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gl ut at hi on€™{( and spermdine with the consunption of % ?&
Trypanothione (N err], Nerr] - bis(glutathionyl)spermdine, TSH) is a

nmet abolite unique to trypanosomati ds such as Trypanosoma speci es,

Lei shmani a species, and Crithidia fasciculata (2). These parasites conprise
pat hogens causi ng wi despread and difficult-to-treat tropical diseases such
as African sleeping sickness (T. brucei ganbiense or T. brucei

r hodesi ense), Chagas di sease (T. cruzi), kala azar (L. donovani), oriental
sore (L. tropica) and mucocut aneous | ei shmaniasis (L. braziliensis). Qhers
(e.g. T. congolense) affect donestic animals, whereas.C fasciculata is

pat hogenic to insects only. Since the discovery of TSH in 1985 (3, 4), the
pat hways for its synthesis and utilization have attracted consi derabl e
interest as potential targets for selective therapeutic intervention (5,

6). In all trypanosomatids TSH substitutes for GSH in the defense agai nst
hydr oper oxi des and derived reactive oxygen species because of its ability
to reduce peroxi des either 2 enzymatically (7 - 9) or spontaneously
(10). It thereby protects the parasitic trypanosonmatids, which apparently
are deficient in catal ase and gl utathi one peroxi dases (11), agai nst

oxi dative stress for instance during host-defense reactions (9, 12, 13).
Trypanot hi one di sul fide thereby fornmed is reduced by the NADPH dependent
trypanot hi one reductase (14, 15), a flavoprotein honol ogous to gl utathione
reduct ase which together w th glutathione peroxidases (16, 17) constitutes
a mgjor part of the defense systemof the host (18, 19). The precursor of
TSH, Gsp, nay have a distinct biological role. It was first identified in
Escherichia coli(20), where it remains unprocessed to TSH due to the
apparent |lack of TSH synthetase. In E. coli GspS, and consequently Gsp, is
prom nent in the stationary phase (20, 21). Simlarly, in C fasciculata

Gsp increagfsadiohptnhidfk Syntisk ng the transition of growth

Glutathionylspermidine synthetase (GspS) catalyzes the first of two steps of trypanothione
biosynthesis, the synthesis of glutathionylspermidine (Gsp) from glutathione (GSH) and
spermidine with the consumption of ATP (1). Trypanothione (N, N
bis(glutathionyl)spermidine, TSH) is a metabolite unique to trypanosomatids such as
Trypanosomna species, Leishmania species, and Crithidia fasciculata (2). These parasites
comprise pathogens causing widespread and difficult-to-treat tropical diseases such as
African sleeping sickness (T, brucei gambiense or T. brucei rhodesiense), Chagas disease (T
cruzi), kala azar (L. donovani), oriental sore (L. tropica) and mucocutaneous leishmaniasis
(L. braziliensis). Others (e.g. T. congolense) affe& domestic animals, whereas C. fasciculala
is pathogenic to insects only.

Since the discovery of TSH in 1985 (3, 4), the pathways for its synthesis and utilization have
attracted considerable interest as potential targets for selective therapeutic intervention (5, 6).
In all trypanosomatids TSH substitutes for GSH in the defense against hydroperoxides and

derived reactive oxygen species because of its ability to reduce peroxides -either



phase to stationary phase, while TSH sinultaneously drops (22). These
fluctuations of GSH conjugates or the associated variations in cellular
sperm dine |l evels have tentatively been inplicated in growh regulation (2,

20, 21). The major biological function of TSH in trypano s to
serve as a"i‘%%i’sf‘ig substrate for thioredoxin-Iike proteﬁ@ﬁ'ﬂ%«g

tryparedoxins (23). Tryparedoxins in térn may have a variety of functions
in replacing thioredoxin whi ch so far could never be identified in
trypanosomati ds. ent role of .tr r d i.n.con ts
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of ribonucl eot i des eby .becom ng ti or .the.enti nuclelic acid
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has once bgefwics Wratstl iGkpl hitg Ghadde uisict! biolkical fofes ¢i eud Aisa uf(eﬁuf&drﬁg from
500 g wet cell mass) and characterized in terns of the appare l}[g% ki netic
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t rypanot hi synt het ase-T'I ke prot éi n(‘ace. nunber 520) was submtted to
Genbank onznugumtaﬂg,, mlfg%sczcb@mafﬁw insregstatybsantially ﬁwisubq raasifipn pleBPYdry 1997
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respectively) and pH optimm (6.5, (1) versus 7.5). Al so, the previously
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here. Taken [ | screpanci es denbnstrate that the two
prepar at i onyparedoxitotonsists donisi Wemerdtiorehirynatetionin pergtidssg |28ert reaction thereof

with a hydroperoxide such as H,0,, a fatty acid hydroperoxide, or a hydroperoxide of a
complete lipid (24). Thereby, GspS together with trypanothione synthetase, trypanothione
reductase, tryparedoxin, and tryparedoxin peroxidase constitutes the most complex system to
protect trypanosomatids against oxidative damage. By analogy, reduced tryparedoxin may
also substitue for thioredoxin in other pathways, e.g. in the reduction of ribonuclectides
thereby becoming essential for the entire nucleic acid metabolism in trypanosomatids.

The first enzyme catalyzing synthesis of Gsp has once been isolated in trace amounts from C.
Sasciculata (0.5 mg from 500 g wet cell mass) and characterized in terms of the apparent
MW, kinetic parameters, and substrate specificity (1).

Another deduced amino acid sequence obtained from C. fasciculata first claimed to represent
a trypanothione-synthetase-like protein(ace. number U66520) was submitted to Genbank on
August 9, 1996, became available to the public in February 1997 and was reported to be the
sequence of glutathionylspermidine synthetase without, however, providing any experimental
data supporting this assignment. In terms of size and sequence, this putative GspS of C.
fasciculara is pat identical with the GspS of C. fasciculata described in the present invention.

This protein differs substantially from GspS described here in molecular mass (90 (I} versus



An enzyne catal yzing the anal ogous reaction in E. coli has recently been
cloned. Surprisingly, this GspS also exhibits a substantial am dase
activity with Gsp as substrate. The sinultaneous catal ysis of Gsp synthesis
and breakdown results in an apparently futile ATP consunption t%

bi ol ogi cal WPEEH® whi ch remai ns specul ative (25, 26). g?ﬁ&”&*’%.’“ﬁ gl i does
not produce TSH, its GspS has obviousldy to be seen in a biological context
distinct fromtrypanosonal TSH netabolism and also the structural and

phyl ogenetic rel ati onshi. f@ga erial rypano I S r NS to be
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The partial am no aci d sequence enables the identification of thgggertl nent
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t hereby makin | ' MAHC-TNE ific inhibitors
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conveni ent ARedrhate toatapaing i tt | apalpgous frgactsp $n f £ omlChad aswenttyu Ibetna clogge h
preparation does not catalyze .any ATP hydrol ysis.in the absenc further
GspS subst?@P@éﬂ%}hﬁ‘lﬁéi‘@é&%l’e&‘g}s.ﬁ 5@?5‘3&&5%?%%?%@“%%“?& @éf‘f?ﬁﬁm?erﬁ?‘% i mpl i es
that GspS gﬁ%itéﬁe&)é @Al sis RRICE) tindBsis AerRakisanehfisSPeR kpjareally fuiteasRIr ed
sinply by T'iberation of i.norgiani c .phosphate fromATP in such partially
purified CopSimmiensthe bislogisgiseled whichaampins sparwagine (2560 Foere & caligloessio) e

I nhi bitor scr. LY. ol n | bAMERLLOR GEhGekAs a
protein chgﬁ'ogcct%gﬁtg’el ;g/ﬁl %‘% ‘2"6’?’???3&{55%%%"?23 %/;bgo ét)%e syntjt hesi s of

gl ut at hi onydsapedormiat TSH méthbolismpisdogsa tharstrodturabend phylegeneriaereloviansleip pf
according to the invention,is furt.her.characterized by an apparent

nol ecul ar %ﬁé‘iﬁﬁfw&f‘”’?@%{%ﬂ bﬁdﬁm‘ﬁﬁstoﬁgvﬁrl%?%dlr‘n is further characterized
by conpri sivig: Rafckthrily, 98 GuenResibs bewthoi forfjugificationnd Gsgs framidh ftiogetas t o

gl ut at hi onyl sperm di ne synt het ase/ am d%ig, of Escheri (B:igi a coli..The protein
accor di ng wisldingean sagam §ubRrough 1o pF pqquenc P%?,al”éai PIRIA] 26K SEFISE 31T XFed from

a speci s gl tRG LG hy/perintRARASATBe heieRIRbuskBEULRAdhdroF b3 MetRENIRowapeci es
by reconbi nant DNA techni %ues maki ng use of the partial amno acid
F
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purify GspS from C. fasciculata. Such preparation does not catalyze any ATP hydrolysis in

the absence of further GspS substrates and cofactors, i. e. spermidine and magnesium. This
implies that GspS activity and inhibition thereof can be specifically measured simply by
liberation of inorganic phosphate from ATP in such partially purified GspS. This test system
is easily automatized for Jarge scale inhibitor screening.

Thus, one embodiment of the invention concerns a protein characterized by its ability to
catalyze the synthesis of glutathionylspermidine with a pH optimum of about 7.5.

The protein according to the invention is further characterized by an apparent molecular
weight of 78,000 £ 3000 Da.

The protein is further characterized by comprising partial sequences shown in fig. 1 and
being homologous to glutathionylspermidine synthetase/amidase of Escherichia coli.

The protein according to the invention is further characterized by being isolated from a
species of the family trypanosomatidae or produced in any other species by recombinant
DNA techniques making use of the partial amino acid sequences shown in fig. 1, gepetic
probes or primers derived thereof or encoding nucleic acid sequences thus obtained, e. g.

SEQID NOI (fig. 2) or any useful part thereof.



4 The protein according to the invention is further characterized by
conprising the partial am no acid sequence deduced fromthe nucleic acid
sequence SEQ I D NOL. The protein according to the invention is further
characterized by conprising or having a sequence which i 70 %
prefernti a}:q>§sizf§50% identical to that deduced from SEQ | Dls?\ﬁ}:*}ra%é%ecti vely.
The protein according to the inventiorfis also any nodification thereof
genetically designed for facilitaded purification such as e. g. a
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anot her enbodi nent of the inventiaqn concerns a pha ceutical preparation
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accor di ng écﬁvig}hgs %H?@ttﬁlé’mﬁi&{ threBf Bdnebd) ciefibntBAButDPeitlany R&GdagCor di ng
to the process according to the invention to produce said protein. The
phar maceut hiteadtiopraf piacrgrnio rphaspbese dtomy adenopyiaiphespate (OFRP inthserressateatk eri zed
in that it _can,be talne ‘ rding to the invention and/or by
using a te?F"’%‘?@f’@ﬁ?%@@%?%}d%ag#%ﬁ?ﬁ’gﬁél?nventi on. The invention is now
descri bed Dye preessobthe frivgtfonds echcexanitiyesalfmueof bquePar tHoghassyuences of
GspS from C fasciculata co red to Gsp synthetase/am das from Escherichi a
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= i denti caly gl GntRaikks: of tF HldMib@ls Avispaifacidimimtet 6MGHESESLtityoby E.
means of the detection of inorganic phosphate from ATP by partially purified GspS.

This analytical process is characterized by not being disturbed by any other ATP hydrolyzing
activity enhanced by glutathione and spermidine.

Finally, another embodiment of the invention concerns a pharmaceutical preparation having
trypanocidal activity and comprising an inhibitory substance according to the invention or of
a protein which can be obtained according to the process according to the invention to
produce said protein.

The pharmaceutical preparation according to the invention can be characterized in that it can
be obtained by use according to the invention and/or by using a test system according to the

invention.

The invention is now described by means of figures and examples

Figure 1. Partial sequences of GspS from C. fasciculata compared to Gsp
synthetase/amidas from Escherichia coli. The amino acid numbering corresponds to the E.
coli sequence (23). * = identical amino acids, + = similar amino acids found in GspS from £.

coli.



coli. Figure 2. Partial DNA sequence encoding GspS of C fascicul ata.
Correspondi ng peptide sequences in the deduced am no acid sequence, which
are verified by peptide sequencing of authentic GspS from C. fascicul ata
are underl i pgure 3. Extraction of glutathionyl sper het ase
i n agueous ‘Pﬁg%e systens. GspS = gl utathi onyl sperm di &@ﬁ@%@ ase,

= trypanot hi one synt het ase. For extractsl on of GspS aqueous two-phase
systens were prepared by weighing in concentrated solutions of the phase

conponent s..and . | :
(PEG) | phoJigar B 2 BRdpNA e %H&%@&;ﬁ@oém 6\;‘5)&3%3?"?‘{ ColjGpp &%eﬁme
Na- K- phos plaqiences [iﬂrlt}E d&ducad dmit%crseglendzo whigk aetverifidkhisy peptidetsequenvarg gfent | y
shaken for 10 m te eratur separat ed by centrifugation at
5000 g. W%“I‘Pef‘ﬁ g;}é’f e ai ‘fe& -an extraction of GspS into the top
phase with a purlflcatlon factor of 30 in one step. 1. System GspS was
extracted into the top phase of an aqueous two-phase system containing 7.5%
(w w) PEJ Bignte éndﬂximeww) “Wkﬂmﬁﬂ@pﬁtﬁ!@ syHhetag, ip 3<}W§’éefm)ﬁhh%?

L0 a
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| ysate. 3.edbpstionnaf Gsbs atyogoup hasghaed systlams mmm@aﬁddgewaylﬁﬁgannMed to an
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gl ut at hi onMﬂEm@ﬁ ﬂdté‘@ys‘@éﬁm:&ﬁ&ﬁﬁg 7fsw@wwp pse%u,r 3%8 (R m—mhbsgﬁme lpaznes are
as follows: mar ker proteins; pool ed fractions after

chr omat ogr aﬁh?ﬁ%ﬁo"l@mﬁd@h@@’geﬁﬁ%l B F‘P@E@' iR sBeapy shakem fynth Bt abFP™on Por os
20 PE; 4, nanmm maé &&Eﬁ&gﬁ&r@gmrgaphy on Poros 20 Pi; 5, pooled
fracti ons after ography on Resource Q Figure 5. Titration curve
anal ysi s oWithithe ﬁmm@mmeldgi at extradtion pf S imodheepphase with a parifidaiigns t

di mensi on: oelectric focu5| ng, run w thout protein sanple; second
di mensi on: faﬁtg’ %/ﬁ REESTP:

1. System: GspS was extracted into the top phase of an aqueous two-phase system containing
7.5% (wiw) PEGgqgo and 13% (w/w) Na-K-phosphate, pH 7.0. 2. System: the PEG-rich top
phase of the first system containing GspS was applied to a bottom phase of an identical
system containing water instead of cell lysate. 3. System: the top phase of the second phase
system was added to an acidified bottom phase of a blank system. The GspS was now

extracted into the phosphate-rich bottom phase.

Figure 4. SDS-PAGE analysis of the glutathionylspermidine synthetase fractions during
purification. Lanes are as follows: 1, SDS marker proteins; 2, pooled fractions after
chromatography on Mono P; 3, pooled fractions after chromatography on Poros 20 PE; 4,
pooled fractions after chromatography on Poros 20 Pi; 5, pooled fractions afier

chromatography on Resource Q.

Figure 5. Titration curve analysis of the homogeneous glutathionylspermidine
synthetase. First dimension: isoelectric focusing, run without protein sample; second

dimension: native PAGE.

Figure 6. Scheme of the glufathionylspermidine synthetase as a rapid equilibrium

random terreactant system.



Figure 6. Schene of the glutathionyl sperm dine synthetase as a rapid

equi libriumrandomterreactant system Figure 7. pH optinmm of

gl ut at hi onyl sperm di ne synt hetase. Product formation of Gsp was anal yzed as

descri bed under Experinental Procedures. Values are neans standard

devi ati ons WPGB#4%b i ndependent neasurenents done at 10 FH/ERI7REE Fi gure

8. [err]P NMWR spectra during the reactfon of the gl utathionyl sperm di ne

synthetase with their substrates. (A) GspS in the presence of ATP,

i ncubation time O mn, scanning time =7 mn; (B) GspS in the presence of

ATP, incubation time = 5 h, scanning tine = 30 mn; (C addition of the

second subgighad . (EEOPtiMumSETal N thions lsperinidind ainitipfiast] Prodwt ﬁrﬂancsaczﬁmpng tinme
=30 min; ( addition of the third _ substrate (GSH or spermdl ne)
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Figure 9. Malachite green colorimetric assay for liberation of inorganic phosphate. The
malachite green colorimetric assay for liberation of inorganic phosphate (1) was used for fast
detection of GspS activity. '

The standard assay was carried out at 25.0°C in 2 volume of 0.15 ml! containing 50 mM Bis-
Tris-propane, 50 mM Tris, pH 7.5, 5 mM MgSO,, 1 mM EDTA, 5 mM DTT, 5 mM ATP, 10
mM GSH, 10 mM spermidine, and GspS. After an incubation of 10 min the malachite green
reagent was added for detection of GspS activity.

High enzymatic GspS activity is visualized by a dark green color of the assay.

Blank = standard assay with water instead of GspS; no liberation of phosphate, therefore the
color of the assay is yellow instead of green.

ADP significantly inhibits GspS. The type of inhibition is competitive with respect to ATP.



ATP [mM:-> 0.2nM 0. 2mM 0. 5mm 0.5 mv inmM 1V 2
mvM 2mvermM 5niM [err] EXAMPLES Exanple 1. Purification of GspS. Production
of starting rrateri al: C. fasciculata was grown in a nedi um previously
descri bed ((é}’ in a 100-1 fernmenter at 27C with continuous stirring (200
rpm and ad¥@P¥BEe(0.1 vvm). Organisns were harvested i n RERERSZPEE2

| ogarithm c growt h phase by continous flow centrifugation. The pellet was
resuspended with 100 mM HEPES buffer (pH 7.5) containing | nMDITT and 1 nM
MySO err]. After centrifugation the cells were stored at -20C. GspS Assay:
The assays were carried out at 25.0[err]Cin a volunme of 0.9 m containing
50 mM Bi s-Ar .S RE ; s TR L mM MgSO err], 1 mM EDTA, 5 nmM
DIT, 5 nM ﬁdﬁgm‘%&pnﬁ@ﬁ&% “ﬁ%k’?ﬁ\ﬁ“ggé < le e (1). The assay for TS was
carried out as described by Smth et al. (1) Aliquots were taken after 20
mn. For thiol analysis a precolumm derivatization with the fluorescent

t hi ol - specafP gmkpagermM nonobreiwbi mans rfiidal bi achar) , WeismMs @éehMs2 descr i bed
previously (2). Al sanples for HPLC anal ysis were diluted four-fold

wi th wat ermnSeparmt 5 giM angmanal ytical conditions were as described
previously (28) HPLC- anal ysi s was perfor rred wi th a Jasco- HPLC-system
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EXAMPLES

Example 1. Purification of GspS.

Production of starting material: C. fasciculata was grown in 2 medium previously described
(27) in a 100-1 fermenter at 27°C with continuous stirring (200 rpm) and aeration (0.1 vvm).
Organisms were harvested in the late logarithmic growth phase by continous flow
centrifugation. The pellet was resuspended with 100 mM HEPES buffer (pH 7.5) containing
I mM DTT and 1 mM MgSO,. After centrifugation the cells were stored at -20°C.

GspS Assay: The assays were carried out at 25.0°C in a volume of 0.9 ml containing 50 mM
Bis-Tris-propane, 50 mM Tris, pH 7.5, 5 mM MgSO,, 1 mM EDTA, 5§ mM DTT, 5§ mM
ATP, 10 mM GSH, and 10 mM spermidine {1). The assay for TS was carried out as
described by Smith et al. (1). Aliquots were taken after 20 min. For thiol analysis a
precolumn derivatization with the fluorescent thiol-specific reagent, monobromobimane

(Calbiochem), was used as described previously (2). All samples for HPLC analysis were



wei ghing in concentrated solutions of the phase conponents and finally the
crude extract (Fig. 3). A poly(ethylene glycol) (PEG/phosphate system
containing 7.5% (wWw PEJerr], 13% (W w Na-K-phosphate, pH 7.0, and 40%
crude honogenate (or water in the blank systens) was used. The m xture was
gently shaR¥n¥26P5010 nin at room tenperature and separ at eBCTERI7/06982
centrifugation at 5000 g. The top phasé@ was sucked off and applied to a
bott om phase of a blank system After m xing, centrifugation, and
separation_of the gﬁgse,s the PEG rjch top phase of  the second phase
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systems) was used. The mixture was gently shaken for 10 min at room temperature and

separated by centrifugation at 5000 g. The top phase was sucked off and applied to a bottom
phase of a blank system. After mixing, centrifugation, and separation of the phases the PEG-
rich top phase of the second phase extraction was mixed with a blank bottom phase, adjusted
to pH 6.0 with HCI. This third system was mixed again, centrifuged, and separated. Now the
GspS was found in the phosphate-rich bottom phase.

Digfiltration: The phosphate-rich third bottom phase and other pooled enzyme fractions were
diafiltrated with an omega membrane with a cut-off of 30 kDa (Filtron Minisette) using a Pro
Fhoe M12 (Amicon) at 0.2 MPa and a 500-fold volume of 2 mM Bis-Tris-propane buffer, pH
8.0.

Resource Q Chromatography: A BioLogic-System (Bio-Rad) was used at 4°C for all
chromatographies. The diafiltrated prqtein mixture was applied onto a Resource Q column (6
mi) (Pharmacia) equilibrated with 2 mM Bis-Tris-propane buffer, pH 8.0. After washing with
10 column volumes of equilibration buffer, the bound proteins were eluted at a flow rate of 1

mi/min with a gradient of 0.0 to 0.4 M KCI (100% B) as follows: t = 0 min, B = 0%; t = 20



Poros 20 PE Chromat ography: Pool ed active fractions were adjusted to | M
ammoni um sul fate and applied onto a hydrophobic interaction chromatography
colum Poros 20 PE (0.46 x 10 cm 1.7 m) (Perseptive Bi osystens)
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and eluted with a linear gradient of P to O Mamoniumsulfate and a fl ow
rate of 4 m/mn over 7.5 mn. GspS eluted at 0.75 M amoni um sul f ate.

Pool ed active fractions were diafiltrated wth 10 Bi - Tt l.s-Rr@pane

buf f er, pﬁlié%i‘ lﬁ%h%ﬁgfﬂ%%%&‘;‘pﬁ%@W e"m%qto%tfi Tt‘?@lﬂpg’i:l%f'r gidﬁ’it%nﬁ&/as

appl i ed ogho 8 %WA.%W@SZQ%@BPW7 v K01)ant RRApoR&d &livé Bhctidhd aBreexchange
: e colu

chr omat ogr aphy m was equilibrated with 10 nmM Bi s-Tri s- propane

buf fer, phiafiltBuedAfithek miERibTrigpimpang baifercdi &fn vol unes of equilibration
buffer, bound proteins were eluted with a gradient of 0 to I M NaC (100%
B) as follows: t =0 mn, B=0% t =20 mn, B=25% t = 40 mn, B = 25
t = 60 m pgrdd 26 B QWroriatozr &y iha diafltmted Phfeirts werel:pPliet anto Moros 20000646 he | ow

rate was 1 m/mn. GspS eluted at 0.45 M NaCl ults: The i fi.cation
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were concentrated in a gumlike interphase if the pH of the system was
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denonstrated a significant I ncrease in the partition coeffiCPci erbtg GspS
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of 30 equilibration buffer, and eluted with a linear gradient of 1 to 0 M ammonium sulfate and a
flow rate of 4 ml/min over 7.5 min. GspS eluted at 0.75 M ammonium sulfate. Pooled active

fractions were diafiltrated with 10 mM Bis-Tris-propane buffer, pH 6.8.

Mono P Chromatography: The diafiltrated fraction was applied onto a Mono P HR 5/20
column (4 ml) (Pharmacia) for anion exchange chromatography. The column was
equilibrated with 10 mM Bis-Tris-propane buffer, pH 6.8. After washing with 10 column
volumes of equilibration buffer, bound proteins were eluted with a gradient of 0 to 1 M NaCl
(100% B) as follows: t = 0 min, B = 0%; t = 20 min, B = 25%; t = 40 min, B = 25%; t = 60
min, B = 50%; t= 80 min, B = 50%; t = 100 min, B = 100%. The flow rate was 1 mb/min.
GspS eluted at 0.45 M NaCl.

Results: The purification strategy outlined above resulted in a GspS preparation with a
specific activity of 37.6 U/mg at an overall yield of about 20%. The purification factor
achieved was 12,500. As is seen from table 1, the phase distribution system applied proved to
be highly efficient in enriching GspS.

The optimized procedure was based on a factorial design of phase compositions (31), ie.
PEGgqqo/phosphate (7.5/13% (w/w)), PEG,gqc/phosphate (8/14% (w/w)), PEGss¢/phosphate
(9/18% (wiw)), each tested at pH 4.0, 5.5, and 7.0 and containing 40% cell lysate. By



in one step. Sone residual turbidity left in the top phase of the initial
extraction could be elimnated by a second extraction step, m xing the
primary top phase with a bottom phase of an identical blank system By
these systens a proteolytic activity, as observed with casein eI | ow, and
an ATPase a&qay{zg Swere quantitatively renoved by extract FENEPH{OSRE he
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then coul d ipend staded onto a Resource Q col um. GspS thus purified appeared
honbgeneous by SDS- PAGE.(Fig. 4) and by titration curve analysis ‘(DFI g. 5).
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enzyne to di merjze. I'n essence, however, GspS of C fasciculata was
present as SUTARIABIEIO tBp BhpssfEspS was essentially free of interfering enzymatic activities and

could be precisely quantitated by ATP hydrolysis in the presence of glutathione and

spermidine. The final chromatographic purification of GspS, however, was impaired by the
high phosphate concentration and viscosity of the top phase in which the enzyme was
dissolved. GspS was therefore extracted from the second top phase into the bottom phase of a
third system by lowering its pH to 6.0 without loss of activity. The GspS in the phosphate-
rich bottom phase was diafiltrated and then could be loaded onto a Resource Q column. GspS
thus purified appeared homogeneous by SDS-PAGE (Fig. 4) and by titration curve analysis
(Fig. 5).

Example 2. Determination of physical parameters of GspS.

Molecular mass estimation by gel permeation chromatography: Proteins were applied ontc 2
gel permeation chromatography column Superose 12 (HR 10/30) (Pharmacia) equilibrated
with 20 mM Bis-Tris-propane buffer, pH 7.5 containing 0.15 M NaCl and eluted with a flow
rate of 0.3 mi/min. Blue dextran (2,000 kDa), thyroglobulin (669 kDa), ferritin (440 kDa), B-
amylase (200 kDa), alcohol dehydrogenase (150 kDa), bovine serum albumin {67 kDa)}, and
carbonic anhydrase (30 kDa) were used as standards.

Gel permeation chromatography on Superose 12 indicated a molecular mass of 79 kDa. A

small activity peak eluted at about 170 kDa suggesting a slight tendency of the enzyme to



of 79 kDa. El ectrophoresis: The subunit nol ecul ar wei ght was determ ned by
SDS- PAGE (28) using a PhastGel Gradient 8-25 (Pharmacia) with the foll ow ng
nol ecul ar wei ght standards: phosphorylase b (94 kDa), bovine serum al bum n
(67 kDa), oval bumin (43 kDa), carbonic anhydrase (30 kDa), trypsin

i nhi bitor WoP8Es®RHa), and a-lactal bunmin (14.4 kDa). A sul:ﬁﬂ’f‘ﬂ’e”?ﬁﬂ%?cul ar
mass of GspS of 78 kDa was estimated By SDS- PAGE. The native nol ecul ar

wei ght was determ ned by native PAGE using a PhastGel Gradient 8- 25
(Pharmacia) with the s follo Iec | ar wei ght standards and
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obt ai ned by gradl ent gel electrophoresis of the native enzyne. The identity
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(Pharmacia) with a broad pl calibration kit and by titration curve analysis with PhastGe} IEF

3-9. The latter technique is a two-dimensional electrophoresis. In the first dimension, a pH
gradient is generated. The gel is then rotated clockwise 90° and the sample is applied
perpendicular to the pH gradient across the middle of the gel (29).

For detection of GspS activity after isoelectric focusing the gels were cut into two pieces, one
was silver stained for protein detection and the second was incubated for 15 min at room
temperature in a solution of 160 mM HEPES, pH 7.0, 5 mM MgSQ,, | mM EDTA, 5 mM
DTT, 10 mM GSH, 10 mM spermidine, and 2 mM ATP. After 15 min 2.5 ml of a staining
solution containing malachite green, ammonium molybdate and Tween 20 (1) was added.
Lanes containing active GspS showed a dark green colour after few minutes.

The isoelectric point deduced from isoelectric focusing was at pH 4.6.

Example 3. Amino acid sequencing.

SDS-PAGE of purified GspS was performed at a constant current of 20 mA in a separating
gel (T = 7.5%;. For blotting, the proteins were transferred for 1.5 h onto a PVDF-membrane
at 40 V/70 mA in a buffer containing 25 mM Tris base, 192 mM glycine, and 10% (v/v)

methanol. The blot was stained with Coomassie blue.



For peptide sequencing the band corresponding to a nol ecul ar mass of 78 kDa
was cut out. This material was washed and di gested with endoprotei nase
Lys-C as described before (30) and separated by reversed-phase HPLC (30).
Pepti de peaks were detected at 214 nmand collected manual ly. Ali %uots of
15 - 30 [erVP % applied directly to biobrene-coated, pFPetERI@Y ass
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All kinetic experiments were carried out at 25.0°C in a volume of 0.9 ml containing 50 mM
Bis-Tris-propane, 50 mM Tris, pH 7.5, | mM EDTA, 5 mM DTT and variable concentrations
of ATP (0.10, 0.13, 0.18, 0.28, 0.66 mM ATP), GSH (0.36, 0.47, 0.66, 1.11, 3.57 mM GSH),
and spermidine (0.36, 0.47, 0.66, 1.11, 3.57 mM spermidine), respectively. The enzymatic
tests for kinetic studies except the ADP inhibition studies were performed in the presence of
phosphoenolpyruvate (10 mM) and pyruvate Kinase (0.5 units). A fixed magnesium
concentration of 5 mM and a GspS content of 0.072 mg (0.923 uM) was used. Aliquots were
taken at 15 min and 30 min. GspS activity was analyzed by product determination as
described in example 1.

The experimental data thus obtained classify the kinetic mechanism of GspS as an
equilibrium random-order mechanism. Whether the complexation of the individual substrates
occurs absolutely independently of each other or whether the binding substrates mutuaily
affect affinities of cosubstrates, is less easily decided. The apparent K,, values for the
different substrates, however, are not significantly affected by the concentrations of the
respective cosubstrates. Consequently, the deduced dissociation constants of the
corresponding binary, ternary and quarternary complexes are very close for a given substrate
and not significantly different. This would indeed imply a mutually independent random

addition of substrates. But with regard to the inevitable scatter of data it can not be exluded
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| ocked to emmedafos # rrfticsamaReRdon aofesie Fipck this maodesis, it BhicrEd tear ti al
reactions. Ihe. &y AR b ol %v.nmf’t@@kp%s e rﬁz\fﬂﬁ'ﬁr@[a@am&rg; g‘gbg?ateé%mgﬂ me of

0.6 m contair'ni ng I'S- Trls-plopane, 5 res, p
MySq err], nibnirkedzDiotntisl pavaDEaction by T h&iMit.esence of 20% D20. Spectra were

recorded aty beqgi nni ng_of . t.h eri,gen after the b4 on ,of the

substrates (Pt Sﬁ%ﬁ?wfﬁ%nﬁéigﬁ,ga% eiéﬁ%ﬁtog%s {%T?‘CFF?tgggy%ze?ﬁ‘gnstrat es

that w th addkedonieidaambrionfesaiancewbBi0,ad etechpoiédhlibl gattlahauaioncoul d be observed
rs unless the third ate was added. These fi

ithin 5 h i
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presumed catalytic intermed ate gl utathionyl phosphate be f or ned in any
det ect abl e SARPaARLODIPeeire Weie BagIF % the Reginging of teeoarppranent and after the addition

of the substrates (5 mM ATP, 10 mM GSH, and 10 mM spermidine).

T

Fig. 8 demonstrates that with all combinations of substrates no ATP turnover could be
observed within 5 hours unless the third substrate was added. These findings strongly support
the assumption of a quarternary complex mechanism and explain the absence of any ATPase
activity of GspS. Neither can the presumed catalytic intermediate glutathionylphosphate be
formed in any detectable amount by an incomplete catalytic complex.

As already mentioned ADP significantly inhibits GspS which renders it difficult to measure
GspS activity in the absence of an ATP regenerating system. The type of inhibition is
competitive with respect to ATP. A K; of 80 uM was calculated which is in the range of
physiological ADP concentrations. GspS also proved to be feed-back inhibited by TSH with
a K, of 480 uM, which is competed by GSH.

Example 5. pH-optimum of GspS.
The activity of GspS was measured essentially as described in example 4 but at pH values

ranging from 6 - 8. GspS shows a flat pH optimum near pH 7.5 (Fig. 7).

Example 6. Use of malachite green colorimetric assay for liberation of inorganmie

phosphate in GspS preparations partially purified according to example 1.
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A ut at hi onyl sper mi di ne Synt hetase Leopold Flohe Clains 1. A protein

(gl utathionyl sperm dine synthetase) catal yzing the synthesis of

gl ut at hi ong\%os%{e}rm di ne characterized by (i) a pH optimum of said

synt hesi s 8% pH 7.5, (ii) a molecular mass of 78, RMSO/EPST/HOE Da and
(ii1) a capability of hydrolyzing ATP!Tn the presence of gl utathione and
sperm di ne both together. 2. A protein according to claim1l characterized
by a partial peptide sequence selected fromthe group consisting of SEQ ID
NO 1, SEQID NO 2, SEQID NO 3, SEQID NO 4, SEQID NO 5, SEQ ID NO 6

and/ or SEQs|Eilder, 133, RABHD.5 NHfts@lan, 5. W3 KofledROLA] WaRE €OT qi998) s @i m 1 or
2 characterized I1n that it can be isolated froma species of the famly of
t r ypanosorkendsT0piA031-14041i )  honogeni zi ng cell's bel onging to

Trypanosonat i dae, especially Trypanosoma sp., Leishmania sp., Herpetononas
sp., Leptononas sp., Blastocrithidia sp., Cithidia sp., Phytononas sp.,
especi al | g6XKivbhill§ alinaScHg Chat, §,, Cowar)l, JIex WabhiC. Mg atdBollirger) UM.{PHTpnDgenat e

by neans of _a ueqQus l.ti phase system (iii) separating the phase
cont ai ni n(ff?‘l‘?g C%?’nggr?%ﬁ%‘%ag and, (iv) if wanted, isolating the protein
from sai d phase.
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4. A protein according to any of clains 1 to 3 characterized in that it can
be produced by genetic engi neering nethods known per se, nmaeking use of SEQ
IDNO1, SEQID NO 2, SEQID NO 3, SEQID NO 4, SEQID NO 5, SEQID NO 6
and/or SEQID NO 7 as partial amno acid sequences shown in Fig. 1 or SEQ

| D NO 8 sha¥msadiagd®i g. 2 or a part or variant thereof. 5. PCHRRIVER2
according to claim1, 3, or 4 characte®i zed by SEQ ID NO 8 as parti al
deduced am no acid sequence shown in Fig. 2 or by any sequence being

honol ogous to SEQ I D NO 8, having the same nunber of am no acids as SEQ I D
NO 8 and being identical in nore than 70 % especially nore than 75 %of
the amno acid residues . 6. A protein according to c¢claim1,

characterized by being in part encoded (i) by SEQ I§ m “ﬁﬂmm

sequence shown in Fig. 2 or (ii) by any other DNA se sarre
nunber of nucl eotides and being identical to SEQID NO 9 in nore*than 70 %
and especially 75 % of the nucleotides, wherein said other DNA sequence can
optionally be hybridized with the conplenmentary strand of SEQ ID NO 9 at a
tenperature of at least 25 [err]C and at a NaCl concentration of 1M 3
7. Process for the recovery of a protein according to any of the preceding
clains, characterized in that (i) cells belonging to Trypanosomati dae are
honogeni zed, (ii) the resulting honbgenate is extract eqh}gghew of an

aqueous nul ti phase system “,m as Been R

T

Glutathionylspermidine Synthetase

Claims

1. A protein catalyzing the synthesis of glutathionylspermidine characterized by a pH
optimum of said synthesis of about pH 7.5 and by a molecular mass of 78,000 % 3,000 Da.

2. A protein according to claim I characterized by SEQ ID NO 1, SEQ ID NO 2, SEQ ID
NO 3, SEQ ID NG 4, SEQ ID NO 5, SEQ ID NO 6 and/or SEQ ID NO 7 as partial peptide

sequences shown in Fig. 1.

3. A protein according to claim 1 or 2 characterized in that it can be isolated from a species
of the family of trypanosomatids (Trypanosomatidae), especially Trypanosoma sp.,
Leishmania sp., Herpetomonas sp., Leptomonas sp., Blastocrithidia sp., Crithidia sp.,

Phytomonas sp., especially C. fasciculuta.

4, A protein according to any of claims 1 to 3 characterized in that it can be produced by
genetic engineering methods known per se, making use of SEQ ID NO 1, SEQ ID NO 2,
SEQ ID NO 3, SEQ ID NO 4, SEQ ID NO 5, SEQ ID NO 6 and/or SEQ ID NO 7 as partial

THIS SHEET HAS BEEN
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(ti1) the phase containing the protein wanted is separated and, (iv) if
wanted, the protein ispy ﬁ mmmﬂmaid phase. 8. Process according to
claim?7, characteri zegl“lm) m raction is carried out by nmeans of a
2- phase system and/or that (‘a) "oné of the aqueous phases contains an
organi ¢ poMmeH26&8 a ni xture of organic pol ymers, especi &CK{EPS7/06582

pol yet hyl enegl ycol (PEG having a nol €€ul ar wei ght of nore than 1500 Da and
especially nore than 6000 Da; and (b) the other phase is an aqueous

solution of a salt or a mxture of : A L NG JoRarft! @i M 8,
char act er | 8§° PH tser?é{?ncﬁshsg‘] ‘ém(“aﬁgglo?\rtsiél?g) E%C? ﬁ%\%ﬁg%é‘" ?r%?ég%f?ar wei ght of
about 6000gERef and/ or that phase (b) is a phosphate solution preferably of

a pH of about 7. 10. Process according to any of clainms 7 to 9,
characterized in that before an optional isolation of the protein wanted,

the protein ;ggxf&e?d 0e6kaind (Sakifh RHAGE GaRALRLEIL] SEQUBING § bd artlb dedtedact ed by
means of anof her aqueous phase, followed, if wanted, by at |east one

addi t i onal aminbraeidtsequandg\shovaninginR caby aujequence beinghaipelpgountoGIDNY al |y
conpl ete separati.on of _enz | Vit ' : I he
pr g{) ein wagﬁg‘?ﬂ‘.ng the sgmeg gum ggaéigigé éé{:(l:csoa% guﬁﬂgbﬁﬁd g qu? %’Eﬁ)ﬁg%i}gﬁﬂ glg%gi?a?}zed in

that the oghey, es,fa@amaﬂ&etmhasmfm anficerid refiduePEG or has a |ower PEG
concentration. 12. Process according to claim 10 or 11, characterized in
t hat

6. A protein according to claim 1, 3, or 4 characterized by being in part encoded by SEQID
NO 9 as partial DNA sequence shown in Fig. 2 or by any other DNA sequence having the
same number of nucleotides and being identical to SEQ ID NO 9 in more than 70 % and
especially 75 % of the nucleotides, wherein said other DNA sequence can optionally be
hybridized with SEQ ID NO 9 at 2 temperature of at least 25 °C and at a NaCl concentration
of 1M.

7. Process for the recovery of a protein according to any of the preceding claims,
characterized in that

(i) cells belonging to Trypanosomatidae are homogenized,

(ii) the resulting homogenate is extracted by means of an aqueous multiphase system,

(iii) the phase containing the protein wanted is separated and

(iv), if wanted, the protein is isolated from said phase.

8. Process according to claim 7, characterized in that the extraction is carried out by means
of a 2-phase system and/or that

(a) one of the aqueous phases contains an organic polymer or a mixture of organic polymers,
especially polyethyleneglycol (PEG) having a molecular weight of more than 1500 Da and
especially more than 6000 Da; and

(b) the other phase is an aqueous solution of a salt or a mixture of salts.

9. Process according to claim 8, characterized in that phase (2) contains PEG having a
molecular weight of about 6000 Da, and/or that phase (b) is a phosphate solution preferably
of a pH of about 7.

THIS SHEET HAS BEEN
REPLACED

This Sheet Has Been Replaced

AR




the extraction is carri yng of the pH preferably down to pH 6
or less and/or that anl@ ‘gg!‘t “ lyﬂmm ution according to claim8 or 9 is
used as the other aque 4 1s. Process according to clains 7 to 12

characterized in that cells belonging to Trypanosoma ' ni a,
Her pet onon®€ %828858 oronas, Bl astocrithidia, Crithidia, esaggkgkﬁ@ i thidia
fascicul ata, and/or Phytononas are usé , preferably a-pathogenic cells. 14.
Use of an aqueous phase containing a protein or of an isolated protein

accordi ng ,}o :al 4 : kel ' :
det ecti on 1%:))’f p%g%%%é%og%ﬁ%gisﬁg&i‘?ﬁ%égﬁiigﬁ%g{hggage?zgﬁ gﬂa %&?%ég&}? n%\l?%flgﬁﬁs) . 15.

Use accor diohgioh of tegiroteihdyantetcthe proteithepnthisted dn paihpliase saarptedih Ber (iByisneans of
an ATP cl eavage ,as_an indi cator of the tivi. f ' ing to
any of ol aneen o es b GE Riethabah Rt ety By MBS0 Q88T
16. GspS inBidioh BY eidiof bn SBos ghae e ttesibdpntiapedmphic epaisonat eeytieng t o
claim14 or 15 and, if wanted, isolated by _a classical isolation nethod.

17. Phar meeévitiescifavige &dds ether brndhsaioieia ™agedn GspS i nhi bitor according to
claim 16 and a usual carrier and/or adjuvant.

11. Process according to claim 10, characterized in that the other aqueous phase is free of

PEG or has a lower PEG concentration.

12. Process according to claim 10 or 11, characterized in that the extraction is carried out by
lowering of the pH preferably down to pH 6 or less and/or that an aqueous buffer solution

according to claim 8 or 9 is used as the other aqueous phase.

13. Process according to claims 7 to 12 characterized in that cells belonging to
Trypanosoma, Leishmania, Herpetomonas, Leptomonas, Blastocrithidia, Crithidia,

especially Crithidia fasciculata, and/or Phytomonas are used, preferably a-pathogenic cells.

14. Use of an aqueous phase containing & protein or an isolated protein according to any of
claims 7 to 13 as a protein preparation for the detection of compounds having trypanccidal

activity (GspS inhibitors).

15. Use according to claim 14, wherein the detection is carried out by means of an ATP
cleavage as an indicator of the activity of a protein according to any of claims 1 to 6

catalyzing the synthesis of glutathionylspermidine.

16. GspS inhibitors which can be detected by means of a use according to claim 14 or 15 and,

if wanted, isolated by a classical isolation method.

17. Pharmaceutical preparation comprising an GspS inhibitor according to claim 16 and a

usual carrier and/or adjuvant.
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