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Fig. 2: Sequential alignment of Peptidyl carrier domains. The sequential alignment of PCPs with
an averaged size of 80 amino acid residues from different organism and NRPS systems like the
Surfactin synthetase from Bacillus subtilis, the Gramicidin synthetase from Bacillus brevis and
the ACV synthetase from different fungus to the TycC3-PCP from Tyrocidine A synthetase from
Brevisbacillus parabrevis show a number of highly conserved amino acid residues. Conserved
amino acid residues are a Trp (Trp23 for TycC3-PCP) at the end of helix I, the function is
scaffolding the protein fold, the domain-recognition sequence ( G/S-X-X-D-N-F-F) right before
the 4’-PP-recognition sequence (G-G-H-S-L) with the essential Ser residue and a C-terminal Thr
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Fig. 6: Trosy-HSQC-spectra of TycC3-apo-PCP and TycC3-holo-PCP. The superimposition
of the 15N-Trosy-HSQC spectra of holo-PCP, shown in blue, and apo-PCP (red)
demonstrates the specific double peaks of each form and imagine the specific and different
dynamics of apo-PCP and holo-PCP. The amino acid residues that are involved in this slow
chemical exchanae are indicated in the spectra.
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Fig. 7: . Refined assignment and conformational exchange of apo-TycC3-PCP.
TROSY-HSQC spectra of different forms of TycC3-PCP. The spectra were recorded
on a Bruker Avance 800 MHz or DMX600 MHz NMR-spectrometer equipped with a
cryogenic probe at 298 K. A, apo-TycC3-PCP with the refined backbone amide proton
assignment according to Weber (PDB accession code: 1dny). Newly defined and
refined assignments are given in bold. Residues showing conformational exchanges
observable by the formation of double peaks are indicated by asterisks which mark
the signals specific for the A-state of apo-TycC3-PCP. The enlarged areas on the right
show four examples. B, holo-TycC3-PCP. Amide proton signals of the 4’-PP cofactor
and of selected PCP residues are indicated. Signals specific for the H-state of holo-
TycC3-PCP are marked. C, apo-TycC3-PCPg4ss. The A45 signal and residues
showing double peaks in the apo-TycC3-PCP spectrum (A) are indicated. Only
signals specific for the A-state (marked by asterisks) are visible. (Koglin et al. Science,
2006, modified<
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Fig. 8: Differences in chemical shift between double peaks observed in the
individual PCP forms. The combined chemical shift differences between the
observed two signals of the individual residues are given in ppm. The
differences were calculated from TROSY-HSQC spectra of the proteins taken at
800 MHz and 298 K. White bars: apo-TycC3-PCP; striped bars: holo-TycC3-
PCP; dark bars: acetyl-holo-TycC3-PCP. The single double peak in the spectra
of acetyl-holo-PCP seem to be effected by rotational freedom of the charge of
the acetyl-group, which effects the Val 61 residue only, due to the position of the
4’-P-cofactor. (Koglin et al. Science, 2006, modified)
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the indirect proton dimension at the amide proton frequency of the
indicated residues. The strips corresponding to V67 and A70 are taken
from the spectrum of holo-TycC3-PCP and the M49 strip from the apo-
TycC3-PCP spectrum. Asterisks indicate H-state and A-state resonances.
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Fig. 10: Structural comparison of PCPs. The comparison of the calculated
structures of the two isoforms of TycC3-apo-PCP (A and A*) and TycC3-holo-PCP
(H and H*) reveals the apo-specific fold (A) based on apo-specific NOEs and the
holo-specific fold (H) of the holo-specific NOEs respectively. The structures based
on the NOEs of the signals give an identical fold (A* and H*) and is called the A/H-
fold. The calculated structures are shown as ribbon diagrams of the protein
backbone and colored from blue (N-terminus) to red (C-terminus) as shown in the
symbolic diagram below.
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Fig. 11: . NMR solution structures of the TycC3-PCP conformers in the A-,
A/H- and H-state. Left panel: Ribbon diagram of secondary structure
elements. Right panel: Space filling models. The molecules are rotated by 90
degrees compared to the molecules in the left panel. The side chain of the
active site residue S45 is shown. The highly conserved region surrounding
the residue S45 is coloured in red. Surface exposed residues of helix/loop
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Fig. 12: D,O exchange measurements of different forms of TycC3-PCP. The D,O buffer
exchange curves for each individual backbone amide are shown. Processing and integration
parameters were kept constant for all [15N, lH]-TROSY-HSQC spectra. For clarity, the
positions of the helices al, all, alll and alV are indicated. a, holo-TycC3-PCP; b, apo-TycC3-
PCP; c, apo-TycC3-PCPgysp; d, D,O exchange rates of selected residues of different TycC3-
PCP forms. The relative amide proton peak intensity of selected residues measured after 115
min. is shown. A20/R25 and Q54/V55 are residues from the helices al and all, respectively,
and F69, in contrast to V67, is located in the loop Il stretch that is buried in the core of TycC3-
PCP in the A-state. (Koglin et al. Science, 2006<
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Fig. 13: Specific interaction of TycC3-PCP conformers with binding
partners. Histogram of the chemical shift differences in NMR-Titration
assays. |, Interaction with Sfp. A, 15N-apo-PCP; B, 15N-apo-PCP S45A;
15N-apo-PCPS45A with CoA and Mgz+. Il, Interaction with SrfTEIl. A,
15N-acetyl-holo-PCP with SrfTEllggea.; B, *N-holo-PCP; C, 15N-apo-
PCP. (Koglin et al. Science, 2006)
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Fig. 14: Result of the titration experiment (Fig. 13) as a graphical
presentation of holo- and apo-PCP with Sfp (1) and SrfTEIl (l1).
(Koglin et al. Science, 2006)
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Fig. 15: Line shape analysis of selected residues of the “°N-holo-TycC3-PCP / SIfTEI
interaction. One-dimensional view of N-H signals of selected holo-TycC3-PCP residues
showing double peaks in TROSY-HSQC spectra. The larger peak represents the A/H-state
specific signal whereas the smaller shoulder in the proton dimension corresponds to the H-
state specific signal. The titration proceeds from free °N-holo-TycC3-PCP (blue) to a final
®N-holo-TycC3-PCP / SIHTEII ratio of 1:1 (red). a, proton dimension; b, nitrogen dimension.
The changes in the equilibrium between the A/H-state and the H-state is in dynamic
exchange dependent on interaction with the appropriate interaction partner and can be
moved back. (= ) 3 %%*?Software: NMRlab Gunther et al., 2000)
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Fig. 16: Surface charge and morphology of A/H-state and H-state holo-TycC3-
PCP. Space-filling model of holo-TycC3-PCP in the A/H-state (a) and H-state
(b). Circles enclose the position of the N-terminal end and the area showing a
change from negative to positive charges caused by a relative repositioning of
helix all compared to the scaffolding helix al in the H-state. The arrow indicates
the position of the active site residue Ser 45. (Koglin et al. Science, 2006)
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Fig. 17: . Model of the A-state TycC3-PCP/Sfp complex. The Sfp protein is shown in yellow,
TycC3-PCP in blue and CoA in red. The arrow indicates the position of the reactive thiol
group of CoA. (a) Proposed position of CoA in Sfp based on energy minimization routines
from AutoDock 3. (b) Space filling model of the Sfp/H-state TycC3-PCP complex derived
from complex modeling using Haddock 1.3 together with cns 1.1. (c) Secondary structural
elements of Sfp and TycC3-PCP involved in the complex interface. Helices of TycC3-PCP
are indicated with roman numbers while latin numbers indicate involved elements of the Sfp
protein. (d) Insight the active complex of Sfp (yellow), apo-TycC3-PCP (blue) with the
essential Ser 45 residue shown and colored blue and the pyrophosphate group of Coenzgme
A (colored by the elements oxygen (red) and phosphorus (cyan)). The coordinating Mg”" is
not shown. (Koglin et al. Science, 2006, modified)
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Fig. 18: Graphical presentation of the 4’-phosphopantheteine
cofactor of PCPs. The cofactor is attached to the hydroxyl-group of
Ser 45 via a phosphoester and the thiol-group is the active site of
the mature holo-PCP. All atoms are labeled corresponding to the

IUPAC nomenclature.
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Fig. 19: Identification of the
two amides of the 4-PP
cofactor. The thiol-group
oriented NBQ is showing a
clear double peak, while
the phosphoester oriented
amide NBR is showing
broad lines of a less
defined single peak. (Koglin
et al. Science, 2006,
modified<
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Fig. 20: Observed NOE-pattern of the thiol-
group oriented amide double peak of the 4'-
PP-cofactor NBQ and NBQ*, which describe
distinct positions of the 4'-PP cofactor on
surface of TycC3-holo-PCP. The assigned
NOEs are mentioned beside the NOE-
stripes. (Koglin et al. Science, 2006<
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Fig. 21: Directed repositioning of the 4’-PP cofactor on the surface of holo-TycC3-PCP. a,
A/H-state of holo-TycC3-PCP with the 4’-PP cofactor located close to residue V26 in the
vicinity of the N-terminal end; b, H-state of holo-TycC3-PCP showing the 4-PP cofactor
located in the vicinity of residue F69 at the other site of the protein. The position of the
protein is rotated by 180° as compared to a; c, rotation of the protein by 90° as compared
with a and b and comparison of the two different locations of the 4’-PP cofactor. The degree
of movement of the 4’-PP arm is indicated. N, N-terminus; C, C-terminus. Identified residues
with contacts to the 4’-PP cofactor are indicated. (= ) 3 %%3 <
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Fig. 22: RDC analysis of holo-TycC3-PCP. (a) Residual dipolar coupling analysis of an
anisotropic sample of the 15N-labeled protein aligned by Pfl-phage shown for A/H-state and H-
state separately. The differences of coupling rates between both states indicate local structural
changes by comparable global orientation. (b) The corresponding pake pattern are support the
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local reorientation of a part of the protein.
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Fig. 23: Superimposition of the °N-Trosy-HSQC spectra of holo-TycC3-PCP with the
typical double peaks (blue) and Trosy-HSQC of TYR-holo-TycC3-PCP with the H-state
specific double peaks only (green) is shown. The assignment of TycC3-PCP is fully
shown and indicate the additionally changed resonances in TYR-holo-TycC3-PCP.
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Fig. 24: Imaging of the frozen H-state of TYR-holo-TycC3-PCP. On the left side the
structure of the H-state is shown with helix al (light blue), helix all (green), the hydroxyl-
group of Ser 45 (red), the by NOEs detected contacts of the cofactor to Leu 68 and Phe
69 (orange) and dark-blue colored the amino acid residues with changed chemical shifts.
On the right side is the tyrosine-modfied 4'-PP cofactor modeled on the protein surface.
The observed changes in chemical shifts of the protein after the tyrosine was bound to
the cofactor suggest the ring current of the aromatic sidechain as the effecter of this
changes. This experiment supports the model of the coordinated movement of the 4'-PP
cofactor dependent on the protein dynamic.
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Fig. 25: Sequential resonance assignment of
TycC3-holo-PCP. The resonance assignment
of all observed protons and the amide nitrogen
chemical shifts are shown. The amino acid
residues that provide double peaks in holo-
PCP are labeled by asterisks.
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Fig 26: Structural statistic of the DYANA derived models of the A-state, the A/H-state and
H-state of TycC3-PCP. (Koglin et al. Science, 2006<
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Fig. 27: Allosteric exchange model. The two-state dynamic of TycC3-PCP is
controlled by the covalent modification with the 4’-PP cofactor and controls
the specific interaction with Sfp (dark blue) in the A-state and SrfTEIl (red) in
the H-state. (Koglin et al. Science, 2006<
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The external Thioesterase of the Surfactin synthetase
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Fig. 28: Structure of Surfactin. The cyclic
lipoheptapeptide Surfactin is biosynthesized in the
indicated order and subsequently cyclisized by a
carboxyester formation of L-Leu’ and the b-hydroxy

fattv acid.
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Fig. 29: Organisation of surfactin synthesis. The biosynthesis of the lipopeptide surfactin A is
encoded by the srfA-operon which comprises four open reading frames codifying the protein
component SrfA-A to A-D of the surfactin synthetase multienzyme system. The two large enzymes
of the surfactin synthetase SrfA-A and SrfA-B, each comprising three amino acids activating
modules, assemble amino acids as thioesters to surfactin in the following order: L-Glu, Leu, Leu
(by SrfA-A) and L-Asp, L-Val and L-Leu (by SrfA-B). SrfA-A is responsible for initiating the
surfactinA biosynthesis by containing an acyltransferase activity, which transfers a beta-hydroxy
fatty acid to the L-Glu activating module. SrfC is a one-module enzyme which contributes the C-
terminal L-leucin-residue. SrfD (SrfTEIll) is an external thioesterase and carries a regeneration
function for false modificated peptidyl carrier proteins (PCPs). Modification of the PCP domain by
Sfp with acetyl-CoA instead of CoA inactivates PCP domains and blocks the NRPS machinery.
SrfTEII affiliate to the a/b-hydrolase family and a catalytic-triade mechanism is presumed. (Bruner
et al. (2002)
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Fig. 30: Mechanism of SrfTEIl. NRPS systems are often
associated with external type Il thioesterases of approx. 250
amino acids, that are essential for their functiona
regeneration. The SrfTElIl enzyme is responsible for
hydrolysing misloaded acetyl residues from otherwise
blocked PCP domains. Mispriming  occurs by
phosphopantetheinyl transferases (PPTase) like Sfp that use
acetyl-CoA instead of CoA as substrate and
phosphopantetheinyl group donor for PCP domains (Quadri
et al. (1998), Biochemistry 37:1585-95). The deletion of
SHTEIl results in the reduction of the in vivo surfactin
biosynthesis of more than 80 % (Linne et al. (2004).
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Fig. 31: ['H-"N]-HSQC NMR-spectra of [H-'°N] SHTEIl. The HSQC (heteronuclear single quantum
correlation) is a 2 dimensional spectroscopy and is used to detect proton-heteronucleus correlations, here
for 'H-""N correlation. This HSQC-spectra of SHTEIl represent a good dispersion of the amids. A good
dispersion or rather resolution of the signals and a high intensity is essential for detection in higher
dimensional experiments and reliable assignments. This HSQC was recorded using a 1 mM sample of °N
labeled and 70% perdeuterated SrfTEIl in 50 mM Na-phosphate pH 6.8 with 20 mM NaCl at a Bruker
Avance 900 MHz spectrometer equipped with a cryoprobe at 298 K. The assignment is indicated
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Fig. 32: Predicted secondary structure of SrfTEIl. The prediction of this
secondary structure reflects the consensus of Chemical Shift Index (csi) and
TALOS prediction. It gives an average fold of the a/b-hydrolases family. An
index of +1 symbolizes b-sheet fold and an index of -1 predicts an a-helical

fold.
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Fig. 33: Alignment of primary sequence and secondary structural elements of SrfTEll
and SrfTEI. An alignment of the amino acid sequence of SrfTEIl (upper row) and SrfTEI*
(lower row) and its secondary structural elements (arrow: b-sheet and tube: a-helix)
display significant differences in fold. The amino acid residues (aa) of the postulated
catalytic triade of SrfTEIl (Ser 86, Asp 190, His 216) and of SrfTEI (Ser 80, Asp 107, His
207) are highlighted in red. SrfTEIl indicates a loop region from aa 45 to 78, interrupted
by a 3 aa b-fold, instead of a b-fold (aa 41 - 49) and a a-helix (aa 56 - 67) in SIfTEI. The
other main difference in secondary structure is an a-helix (aa 191 - 201) in SrfTEIIl, which
is located between 2 residues of the active site (*Bruner et al., 2002).
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Fig. 34: Comparison organization of the secondary structural elements of SHTEIl (left)
and SrfTEl (right side). The sequential organization of the secondary structural
elements is different (Fig. 33), but remarkably the global orientation is similar and both
proteins are showing the average fold of an a/b-hydrolase. The position of the active
site residues to the global fold is slightly different (indicated by red asterisks). N- and C-
termini are labeled, b-strands are indicated as blue arrows and a-helices as orange
tubes.
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Fig. 35: Preliminary structural
model of SrfTEIl. The shown
averaged model based on Ca
traces is derived from 15 cyana
structures sorted by lowest
energy. Both structural features
of a/b-hydrolases, the large b-
sheet and the helix/helix-motif
are shown. The structure is
colored from blue (N-terminus)
to red (C-terminus).
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Fig. 36: Structure of SrfTEIl. The helix/helix-motif is
colored orange at its position on top of the protein core.
This part of the protein is showing a high flexibility
between two putative extreme states. The second
extreme position of the motif is oriented to the left.
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Fig. 37: ['H "N] HSQC spectrum of perdeuterated *°N- labeled SrfTEIl. The SrfTEIl is
showing double peaks in HSQC spctra, suggesting slow chemical exchange and
describe two putative dynamic states. Some of the double peaks are emphasized and
labeled separately. This effect is detectable in defined regions of the protein only.
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Fig. 39: " N-HSQC based titration experiment of “°N-labled SrfTEllsgsa With unlabeled
holo-TycC3-PCP. The titration experiment is showing a weak interaction with holo-TycC3-
PCP. Mainly detectable for just a few amino acid residues as indicated in the spectrum.
The free **N-labled SrfTEllggga is shown in red and *N-labled SrfTEllsgsa in complex with
holo-TycC3-PCP is colored blue.
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Fig. 40: *N-HSQC based titration experiment of *°N-labled SrfTEllsgsa With unlabeled
acetyl-holo-TycC3-PCP. This titration experiment is showing a remarkable different
behavior compared to the interaction with holo-TycC3-PCP. Changes of the chemical
shifts are detectable for all indicated amino acid residues. The free '°N-labled
SrfTEllggga is shown in red and °N-labled SrfTEllsgea in complex with acetyl-holo-
TycC3-PCP is colored green. For the complex (green) double peaks can not be detect

anymaore.
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Fig. 41: Titration experiment of SrfTEIl with myristoyl-CoA. The free SrfTEIl is colored blue
and in the myristoyl-CoA bound state is colored red. The isolated and modified 4'-PP-
cofactor of PCPs is recognized by SrfTEIl. All effected amino acid residues are indicated.
In the complex SrfTEIl is showing the double peaks and both are effected by the modified
and isolated cofactor.
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Fig. 42: Analytical set-up of cell-free protein expression. A: For optimization
and screening reactions, commercially available microdialyzer units were
used. B: The reaction compartment contains approx. 100 pl of reaction
mixture separated by a semi permeable membrane from the feeding
mixture. C: All high molecular weight compounds necessary for
transcription and translation are present in the reaction compartment.
Removal of waste products and supply of precursors is accomplished by
the exchange of low molecular weight compounds with the feeding
compartment. To increase the solubility of membrane proteins, detergents
can be added directly to the reaction- and feeding mixture (Klammt et al.,
2005).
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Fig. 43: Proposed secondary structure of TehA. The 10 transmembrane
segments (TMS) are shown. The C-terminal truncated version DTehA is
indicated in orange. Conserved residues related to the family of multi
drug-transporters are indicated in purple.

$ B + $ +
$ 3 . D " &&< 6 $ $
J 14, $ 6 $
3 /1
%% '( $ E$$ 6 $
$ , ( 3 E
. 6 " &&<3 E $
7 $ $ $ 6
$ $ &

-80 -



Fig. 44: [15N,1H]—TROSY of DTehA. A [U—2H;15N]—Iabelled protein sample
containing 5% LMPG was employed. The spectrum was recorded at a 900
MHz NMR spectrometer equipped with cryogenic probe at a temperature of
40<C. 80% of the protein backbone resonances could be assigned and are
indicated by the amino acid residues one-letter code and the corresponding
number of the amino acid position.
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Fig 45: Combinatorial labeling of DTehA. Two-dimensional [15N,1H]-TROSY and

[15N,1H]—TROSY—HNc0 spectra were recorded at 800 MHz. As an example, a
cross peak at the circled position is present in each of the TROSY spectra,
indicating that it belongs to an alanine residue. The preceding residue must be a
leucine because a HNCO peak is observed for samples 1 and 3, but not for
sample 2. Since the pair leucine-alanine is unique in TehA (47-48), the amide
resonances of Ala48 were thus unambiguously identified (Trbovic et al., 2005,
modified).
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Fig. 46: Single plane from 3D-NhN-
NOESY of TehA. Shown are backbone
amide-amide contacts as NOEs
between coupling amides. The
spectrum was recorded at 900 MHz

using a perdeuterated uniformly 15N-
labeled sample. According to the
contacts from 3D-NH-NOESY-HSQC,
the 3D-NhN-NOESY verifies the
secondary structural elements and
defines inter-helical contacts. Additional
long-range distance constraints to
define the global orientation of the
helices could be derived from a 4D-NN-
Noesy also recorded wusing a
perdeuterated *N-labeled sample of
TehA.
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Fig 47: PRE studies on DTehA. A: Representative TROSY spectra

(800 MHz) of three selectively 15N-labelled mutants, containing a
single cysteine residue with MTSL (left column: reduced state-
diamagnetic; right column: oxidized state-paramagnetic) covalently
attached are shown. Annotated peaks are either completely bleached
out (colored red) or considerably broadened (colored yellow) in the
spectra of the oxidized species due to their proximity to the spin-label.
B: Amino acid sequence of TehA with helical segments as
determined by secondary chemical shifts and NOEs marked in green.
Red letters indicate positions of residues exchanged to cysteins in
individual mutants. Distance constraints from PRE have been derived
for residues printed in blue for each of the mutants. (L6hr, 2006)
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Fig. 48: Preliminary model of D-TehA as derived from dyana 1.05
simulated annealing protocol. A first model of a protein with seven-
transmembrane helices could derived from 420 distance constraints using
dyana 1.05 simulated annealing in vacuum. This calculated model
symbolizes the proposed averaged topology of TehA in LMPG micelles.
N-terminus (blue) and C-terminus (red) are oriented on opposite sites of a
assumed conformational space of a membrane.
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Fig. 49: Biosynthetic pathway for the essential amino acid histidine.
The nine step reaction-sequence is coupled to a high energy
consumption and starts with phosphor-ribosyl-pyrophosphate (PRPP)
and ATP. All involved enzymes are labeled and intermediates and
enzymes are described on the right side. (Carlomagno et al., 1988)
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Fig. 50: Imidazole formation reaction of the Imidazole
glycerol phosphate synthase (IGP-synthase). The substrate
of the reaction N-5-phosphoribulosyl-formimino-5-
aminoimidazol-4-carboxamid-ribonucleotide (PRFAR) is split
by binding the NH; of Glutamine for the formation of the
imidazole ring in IGP and 5-aminoimidazole-4-carboxamide-
ribonucleotide (AICAR), which is used for de novo purine
synthesis.
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Fig. 51: Crystal structure of the heterodimeric T. maritima
Imidazole glycerol-phosphate synthase. PDB code: 1gpw
(Beismann-Driemeyer & Sterner, 2001). The HisF
protein is colored red and the HisH is colored blue.
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Fig. 52: The crystal structure of HisH is colored from
N-terminal (blue) to C-terminal (red) and the
conserved amino acid residues of the active
dimerization site are shown as stick models and the
amino acid type is labeled.
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Fig. 53: The backbone model of the HisF protein from the
Thermotoga maritima IGP-synthase crystal structure
demonstrates the (ab)g-barrel fold of HisF in the opened
confirmation. The inner core made of 8 b-strands is
surrounded by 8 a-helices and the model is colored from
N-terminus (blue) to C-terminus (red). The essential
amino acid residues for dimerization and control of the
glutaminase function of HisH are shown as stick models
and named by residue type. These amino acid residues
are located within one region of the inner core.
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Fig. 54: Model for the
reactivity of the IGP
synthase. The substrate
binding of HisF (barrel
like) and HisH (presented
as an u-iron like drawing)
is dependent on
dimerization (A). The
glutaminase activity and
glutamine  binding are
directly correlated to the
HisF interaction (B) and
enzymatic activity of HisF
is controlled by the
ammonia-transfer (C).
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Fig. 55: Growing rates of the genomic double frame
shift mutations in HisH PU102 and PU107 on fully
supplemented minimal media with added histidinol
was reduced in both cases by a factor of 1/7
compared to the wild type E. coli FP123.
6 $ $
$
6 8# 6 '
# 8- $ BB B"3
#B) X # < " +*<
#B ) $ 6 +<

-94 -



$ 9 (s $
o B " $ 6 BB6
E BB 6 ;" *<

Fig. 56: Association and in vitro dimerization of the two subunits into the intact
enzyme IGP-synthase shown by Blue-Native-PAGE (left side) to verify the
stability of the glutamine free complex of HisH and HisF and by native PHAST-
gel (Amersham-Pharmacia) on the right side. The protein marker to estimate
the size and the lines are labeled.
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Fig. 57: Dimerization of HisH and
HisF shown by isoelectric focusing
the pl of the complex (line 1
(around pl 4.7)) was shifted
compared to the averaged pl of
the isolated monomers HisF (lane
2) and HisH (lane 3) which were
determined experimentally to be pl
isk) 6.4 respectively pl sy 6.0.
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Fig. 58: CD-spectra of the specific binding of glutamine to
HisH. This experiments resulted in considerable changes
in secondary structure compared to the isolated HisH-
domain. A decrease in the a-helical portion for this domain
was found using CD experiments compared to glutamine-
free (black lines) and glutamine-bounded forms (red and
blue lines). The a-helical portion was reduced by 25 — 30%
and was saturated at equimolar concentrations of
glutamine.
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Fig. 59: Tryptophan fluorescence experiments
of monomeric glutamine amido transferase
HisH with different amino acids. The
fluorescence experiments demonstrated a
clear and specific quenching of the tryptophan
fluorescence of HisH with glutamine only. This
fluorescence queniching was detected at 20
pmolar Glutamine concentration in  HisH
solutions and is saturated at equimolar ratio. It
is remarkable that the tryptophan quenching
was not detected with any other amino acid
tested. This results in the impression that the
recognition and binding of the native substrate
to the HisH protein is highly specific. All tested
amino acids are shown in the legend on the
right side of this figure.
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Fig. 60: "H"N-TROSY-HSQC spectrum of N labeled HisF. The assignments of the
backbone amide resonances are indicated for the monomeric HisF by the one-letter code
for the amino acid residues and the position. The spectra was recorded at a DRX800
NMR spectrometer at 290 K of a 1 mM protein sample in 50 mM NaPi, 100 mM NacCl, pH
7.2. Remarkable is the poor number of signals for this 258 amino acid residues protein.

Interestingly the a- helices and the loop regions could be assigned, the internal b-strands
could not be assigned.
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Fig. 61: Projection of the amide backbone
resonances of E. coli HisF on the crystal
structure of the T. maritima HisF identified
the assigned and observable resonances
located on the outer a-helices and loop
regions.
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Fig. 62: 'H- ' N-HSQC-TROSY titration experiments of
perdeuterated HisF revealed numerous chemical shift changes in
the spectra due to conversion of monomeric HisF (blue) to the
native protein-complex HisF-HisH (red). This is an additional
indication of structural changes in HisF by complex formation.
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Fig. 63: Modified functionality of the IGP synthase. The
dimerization of HisH and HisF is independent (B and C) from
glutamine binding (A and C) . The glutaminase activity of HisH
is dependent on PRFAR binding to HisF (C) and the products
are formed and the complex is released after the NH; could be
shuttled trough HisF.
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