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SUMMARY

Of the satellite fractions of Escherickia coli B dihydrofolate synthetasss, a non-
enzymic protein that is specifically able to bind p-aminobenzoate and sulphonamides
has been purified 6000-fold by p-aminobenzoylceliulose affinity chromatography. The
protein was named p-aminobenzoate “pick-up™ protein according to its function,
i.e., to bring p-aminobenzoate into reaction with L-glutamate and pteridine during
dihydrofolate biosynthesis. About 4 mg of pure protein (0.5329 recovery. calcuiated
from the total p-aminobenzoate binding capacity of the unfractionated supernatant
separated from the crude bacterium plasma} can be obtained from 500 g of harvested
cells. The product is homogeneous in poiyacrylamide gel electrophoresis both in the
absence and presence of sodium dodecy! sulghate, and has a molecular weight of
{3,000 dzltons —- 59 as measured by sodium dodecyl sulphate gel electrophoresis
and Sephadex G-75 gel column chromatography. p-Aminobenzoate and sulphona-
mide ligand binding studies showed a single binding site per p-aminobenzoate pick-
up protein molecule. Ky values for p-aminobenzoate and some sulphonamides as well
as for L-giutamate, L-3-glutamyl oligopeptides. some pteridines and folate antagonists
are also presented in order to illustrate the specificity of the receptor protein.

INTRCDUCTION

Enzymes of the tetrahydrofolate (THFA) assembling sy-em of E. coli have

“an found®~* to ke able to associate in vitro and form partial heterologous protein
sociates with each other or with some polypeptides that have not so far been identi-
1 but seem to be impurities of these enzyme preparations. From partially purified
iroxymethylpteridine pyrophosphokinase (HDPK). dihydroptesoate synthetase
HPAS)? and dihydrofolate synthetase (DHFAS)* enzyme preparations. several
‘ellite protein fractians were separated®. including a p-aminobenzoare (pABA) and:

. phonamide (SA) binding fraction of non-enzyme character. w hicE} has l‘_}eea- termed
»-aminobenzoate pick-up protein (pABApup). Enzyme kinetic investigations re-
led that pABApup is a subunit-like component of the DHPAS 3r_1d the DHFAS®",
s also able to associate with the E. coli pABA:ATP adenylarte kinase (PABAATP
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AKp and the p-aminobanzoyiglutamate synthetase (pDABGAS)S. forming together a
ternary proiein complex system. fu virro biosynthesis of p-aminabenzoyiglutamate
{(pABGA) is accomplished by the complex.

As new possibilities emergaed for the participation of pABA in the biosyn-
thesis of THFEA via dihydrofolate (DHFA), based on the association capabilities of
the enzymaes involved in the procass™®~!2, research to produce the componeats of the
individual enzymes in 2n essentizlly pure and native form has become more important.

We have bean interested in the mechanism of the actioa of SAs and Trimeto-

c,
rim {TMP} for several years as we hoped to be able to understand their potentiated

mergy by learning more abourt the enzymes themselves upon which the SAsand TMP
act, and similarly about the multienzyme complex {(MEC) nature of the THFA
assembiing bacterial systems, and finally about the true nature of the SA and TMP
resistance, which might involve senetic alterations, especially in the primary structure
f the pABApup component in the THFA-MEC of THFA biosynthesizing bacteria.
A method for the preparation of E. coli B pABApup in homogeneous form

for pharmacobiochemical studies is described in this paper.

'U

MATERIALS AND METHODS

Cellulose powder for chromatographic purposes was obtzined from Whatman
(Maidstone, Great Britain). All chemicals used for p-aminobznzoylcelliulose (pAB-
celiuicse} preparation were purchasad from Merck (Darmstadt, G.F.R.} and
imported by Reanal (Budapesi, Hungery}). Chemicals used during the prepara-
tion of the enzymes. enzyme activity determinations and inhibition studies with SAs
and TMP were supplied by Merck Boehringer (Mannheim. G.F.R.) and The Radio-
chemical Centre (Amersham. Great Britain). DHFA, dihydropteroaie (DHPA} and
dihydropteridine {Pter) wara fresnly prepared sccording to Zakrzewski and Sansone's.
Pieridine pyrophosphate (PierPP) was prepared as described by Shiota er af.*.
Phosphorus was determined according to Hesse and Geller!3. Total protein was mea-
sured with the biuret method!®-!” and the purified enzyme-protein was measured
spectrophotometricaliy!®. A method for pABA and SA determination has been pub-
lished eisewhere'®. Assays for pABA binding by equilibrium dxa!vs:s studies were
made according to Breslow and Walter®® as modified by ourselves!®. E. coli 3 was
fermented in a synthetic medium as described by Kornberg er a[.”. HDPK and
DHPAS were prepared according to Richay and Brown® and by our methodS-!? and
DhRFAS [ and I were made either according to Brown* or by our own method®f2.
Purification of the enzymes of pABGA synthesis was carried out according ro our
enzyme preparation method® 2, HDPK and DHPAS?, DHFAS®, pABGASS® and dihy-
drofolate reductase (DHFR)* enzymes were assayed in different column chromato-
graphy fractions as shown in Fig. I. Polyacrylamide gel electrophoresis and gel chro-
matography with Sephadex G-75 superfine was performed in a routine manner.

The preparatioa of pAB-cellulose was carried out as follows. Dry cellulose
powder (10G g} was suspended in I I of dry pyridine in the cold in a three-necked re-
action flask fitted with reflux and mechanical stirring facilities. Four moles of p-
nitrobenzoyl chicride (pNBC) per mole of glucose were slowly intraduced into the sus-
nension with vigorous stirring and cooling. The reaction mixture was then allowed to
warm to room temperature under control and was further stirred for 10 h. The reac-
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tion was completed in an ultrathermostat in two stages: (a) 10 h stirring at 40° and
{b) 10 h stirring at 60°. After completion of the reaction. the mixture was allcwed to
cool to room temperature fmd was then poured into 51 of chilled 109, (w/v) sodium
dydrogen carbonate solution. The gum was dissolved in 3! of chloroform. The
aqueous layer was extracted thres times with I-l portions of chioroform. The combined
shloroform extracts were washed with dilute sulphuric acid (5 Yay WiV), 105 sodium
tydrogen carbonate solution and distilled water. and finally dried over calcium
sulphate. The organic fraction was evaporated in vacuo. giving a yield of about 150 g
of pNB-cellulose. The crude product was then re-suspended in portions of 15 g in
500 mi of ethy! acetate and 5 mli of glacial acetic acid were added to it. Catalytic
hydrogenation was then performed following the addition of 1.5g of 2 109, palla-
dium~carbon catalyst and equilibration at room temperature. After compietion of
hydrogenaticn in about 5 h, the solvent was evaporated in vacuo. The residue was re-
suspended in distilled water and sedimented to separate the light catalyst, which
fioated. Four or five repetitions of the procedure proved to be sarisfactory. Elimin-
ation of some coloured material with 0.05 Af sodium hydroxide solution and 0.05 Af
hydrochloric acid was desirable. Further purification is achieved during equilibration
of the material with buffers of different pHs and salt concentrations. giving a vield
of 130 g of pAB-cellulose.

The procedure for the purification of pABApup includes the preparation of a
crude extract of E. celif B and treatment with R Nase according o Brown®?. involving
treatment with dry Sephadex G-5 gel of the diluted supernatant of 20-25 mg/mi of
protein (3 g per 100 m! of extract) followed by low-speed centrifugation for the re-
moval of the gel. This step cannot be omitted without the risk of losing pABApup
because Sephadex G-5 removes substances that can interfere in the binding of pARA-
pup to the affinity material (excess of salts, small organic molecules. ete.). The de-
tailed purification procedure is as follows. Operaticns were performed at 5-10°.
pAB-cellulose (30 g} was equilibrated with 0.05 Vf potassium phosphate {pH 7.4}
containing 0.05 A EDTA. The slurry was sedimented by centrifugation. transferred
into the pre-treated extract and the suspension was stirred gzntly for 3-35 h. The solids
were allowed to settle and transferred inte a cofuma with some of the supernatant.
The column was then washed with the above buifer uatil the absorbance at 280 nm
was about 0.3 (A% ). The flow-rate was | ml/min. The column was further wash-ed
with 0.05 M potassium phosphate (pH 6.8) comtaining 0.1 M potassium chloride
and 0.05 3¢ EDTA until the absorbance became less than 0.05. Then a 0.3-0.5 M
potassium chioride gradient in a 0.83 A/ potassium phesphate bufifer (pH 8) vf'as
applied to remove pABApup. This technique was more convenient than applying
1.5 mAf pABA for removal of pABA.pup from the column in the pH 8 buffer. pAB_A-
Jup was concentrated to & few millilitres by dialysis against solid SUCrOse or by passing
t through a 20 x 2 cm Sephadex G-15 colum equilibrated with 0.05 M_ potassium
phosphate buffer (pH 7.5) when pABA was used as eluting agent. The affinity material
was regenerated by washing overmight with 0.05 M/ potassium phf)-sphate buﬁ'er
.pH 8.5) containing I A potassium chloride. Finally. equilibration with the starting
buffer. containing 0.02 % of sodium azide, made it ready for use. The rasults of the

purification steps are outlined in Table L. _ ' o
The affinity material has been re-used several times with no significant char.ge

in its performance.
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TABLEL
PURIFICATION OF pABApup BRY AFFINITY CHROMATOGRAPHY
Purification step Volume Total ni:f of pABA (bound)
(mi) protein per g of pratein”
fmz)

Crude =<tract 1,060 13,9706 2.03
Sephadex G-3-treated

extract {diluted) 1.800 19,760 .82
Affinity chromatography 35 3.2 66

* The great difference in the binding of pABA before and afier affinity chromatography is mainly
atiributed to the non-specific binding of the lizand io bacterizl proteins ather than pABApup. A
certain amount of apo-pABApup mey be lost during the first two purification steps, and further loss
of the pABApup-pABA complex during the efution step with pABA is also considered.

RESULTS AND DISCUSSION

pAB-cellulose affinity chromatography was first used to purify DHFAS [ and
II° preparad according to Brown® (Fig.!). and also for the subunit analysis of the
pABGAS system®. Recently it was used for the comparative subunit analysis of
DHPAS and DHFAS enzymes™**. Ideatification of pABApup from a!l of these en-
zyme preparations has thrown light on its central role in THFA biosynthesis, namely
that this is the protein that is responsible for binding and channelling pABA into the
correct position for the above purpose, or doing the same with the SA molecule,
leading to the l.thal synthesis of a false DHFA compound, as was shown by Bock
e: al.?s.
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Fig. 1. Re-chromatagraphy of DHFAS ¥ in 4 M guanidine hydrochiloride -~ 0.05 8f EDTA on (A)
¢ DEAE-celivlose celumn and (B) on a2 pABA-cellulose column. DEFAS I was prepared according
to Brown®. ~, Proiein eluted from the columns with the respective gradient buffer systems as stated
in the dizgrams; 4. pABApup as m2zsured by the pABA binding capacity of the samples in micro
equilibrium dialvzer; @, pABGAS activity values; °, DHFR activizy valuas; A, DHFAS activity
valuzs. Enzyme acuivity datz vere expressed in g folate equivalents. DEAE-<ellulose re<chromato-
graphy of DHFAS I was performed as follows: zbour 5 mg of total protein was applied on the column
(28 X icm); elution rate, 0.3 ml/min; fraction vol., 2 mi. pABA-callulose chromatography was
carried out with 8 mg of tetal protein appiied ona 30 % 1.5em cofumn: elution rate, 6.3 mi/min;
fraction vei., 2 ml. ANl experiments were conducted in 2 cold room at §-10°, ‘
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Fig, 2, Anzlytical ge!l electrophoresis of pABApup purified by affinity chromatography. Gel 1: 25 pg
of protein was elecirophoresed according to Davis® with the exception that both separating and
stacking gels contained ribofiavin and were photopolymerntzed. Electirophoresis was carried out at
3.2 mA per gel and was performed in the cold. Gel 2: 23 pg of protein was run 1n the same manner,
zxcept that the sample was pre-treated with SDS and electrophoresad as described by Weber and Os-
gorn 27,

The purity of the preparation was examined by electrophoresis of the native
protein on the polyacrylamide system of Davis™ and in the presence of sodium dode-
:yl sulphate {SDS) by the method of Weber and Osborn®”. As shown in Fig. 2, only
1 single band is ohserved. The electrophoreiic mobility of the SDS-treated protein
.1t the presence of the marker proteins boviae serum albumin. ovalbumin and car-
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Fig. 3. Stoichomaetry of binding of pABA and SAs to pABApup. () [pABA,], pABA bound 10 pro-
tein (uAf); [DABA,], free sABA (A} [DABApup], total concentraticn of pABApup (u3f). Equili-
brium microdialysis was performed in 0.05 A potassium phosphate buffer (pH 7.5} at 20°. pABApup
concentration varied betwesn 0.01 2 Af (0.15 mg 'ml} and 0.1 g M (1.5 mg/ml). Total pABA concen-
trzran. 0.3 zmole/mi. Dialyzer: total volume, 1.5 mi; inner volume, 0.3 ml. (b} Dependence of ligand
binding on its concentration at constant pABApup concentrztion (0.2 umole/ml}. (c} Dependence
of ligand binding on pH at constant pABApup concencratios (0.2 pzmole/ml). SAs: Sulfamethoxa-
zole (SMX}, Sulfaghenylpyrazols (SFP), Superseptyl (SUP), Quinoseptyl (Q), Sulfamethoxypyri-
Cazia (SHMP), Ulmaseptyt (U) and Sulfanyiamide (S).

boxypeptidase-A gives 2 mofecuiar weight of 15,000 daltons £ 5%/. The molecular
weight of pABApup was also tested by Sephadex G-73 superfine gel chromato-
graphy. Calibration of the column was carried out according to Andrews®. The re-

sults of the ligand binding studies with pABA and several SAs are shown in Fig. 3.

TABLE I
APPARENT DISSOCIATION CONSTANTS (Kp) OF pABApup FOR DIFFERENT SUBSTRA-
TES AND INHIBITORS OF DHFS

Marerial Kp (u3f}
L-CGlutamate 600
L--Glutamyl-L-giutamare 580
L~-y-Glutamyi-t --gfutamyl-t-glutzmate 580
S 1 128
U i 9
ShiP 80
Q sulphonzamide group” 60
sup 42
SEFP 3z
SMX 13
pABA 9
7.8-Dihydropteridine 480
7.8-Dihsydro-6-(pyrophosphoryvihvdrocymethyl)pteridine  £10
7.8-Dihydropteroic acid 3635
7.8-Dihydrofolic acid 360
5,6,7,3-Tetrahydrofolic acid 325
ATP 650
ADP 610
inorganic pyrophosphate 8260
TMP £
Aminopterin 470
Methotrexate 400

* Abbreviations for the sulphonamide groups as in Fig. 3.
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The stoivhiometry of these experiments showead that there is one binding site for pABA
or SAs per molecule. SAs are also strong eluting agents of pABADJp from the af-
finity material, but they behave differently according to their a{ﬁnit;' for the protein.
Differences among SAs in their affinity for pABApup also express their differences in
inhibiting DHFA synthesis in in vitro E. coli B systemsS (Table [I}). K, were measured
by monitoring changes in absorption as a function of conzentration of lieands at dif-
ference spectral maxima®: -

R Amax
AgA44mar — f fAictaz K-D . J,{“_
max [L}I

where {A44223% and 44272 gre the actual maximal 2nd measured changes in absorp-
tion at A..... respectively, and {L]s is the equilibrium concentration of the particular
free ligand (L). As the molar excess of the Ls is relatively high. the amouats of Ls
bound to bABApup was regarded as negligible in relation to its total amount. The
experimental points fall on straight lines. which means that binding of each L to pABA-
pup can be characterized by a single dissociation constant. Reaction mixtures for ligand
binding studies have been published elsewhere®'. pABApup was clectrophoretical-
Iy homogencous. The temperature was [5° (thermostatted) and the buffer system

was as used in enzyme activity assays®*S.
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