen of may cause the observed conformation of the 40-loop and the 270-
Thr226 and the side chain of Asp229 were fitted to the loop. In comparison to AT, the active site of StrB1 is wide open

electron density in a different conformation than in AT. The and solvent-exposed. The labeled residues are discussed in the text.
electron density is not so well defined as to exclude an AT- 1he figure was produced with SETORY).

like conformation at these locations. The arginine binding of Asp229 into a conformation similar to that of AT would
site was deduced from the structure of AT in complex with lead to reasonable hydrogen bond distances to the substrates.
L-arginine @4). In that structure, the interactions include four Residues Asn286 and Aspl79 are not directly involved in
hydrogen bonds from Ser280 N and from Cys279a8d substrate binding, but Asn286 may be involved in the
Ser280 O to the carboxylate group and from His227'Xo activation of the nucleophilic cystein@4) and Asp179 in
thee-imino group of the bound-arginine. Three salt bridges  stabilizing the imidazole ring of His227, which acts as a
are formed from Arg246 to the carboxylate group and from general acid and/or bas23).

Aspl108 and Asp229 to the guanidino group. If this binding  The binding mode of the second subststglloinosamine
mode is assumed, the nucleophilic Cys332 and Asp2294-phosphate (Figure 1) was predicted by docking experiments
would come far too close<2 A) to the guanidino group of  using FlexX @9). We assumed the enzyme was rigid,
the boundL-arginine in StrB1. However, a rearrangement whereas the multiple flexible ring conformations of the
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- 4-phosphate is found in an ideal low-energy chair conforma-

{a) [ e tion with all substituents in equatorial positions and is

- Y'LJ s predicted to be involved in numerous interactions with active
=0 A, P site residues (Figure 7b).

As mentioned in the introductory sectia®, griseusand
S glaucescengossess two related-arginine:inosamine-
phosphate amidinotransferases (StrB1 and StrB2) with 69
and 61% amino acid identity. Remarkably, the catalytic
cysteine residue 332 is mutated in the StrB2 proteins from

i [ o both strains. This finding brought to light the question of

j % . whether another cysteine residue could substitute for the
i i nucleophilic Cys332. Indeed, a second cysteine residue
FiGURE 7: Binding modes of -arginine and of inosamine phos- (Cys105) was observed in the active site of StrB1. Cys105

phate. (a) Superimposition of the active sites of StrB1 (yellow) and s only ~:4 A from the catalytic Cys332 and occurs as a free
AT (green). The proposedarginine binding site was deduced from i) “However, if the jon pair formation between the
its known complex with AT. (b) The proposed inosamine phosphate b d,A 246 i idered a k . VS
binding site of StrB1. A modeledcylloinosamine 4-phosphate ~ Substrates and Arg I considered a key step In catalysis,
(green) is involved in numerous hydrogen bonds (dashed lines) with the substrates are too short to reach Cys105. This is in
residues of StrB1. The residues of StrB1 are labeled. The figure accordance with the fact that an enzymatic activity $or

was produced with SETORSY). griseusStrB2 could not be showr2(). Therefore, active

inositol moiety of the ligand were taken into account using SUB2 would require a completely different active site
CORINA (40). However, initial docking trials gave a clear (0P0logy and/or reaction mechanism.

solution only when an enzyme model with a different side  Proposed Reaction Mechanisifhe conserved active site
chain conformation of Asp229 was used. The best placementgeometry suggests a similar mechanism for transamidination
yielded a free energy value ef37.4 kJ mof! compared to  of StrB1 and AT (Figure 8). In analogy to catalysis by AT
—24.7 kJ mot* for the second solution corresponding to a (22), the proposed transamidination starts with the binding
165-fold tighter binding. The ring ofscylloinosamine of L-arginine and the subsequent nucleophilic attack of the
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Ficure 8: Proposed reaction mechanism of StrB1. From the substrate binding residues, only Arg246, Asp108, and Asp229 are shown. The
transamidination involves the transient attachment of an amidino group to Cys332.
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thiolate anion of Cys332 on the positively polarized carbon from the side chains of Asp37 and Thr226. However, upon
atom of the guanidino group. As the tetrahedral transition rotation all exocyclic substituents remain in an equatorial
state decays, a covalent cysteirsmidino intermediate and  position but change their spatial position. Therefore, a tight
L-ornithine are formed. The binding of the amidino acceptor binding would require alternative ring conformations and/
scylloinosamine 4-phosphate, the nucleophilic attack on the or a different binding mode.

planar isothiourea group, and the liberation of the reaction  This structure provides a framework for further analysis
product are the final steps of the reaction cycle. However, a of the mechanism of transamidination in streptomycin
detailed picture of thiol activation and deprotonation  biosynthesis. However, structural and biochemical studies
reprotonation of the substrates and products is still missing. on both StrB1 and StrB2 amidinotransferases are required
The deprotonation of the thiol group of Cys332 as a to explain the problem of substrate specificity with emphasis
prerequisite for the nucleophilic attack must occur in the toward the various inositol phosphate analogues which differ
acidic environment of the carboxyl groups of Asp108 and in exocyclic substituents and/or stereochemistry.

Asp229 which are only 3:54.0 A away from % of Cys332.
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