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the following;w

DAEP S=deoxy-Dm-arabinoheptulosonic

acid~"7=phosphate,
DHQ 3-dehydroquinate
DTNB 595/ dithiobis (2-nitrobenzoic acic;

Tris Tris (hydroxymethyl) aminomethane.
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SUMMARY,
Practical conditions were developed for growing

Neurospora crasss on a scale frowm which substantial

awounts of arom mulitienzyme complex could be extracted.

100 wl sced culiures were inoculated with 1 % 108 spéres
and gyrown for 20 to 24 hours at 3000. Large scale cultures
(three: litres) were inoculated with two 100 ml seed
cultures and grown at BOOC for between 16 and 24 hours.
Arom multienzyme complex was extracied from large scale
cultures,

Attempts to purify the arom multienzyme complex
following published methods were unsuccessiul, The amount
of protein and shikimate dehydrogenase activity in crude
extracts was found to vary greatly during different
purifications. Furthermore large amounts of enzyme activiity

were lost during the initial purification step

&
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(&3
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f
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§fter ammonium sulphate precipitatfbno

It was realised that crude extracts of N.crasca contained
very active proteases and it wag necessary to uwi. extrs
precautions to protect the arom complex Ifirom proteolyg:sﬁ
A new, more rapid, purification was used in which éhe
addition of extra protease inhibitors was showa to give a
more reproducible purification in terms of - totel amount oI
shikimate dehydrogenase extracted. After celliviose
phosphate chromatography, it was shown that a substan:..
purification of arom was achieved: simple polyacrylam:...
gel electrophoresis showed & single band of protein.

Sodium dodecyl sulphate polyacrylamide gel el«.ircy.. .-



of puriiied 2rom gave a singlé band of protein and the
moleculsr weight was estimated as being 175,000, In some
preparations fainter bands of lower mol. wt. were also
observed.

P T
.

The effect of sulphydryl reagents, namely iodcacetate
lodoacetamide and p-mercuribenzoate upon the activity of
shikimate dehydrogenase was studied. Todoacetate and
iodacetamide did not initially significantly affect enzyne
activity. Howeﬁer on inhibition of the engyme with p-mercuriben-
zoate total inhibition of activity occurred after twenity
minutes. Shikimate was shown to protect against inhibition
of dehydrogenase by pemercuribenzoate, suggesiing thai ihe i
inbibitor may be reacting as a substrate analogue of

shikimate.
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CHAPTER 3

PURTIFICATTON OF THE ARCHM MULTTENZYME COMPLEX
‘ Y

FROM N, CRASSA,




2

3.de General outline.

A wodification of the method described by Jacobson et al (1972)
was uged in attempts to purify the arom wultiensyme complex Irom
wild type N.crassa strain 744, The purification was followed
at each stoge by assaying shikimate dehydrogenase activity,
according Lo the method of Gaeriner and DelMoss (1970). Protein
content was estimated by the method of Lowry et al (1951),
using bovine serum albumin as a standard.

326  Crowth ofrcells

Nocressa was grown in large scale culiure and harvested alwcl
24 hours as described in section 2.5.

3e3. Precaratldon and nuclease treatment of crude

extracts

In genceral, 20g of freeze-dried myceiia were poudered dry .
a Waring blender at 4009 The powder obtained vias <uspended L
slovly stirring in 300 wl of O-1M potassium phosphate buiier,
pi 7-5, containing O.4mM-dithiothreitel and O.luM-dhenylmetlio .
sulphonyl fluoride, at 400 for 30 min. The susvension was 1. .
centrifuged at 25,000 g for two hours at 4000 Secoxyribonuwclan o
was added to the supernatant solution to give a finsl concenis To. .
of 5pg/m1 and the ectracc kept at room temperaiture OT ONS Lluil
The resulting preci01tate was removed by centrifuzotion av L2 07
for 20 minuvtes at 4 Co The resulits of three separaits eXErLwdiio

are showa in Table 3.1l.

3edo Ammonivm sulphate precipitation.

Powdered (NH4)2804 was added to the extract to zive 2

un
RN

saturation (144 g/1). The solution was then stireed fou L0

........

at AOCe The resulting precipitate was removed by centy ... .o
at 12,000 g for 30 min 2t 4°C. Powdered (NE o850, vas
the supernatant to give 50% saturation (158 g/l). The sc.

. o] . <, .
was stirred for 10 min at 47°C, and the precipitate, which coinained

CaD
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W

the zrom s;g?eﬁame, was colle ccc& by centrifugation at 18,000 g
for 30 wmin 4t QOCq The precipitate was dissolved in 50mM Teis/HCL,
pH 75, 0-JuM « dithiothreitol, 0-lmv - phenylmethanesulphonyl
iluoride, and dialysed overnight against 1L. of the same buifex.
The results of two seporate experiments are shown in Table 3.2.

3.5.  Chrovihography on DEAE - cellulose,

After dlalysis, the extract was applied to a coluan {(13cm %
2-8em) of DEADL « cellulose, which had been pre-cquilibrated with
50k «»T?iS/HCl0 pH 7.5, O-dui-dithiothreitol O-lulephenylmcthang=
sulphonyl fluoride, The column was washed with the same wullcer,
containing 30$M~K019 until the Ayg, vas low (about 0:05). The
coiumn was then eluted with a linear gradient in the range J0xd

to 0 -7M=KCL, in {he same buffer, Fractions containing shikinmate
dehydrogenase activily were pooled. The elution p;ttern o a ‘
typical DIAE-cellulose gradient experiment is shown in Fige 3.le
The activities of the pooled fractions from thiee separate
experinents are shown in Table 3.3.

3.6 The laclk of reprodusibilitv in these attempis at

oo Mt Sl

s

The amount of protein and shikimate dehydrogenase acltiviiy
obtained in crude extracis varles greatly during dirfferou
purifications (Table 3.1). After ammonium sulphate treatusst
large amounis of shikimate dehydrogenase activily were oi..

(Table 3.2). In some preparations, the resulis of which zre nob
showmn, all shilkdimate dehyrogenase actiﬁity was lost at this Jsiep.

The resulis obtained on DEAE - cellulose were wore sat.di.itory
(Table 3.3). & reproducible elution patiern was obisined au
shikimate dehydrogennse eluted ahegd of the wain protein seaks
it was possible to effect a substantial separation from the ©

of the protein in the sample (Fig 3.1). However when the enzyme
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. Pable 3.l
Al

Aoovnt of proteln and shikizate dehvdregensse activity

found in crude extracts of H,0rassi.

T

Total Total Specific
Ixperiment exiractable extractable activity
protein (mg)  shikimate (E.U, per

dehydrogenase mg protein)

1 882 142.6 0,162
2 3975 o3 0,001

3 2605 C29.1 0.011

Crude extracis were prepared frow 20g cry welght
of vowdered wmycelia, as described in séction 3036
Protein estimations were made accordi?g to the method
of Lowry et al (195L) and shikimate dehydrogeﬁase
activity assayed by the method of Gaertner and DeMoss

~ (1970). One enzyme unit (E.U.) was defined as the

amount of enzyme that catalyses the formation of
1 4 mol of NADPH/min at 37°C.

e e

.-

by




Table 3.2,

Anount of protein and shilkkimate dehvdrosensse

activity in ammonium sulphate precioitates of

of crude extraciSe

Anmonium sulphate treatment of crude extracis
was perforued as described in sectionﬂ3°4o
Shikimate dehydrogenase and protein estimatiouns
were made upon the redissolved precipitate

~ produced from 50% saturation.



Total Total Speeific Perecatage of [Percentage of

R - Shikimate activity initia initia

Txperinent | Protein R AsuLvLy pitial toitial
dehydrogenase (E.U, per extractable extractable
(mg) (5.0.) mg protein) | protein dehydrogenase
T remaining remaining
1 272.,0 2.4 0,009 20,84 1.70
3 740,2 19.4 0,030 28,45 66,60
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aetivity found in enzyvme vprepavations after chromatography

on DEAY .. cellulocse.

ctract was applied to a column (13 x 2.8cm) of
DELE -~ cellulose previously equilibrated with 50m¥«Tris/
BCL,pH 7.5, O dmM=dithiothreitol, O.lmM-phenylmethanesule
phonyl fluoride. The column was washed with the same bulfer,
containing 30mM=-KCl, wntil the Azaowas low and then eluted
with a linear gradient, 30m{ - 500mMi§01 in the same buffcr.
Shikimate dehydrogenase and protein estimations, of the

pool of fractions contalming activity, were made,
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Fig 3.1
L2ALE Jale .

Chromatography of arom wmultienzyme aggregate on

LUAE « cellulose using the initial purification

schena,

Enzyme was applied to a DEAE - cellulose coluan
(i} % 2.8cm) previously equilibrated wit 50ul-Tris/
HCL,pH 7.5, O.lub-dithiothreitol, O.lmﬁmphen§1methanea
suipbonyl Ziuvoride and the column then washed with
the sare buffer containing 30mM-KCl, until the
A4SO was low. The column was then eluted with a

iinear sall gradient 30mM to 500uM=KCl, in the same

buffer.

conductivity (wmho)

X " specific activity (units/mg protein)

O gy ()
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Tabhie 3.4,
ARSI

ific activities of shilddmate dehydrogenase

Attempis were made to purifly arcu aggregate on tw

in sectiong 3.3; 3.4 and 3.5. Shikimate dehydéogenase
activity was used to monitor the purificatioﬁ and was
estimated according to the method of Gaeriner and

DeXoss {1970). Protein was deéermined by the method

of Lowry et-al (1951). Specific activity was calenlated
and expressed as enzyme units per mg protein. An enzyme

unit was defined as the amount of enzyme that catalyses

the formation of 1 m mol of NADPH/min at 37°¢,
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Specific Activity

{experiment 1)

Sveclfic activiiy

(expexinent 3,

Crude extract
(Nﬂé)ZSO4
precipitate

DEAE=cellulose

O 0162

0.009

Pooled fractions 0,023

0.0LL

0.030

S

o

Loy
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activity and p.ootelin concentration were determined, there was

iittle irprovement in specific activity (Teble 3.4). This must

be duo Lo the irsctivation of the enzyme during the eariier
Poriioaer Studies in thiz labowatory, by Luansden and Coggins,

have also shown that the purification was wnrenroiucible It

wag reaiised that extra precautions had to be taken to protect
the aronm multienzyme complex from the effects of proteaces
some of which were already known 10 become activated dviis the.
purification (Pringle, 1975). Lumsden and Coggins duveloped o

new more rapld purification. In it the concentration of

henylmethaneswlphonyl fluoride was incy

eased twelve~lold and
becausge of its instabilitly was added to buifers immedistcely belows

use {Gold, 1967), Another protease inhibitor, berzamidine ((irzie
Cuvia and Shaw, 1965) was a2lso added in the ammoniva sulorate sied

3,

of th

@

purification, since it had been realised that phenyliotioico-
swWlphonyl fiuoride iscalted out of solution at high concentr. ..on.

of (NHQ)Z SOA°

3.7 Tha roviged purification off the crom muliierzyae

comolex of N.crassa,

(1) Preparation of crude erivact

20 g of freeze-dried N,crassa were poudered in & Warin

\

: ; . ; ¢t o - o e
blender and added siowly with stirring at 4°C to 500 wl of 0l

Trig/HCL, »H 7.5, containing O-dnM-dithiothreitol, 1-2miw
ohenyimethanesulphonyl fluoride, 5 -0uM-EDTA. Stireing was
continued Jor one hour and then the extract was centoifuzed at
12,000 gz for 30 min. at 4°C. ‘The conductivity of the suzcrnatont
was adjusted to 4¢Qmmho with a few ml. of 1M-KCi.

(i) Pas

s

e throush DFAF.cellulose,

“he crude extract was then applied to a column of DELI.cclluliose

Il

O Ao | . 3 = . s , e e -
(2 8cin m L4 Ceunl, previously ejuilibrated with S0mlf-Tris/HCL, pH7 35




P ENMRCT ; Dedukl chihiounreliol, 1t 2miephenyliethanssulphonyl
Srartioy o o flow yete of 200 wl/h collectinz 123 ml fractions.

A1 fractions containing sildmate dehydrogonaso activity were

("4 2
oot oo
“glad.;.‘vv.a
foaz [ I A T S A .
{i3i) Doormonuelcs e trastuent.
el :

Deosyribonuclease to give 2 final concentration of iﬁg/ml
vas added to the pooled fractions and the mixtuwre incubatced fox

C in a water bath and then centrifuged at 15,000 g for

(iv) Amronivm sulphate fraciionatlon.

Benzamidine was added to the supernatznt to give a final
concentration of 1wl and powdered (NP }?SO u&d to give 0%

aturatlion. The solutlion was stirved for 15 wins and the wreclnie
tate removed by centrifugation at 15,000g forr 20mins. llore

(NHé)ZSO was added to the supernatant to give 5C% saturation.

I

After stivrring for 15 min, the precipitate was collected by
centrifugation at 15,000g for 20 min.Y The precipitete wos

-o

dissolved in 50mM-Tris/HCL, pH 7-5, conmtaining O-4uMedithic Jiwiive.,
1.2 md-phenylmethanesulphonyl fluoride and dialysed overrlznv
against 500 wl of the same buffer,

{v) Chromztopraphy on DEAE-céllulose, -

The dialysed extract was applied to a column (L3cm x 0<Scu)

of DEAB-cellulose, previcusly equilibrated with 5Cub-Tris/hCL,
pH 75, O-duedithiothreitol, 12 wM-phenylmetharesulphonyl

£iuoride. The column was washed with {his builer containing
30 WXCL wntil {he Azao of the eluate was less than 005, The
enzyme was eluated with & linear gradient (130 wl) ol 3Cu to
30014-KCL in the same buffer. The flow rate was 13 wl/h anw

ihe eluate was collected in 6 win fractions. Those Sraciiose

contalining shikimate dehydrogenase activity were pooled. The
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typical type of elution curve obtained is shown in Fige 3.2.

(vi) Qel;qlos e phosphate chromatography. Cole ap4ljaaﬁrtku’(K17é;)
The extract was dialysed for 1 « 2h against 10mM = potassium

_phosphate, pH 6 -5, 0-4mM = dithiothreitol, l-2mM~phenylmethane-

sulphonyl fluoride and then applied to a column {42cm x 0-9 cm)
of celluloae phosphate. pre-equilibrated with 1OmM~potassium
phosphgte! pH 6'5, and washed freshly with the same buffer, cone
taining OfgmM-dithiothreitol. 1-2 mM- phenylmethanesulphonyl
fluoriﬁe.':The column was washed with this buffep until the
A280 of tﬂe eluata was zero; then the enzymes was eluted with
0 2M-potasaium phosphate. pH 6-5, O 4mM—pheny1mathanesulphonyl
fluori@e. 1-5 ml fractions were gollected and the flow rate
of the column was 7-5 ml[h. Fractions containing the highest
specific égtivity were pooled and dialysed against 50mM-sodium
phosphate, pH 7-5, 0.4mM-dithiothreitol, 1:OmM-bepzamidine.
The enzymé was stored at ~20°C in 50% glycerals 4 typical
elution pq;tern obtained is sBhown in ¥ig, 3.3,
(vii) . Déﬁerminatiog of shikimate dehydrogenase activity.
AAssgysH?ere performed in the reverse direction of the noru:l
synthetic reaction, following the peduction of NADP* at 37°C.
The reaction mixture contained O-1M ~ sodium carbonate buffer,
pH 10-6, 4mM - shikimate and 2ule NADF" in a final assay voluae
of 1-0 ml, The reduction of NADF' was followed at 34Onm in a

Unicam SP §000’spectrophotometer with a chart pecorder attachment.

The éeact@pn was started by addition of an aliquot of enzyme.
(viii) Polyacrylamide Gel Electrophoresis.
Disp e}ectropporesis was perfoyrmed according to a modified

method of Davis (1964) by Hayes and Wellper (1969). Electro-

phoresis was carried out at 2mA per gel aftep an initial pre-run
of 1 hy¢ An aliquot of sample (50 pl) containing 10 pl of
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Fig 3.2,

DFAE « cellulose chromatography of arom multlenzyme

aggregaté using the revised purification proceedure.
' Diglysed enzyme obtained aftepr ammonium sulphate

precipitation was applied to a DEAE - cellulose
column and eluted with a linear salt gradlent as
described in section 3.7.(v). Shikimate

dehydrogenase assays were perfiormed as descyibed
in section 3.7. (vii).

0 A2go(nm)
——4:)——— conducti#ity (mmho)
—X— hetivity (units/ml)

i
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Fig 3.3.

Cellulose phosphate chromatography of arom

multienzyme aggregate.

Enzyme obtained after DEAE - cellulose
chromatography was dialys?q against 1OmM-KP04,
pH 6.5, O.4mM=dithiothreitol, l.2mMew
phenylmethanesulphonyl fluoride and thepn
applied to a column of cellulose phosphate
pre-eqnilibrated with thé game buffer. The

: L]

column was eluted as described in section 3.7

(vi), the Aygo and shikimate dehydrogenase

T cactivity of the eluate were determined.
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. 0-05% (w/v) Bromophenol Blue and 10 pl of glycerol was layered

on the top of each gel before electrophoresis, Gels were
stained for protein and shikimate dehydrogenase activily
according to the method of Lumsden and Coggins (1977). Rf values
were calculated relative to the marker band., Gels were scanned
at 600nm in a Gilford spectrophotometer fitted with a model 252
gel scanner.,

Polyacrylamiaﬁfgél electrophoresis in the presence of sodium
dodecyl sulphate was performed according to Shapiro and Maizel
(1969). Gels were usually 5% in acrylamide,

3.8. The success of the revised purification proceedure.

The results of a typical purification following the methods
outlined in section 3.7. are shown in Table‘3.5, Simple *
polyacrylamide gel electrophoresis photographs, of various st:iges
of the purification, where gels have been stained both for
protein'and shikimate dehyrogenase activity are shown in Fig.
3.4. A gel stained for activity and‘élao a scan of a gel stanx:
for protein of a sample obtained after cellulose phosphaie
chromatography are shown in Fig. 3,5

In tﬁe revised purification scheme the total amount of sir...uc.:
dehydrogenase, obtained ?rom different prepayations,. is nst ...
extradtéd in reproducibl; quantities but 1s also increased ov..
that obtained in most of the earlier purification attempts. This
must be due to the increased amount of phenylmethanesulprcnyi
fluoride which was added to the extraction buffeyr, and uirciz.:

el

indicates that highly active proteases are present in crude
extracts of mycella.

Although purification of the enzyme does not 5eem 1o o
effected during the three initial stages of the purification,
these steps do appear to be necessary since the fiyst DZAE.cellulose
passage is thought to remove%a number of proteases, which were

present in crude extracts (Lﬁmsden and Coggins, 1977, Siepen
(f ~ 'é,,' Y kY A




Table 3,5.

The revised purification proceedure for the arcm

multienzyme aggregate. -
Results are presented for a typical purification

conducted as described in section 3.7. Protein
was estimated according to Lowry et al (1951),
Shikimate dehydrogenase activity estimated as

) " deseribed in section 3.7(vii). A unit of
enzyme activity is dafined as the am;unt of
enzyme which catalyses the production of

1 p mol of NADPH/min at 37°C.

-8/ x 3
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Volume | Activity Total Protein Total Specific Purification
Stage {ml) (Units/ml) Activity | concentration | Protein Activity (fold}
, (units) (mg/ml) (mg)

Crude extract | 260 0.51 133.5 | 4.8 1250 0.1 1.0

First Uwymsomwwﬁomm 232 0.36 83.7 3.7 875 0.10 0.91
Deoxyribonuclease 222 0.41 91.9 3.9 862.5 0.1 1.0
bBBQwHﬂS sulphate 6.5 - 10.8 70.3 21.1 137.5 0.51 4.6
Second um_bwaomﬁ.&.omm 15 2,77 41.6 0.86 13.0 3.20 29,1
cellulose phosphate 3 6.8 20.5 0,167 0.5 41,00 372.7

¢

- d’ .
-t



Fi * L

Disc polyacrylamide gel electrophoresis of grom

multienzyme complex at various stages of purification.

Disc electrophoresis was performed according to
Hayes and Wellner (1969) and as described in section
3.7.(viii) Gels were stained for protein and
shikimate deh&drogenase activityvas accgrding to
Lumsden and Coggins, (1977).

(a) Gels stained for protein (b) %els stained for
activity.

l. Crude extract.

2. Deoxyribonuclease treatment.

3. First DEAE ~ cellulose chromatographye.
4. Ammonium sulphate tﬁeatment.

5« Second DEAE = cellulose chromatography.
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Disc polvacrylamide gel electrophoresis of

preparations of purified arom multienzyme complex,

Disec electroﬁﬁoresis of purified arom complex was
performed according to Hayes and Wellner and as
described in section 3.7 (viii)., Gels were
stained for protein and shikimate dehydrogenase
activity as according to Lumsden and Coggins, (1977).
Protein stained gels were scanned at %600mm in a
Gilford spectrophotometer fitted with a model 252

gel scanner. Activity stained gels were photographed.
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JJ
et al, 1975). The nuclease step is useful, as unless DNA is
hyd%olyséé..the (NH4)2 SO4 fraction was found to be very
visco@é.‘@aking it very difficult to use in the chromatography
steps. Fépm Table 3.5 it can be seen that‘there is an apparent
slight iﬂérease in £0t31 units of activity after nuclease
treatment .

The addition of benzamidine during ammonium sulphate
precipita£ion does seem to prevent loss of acgtivity dwring this
steps A five fold purification of activity is also obtained at
this stage. However it was not until the final two stages of the
purification, especially until after cellulose phosphate
éhromatography, that a substantial purification was achieved.
Lumsden and Coggins (1977) have obtained a slightly bigher
value for the final apeéific activity and yield of enzyme after
the cellulose phosphate stages.

An analysis of the simple polyacrylamide electrophoresis gels
at each stage of the purification, (gig. 3e4¢)¢ chowed that
substantial purification of protein was not noted until after
the gsecond DEAE » cellulose treatment. After cellulose phosphate
chromatography. there appeared to be only one band of protein
(Fige 3+54)e The presence of a faster moving activi&y band wiish
was lost after ammoniumvéulphate precipitation was observed in

gels stained for dehydrogenase activity (Fig. 3.4.). Lumsden

" and Coggins (1977) have also noted this faster moving band of

activity in the initial stages of the purification,
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CHAPTER

CHARACTERISATION OF THE AROM MULTIENZYME COMPLEX OF N.CRASSA
T D )




del. General Outline BRI

A‘preliminary physical and chemical characterisation of
the arom multienzyme aggregate, purified by the revised
purification procedures of Lumsden and Coggins, (1977) and
as described in section 3.7. was carried out, The mol. wt,
was determined by sodiuvm dodecyl sulphate polyacrylamide gel
electrophoresis. - -

4.2, Polyacrylamide gel electrophoresis in the presence

of sodium dodecyl sulphate,

Electrophoresis was conducted as described by Shapiro and
Maizel (1969)e In general gels were made 5% in acrylamide.
Proteln samples were prepared by making them 1% (W/V) in
sodium dodecyl sulphate and 1% (V/V) in 2-m$rcaptoethanclv
then boiling them in a water bath for 5 min. This ansursx
that samples were fully denatured and sulphydryl groups
compietely reduced. Usually 50ul sample, a few pl of 0.05%
(W/V) Bromophenol Blue and 20pl glycerol were applied to each
gel. The dye front was marked after electrophoresis. Cross-
linked aldolase, obtained from J.R. Coggins, was used as a
molecular weight standard., Gels were stained for protein
as described by Lumsden gnd Coggins (1977) and scanned at
600nm in a Gilford spectrophotometer fitted with a model 252
gel scanner, RI values were calculated relative to the dye
marker, |

4.3. Estimation of the molecular weight of purified

arom complex.

In early preparations of purified arom, sodium dodecyl
sulphate polyacrylamide gel. electrophoresis showed three bards
after staining for protein: a major band with an Rf of 0¢24 and

two minor faster moving bands with Rf values of 0°54 and 0-63



respectively. A scan of such a gel is shown in Fig 4.1. Rf
values were also calculated for cross-linked aldolase and a
semi-logarithmic plot of mol.wt. against RE drawn (Fig 4.2),

from which mol. wts. were estimated for the arom bands. The

mol. wt. of the ma jor band was estimated as 175,000, the minor

bands as being 82,000 and 65,000 respectively,. Subsequent
preparations of the arom complex gave eilther a single band of
high mol. wte or a predominant band of high mol, wt. with some
faint bands of lower mol., wts. (Fig 4e3).

Lumsden and Coggins, using freshly purifisd arom complex
have also obtained a single protein band on sodium dodecyl
sulphate electrophoresis. By using a wider'variety of markars,
they estimated the mol. wt. of the single band to be 165,000, |
In older preparations, which had been stored at 4¢C, they
obtained a number of faster moving bands which they thought
to be the result of proteolysis of n%tive arom complex. This
suggests that the minor faster moving bands of mol. wts,

82,000 and 65,000 are likely to be due to proteolysis of
native arom compiex.

Lumsden and Coggins have shown using sodiwm dodecyl sulphate
gel electrophoresis thaticross-linked arom complex contained &

single slower-moving specles with a mol, wt, of 330,000.

" Centrifugation on glycerol densiiy gradients of native arcy

complex showed a single species which had an estimated mol. wi.
of 282,000. These data and the subunit mol, wt. (see above)
indicated that the arom wmultienzyme complex is a dimer.

The question then arises whether the arom consists of twe
identical or two non-id@ntical subunits. Genetic evidence huc

already shown that two copies of some of the arom enzymes



Fig 4.1,
Sodivm dodecyl sulphéte polvacrylamide gel

electrophoresis of early preparations of

purified arom complex.

Disc electrophoresis was performed as described
by Shapiro and Maizel (1969). Gels were stained
for protein as deseribed by Lumsden and Coggins'-
(2.977) and then scamned at 600nm in a Gilford
spectrophotometer fitted with a model 252 gel
scanner. Three protein bands can be seen: a
large molecular weight species (Peak 1) and two
faster moving lower molecular weight components

(Peaks 2 and 3).
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,weiéhis of pwified arom ﬁsea Fige 4.1.)

Fig 4.2,

Determination of molecular weight of purified arom

aggregate by sodium dodecyl sulphate polvacrylamide

gel electrophoresis,.

Disc electrophoresis was performed according to
Hayes and Wellner (1969) and as described in section
3.7(viii). Gels were stained for protein as according
to Lumsdgn and Coggins, (1977). Cross-linked
aldolase was used as a molcular welght standard and
a‘élot of logarithm of wmolecular welght againat

Rf drawn. /?hisfwas/used to ealeculate the molecular

e

——




Yolecular Weight

10

0-2 0-4 0-5 0-8 -0

by
Protein RE . Yol wte
Band Determination
1 0.24 172,000
2 0.54 82,000
3 0,63 65,000
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Sodium dodecyl sulphate po lyacrylamide gel
electrophoresis of later preparations of

purified arom complex.
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must be present in the ayom complex (Giles ot al, 1967; Case
et al, 1969). It tharefore seems likély that the grom complex
consigts of two identical subunits. However further protein
‘chemistry is required before ascertailning that the subunits of
the arom complex are identical,

QOther examples of wultifunctional polypeptides are known;
many are enzymes which are involved in aromatic amino acild
blosynthesis. TFor example, anthranilate synthase of‘chrassa
contains a trifunctional polypeptide (Hulett and DeMoss, 1975):

DAHP synthetase = chorismate mutase of Bacillus subtilis

(Huang et al, 1974) and indole = 3 = glycerol-phosphate
syntbase from E,coli (Creightan and Yanofsky, 1966) both contuin
bifunctional polypeptides.

In this project, it bas begn assumed that all five arom
enzyme actlvitlies have co~purified with shikimate dehydrogenase
activity. Lumsden and Coggins, (1977), have established
quantitative assays for two of the other activities, namely
dehydroquinase and shikimate kinase. They have shown that these
activities do indeed co-pﬁrify with dehydrogenase activity in
a constant ratio during the final three stages of the purifie
cation, The purifiedcomplex has also been shown to CONtain w..v

other two activities.

delie Riheticlstudies.




varxing shilkimate }goncentration at three\Jifferent constant

.{«.
concenfrations of NAI wag studied.. A rechprocal plot of
reaction

4ede

cate versus shiXimate concentration iR shown in Tig

above. A reciprocal plot\of reaction rate\Wersus NADP+

concentration is shown in Fix. 4.5.

%
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CHAPTER 5

SEIKIMATE DEHYDROGENASE STUDIES.

%

4
:



Bele Chemical madification of shikimate dehydrogenase using

sulphydiryl reagents.

The effects of jlodoacetate, lodoacetamide and }3« MOL OV
ibenzoate upon the activity of shikimale dehydrogenase were
studied., Between pH 7 and pH 8 these reagents react with
sulphydryl groups of proteins as shown in Fig 5.1,

Purified enzywe, containing only & single band on sodium
dodecyl sulphate polyacrylamide gel elecirophoresis (Fig 4.3),
vas uged in these experiments. In general, ZOPg of prbtein in
0-1M Tris/HCl, pH 7-5, containing O+4uM DTT, was incubated with
10mM sulphydryl reagent in a final volume of O-5ml. The reaction
was started by addition of inhibitor at 22%. and stoppeﬂ by
aliquoting a small volume (1Qy1) inte a prepared assay cuveile.
Shikimate dehydrogenase assays were conducted as described in
section 3.7 (vii). Experimental results showing the effects of
iodoacetate, iodéacetamide and.?- mercuribenzoate upon activiity
are shown in Tables 5.19 5.2, and 5.3{Fespecﬁive1y.

Initially, lodoacstate and iodoacetamide do not significantly
affect the activity of shikimate dehydrogenase, However after a
~prolonged incubation of sixteen hours, a total loss of activity
occurs when enzyme is incubated with ilodoacetate and a 60%
loss of activity results when Incubated with iodoacetamide, Iv
was thought that this loss of activity was probably the resul:
of non~specific carboxymethylation of the protein, rather than
due L0 a specific modification of the active site.

.P-Mercuribenzo§§e produces a different effect when lncubatcu
wit?ygpikimaﬂé/ééhydrog@nase. Total inhibition is effected
afﬁer only twenly minutes lncubation with shikimate dehydroy . l.ce
(Table 5.3). It was found that addition of dithiothreitol coild

restore come of the activity, .suggesting that Fumercuribenzoate

=P
o




Tig 5.1

The chemistry of the reactions of protein sulvhvdrvl

groups _with various reageonts zt pH's between 7 and 9.
(a) ITodoacetate

@«- S™ + ICH,C00™ —--—-}@-— S —= CH,C00” + I ~

(b) Iodoacetamide
— N - ¢ o +
ICH,—G—NH, +(@®)—8"—F— Hﬁzm»c%
0

(e¢) p-Mercuribenzoate -

-Q_-coo +@— 5 " —E— s —ig @cc}c‘”

mercuribenzoste




Table 5.1,

Effect of iodoacetate on shilkimate dehydrogenase

activity.

Reaction Engzyme -+ % acztivity  Enzvme dactivity
Time Iodoacetafe reﬁaininé§-kbuffer remailning
(min) (Units/ml) (units/ml)
~ o 0.16 100 0.16 100
20 0,15 93.8 0.16 100
80 0.13 81.3 0.16 100
16 hrs 0.00 0 0.1 6245



Table 5.2.

Iffect of lodoacetamide upon shikimate dehvdrogenase

activity.

Regetion  Enzvme + Fhctivity [Bazyme  Zactivity

Timse iodoacetanide remaining +huffer remaining

(min) (units/ml) ‘ (units/wl)

0 0.23 100 % 0.23 100%
20 0.21 91.5% 0.24 104,3%
170 0.21 9L.3% 0.22 91.7%
16 hrs 0.14 60.9% . 0.12 52 ¢2%
./’ - |
/
//



Table 5.3.

Effect of p-mercuribenzoate unon shikimate
{ .

dehyvdrogenase actvity.

Rezction Enzyme Enzyme
Time  + inhibitor + buffer

(win) _- (units/wl) (units/ml)
0 0.17 0.7

20 0.00 0.16
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inhdbited activity by reacting with gulphydeyl groups of the
protein. Thus p-mercuribenzoate must be able to react more

i .
rapidly, with the sulphydeyl groups of shikimate dehydrogenaze,

than iocdoacetate and iodoscetanidaes

S5.2, Dffech of shildrate on Anhibition of shildmste

dehydrogenase by p=mevcuribenzoate,
i *

The experimental method, of szection 5.}, vag modified so that
Zng of protein was incubated with 3wl - ? - mercuribengzoate and
omif « shikimate. BPBlanks containing only protein and shikimate,
and also protein and P»mercuribenzoate wexre prepared. Fig 5.2
shows the percentage of‘dehydrogenase activity remaining against
time of incubation. Shikimatyg seems to afferd some protection
against inbibition of shikimate dehydrogenaée tW'Pwmercuribenzoate.

After forty minutes incubation of ?-mercuribenzoate,,with
dehydrogenase, in the presend@ of shikimate 80% of activity
remains, while in the absence of shikimate only 30% of the
original activity was found. - )

5030 LEffest of dodongatate op inhibition of shikimate dehydrogenase

T e

by pemercuribenzoate,.
]
The experimental method of section 5.1 was wmodilied so that
ZQFg of protein was pre-incubsted with 10mM-iodoacetate for 30

P o c o - - .
win at 227°C before addition of 1LOm w %rmercurlbenzoateo Blanks

containing ensyme and enmyme plus‘ywmewcuribenzoata viare prepareds

Results of a typical experiment are shown in Table 5.4. It can be
seen that lodoacetate does nof protect against innibitlon of

shikinate dehydrogenase by pmmercuribenzoaten

564 Possib;@‘explanations of results and futurs woprk

suggested by these experiments.

The resullis oblained using sulphydryl reagents to chemic. ..
modify shikimate dehydrogenas¢ and the effect of modificatic..

1
upon activity can probably be explained in several ways. A

R
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nifect of shikimate uvon the inhibition of

shikimate dehvdrogenase by p=mercuribenzoate.

20 pg of shikimate dehydrogenase was incubated
with 3SnmMeshikimate and Bmﬁkpnmercuribenzoate‘as
described in section 5.2. Blanks containing
only enzyme and also engzyme plus p-mercuribenzoate
were also propared. Dehydrogenase assays were

performed at set time intervals.

]

—()— -+ Blank containing enzyme only.

K Blank containing enzyme plus pP-mercurie
benzoate.

—AN\— Enzyme plus shikimate plus p=mercuriben-

zoates -

o



30 40 a0
Time of incubation (wmin)

20

i0
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Table 5od.

Effect of pre-~incubation with iodoacetate upon

inhibition of shikimate dehvdroszenase by

pemeccuribenzoatee

Enzyme . Boryme Enzyme
only onLy iodoscetate

% activity factivity- %acivity

100% 1004 100% After 30 min pra-incubation
(no mercurial)(+mercurial)(tmercurial)
added
. ¢
1.00% . 20% 20% After addition and 20mizn

CdAncubation with mercuraal.
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comparicon of the structures of shikimate and Pmmercuribenzoate

could lead to one possible interpretation of thesze resuits.

Both compourds possess carbomyl geroups alttached to & six

-y, oy s ' [ PR TRSU Es TR —ad e,
“ibhougn. the conforaztion of the ring

18 different in each substance (Mg 5.3). By acting as &

corbon @ing strweturs, &

gubstrate anaiogue of shikiwmata, Pwmercuribenzoate may be able

to enter the active site, where it covld inhibit the enmyame by
reacting with a sulphydf&lgroup which is essential for activitiy.
Alternatively Fymercnribenzoate could react with a noneesscntzsl
sulphydryl group in the active site and may only cause inhibition

because its gize prevents shilkimate enltering the active site.

J

Pre«incubation of the enzyme with shikiwmate does geem to proiuct

against inhibition by’Pmmercuribenzoate (Fig 5.2)o This docs
sdggest that ?«mercuribehzoat@ is reacting with a sulphycsyl
group in the active site of the enzyme. IL ?-mercu:ibeﬁzoate

is acting as & substvate analogue of shikimate then other
gubstrate analogues, such as ﬁhikimg?e methyl ester and
trihydroxybenzoic acid, shouwld protsct against inhibition
by,?ymercuxibqﬁzoate: an experiment of this nature would previcu
nore evidence that Pmmercuribenzoate was acting as a substyrate
analogue of shikimate. .

The failwre of iodoaéetata and lodoacectamide to inhibit
shikimate dehydrogenase may be because these reagents canncst
enter the active site: perhaps the active site is buried iunside
the molecule and iﬁ order to enter it the sulphydryl reagent
must be more hydrophobic than the haloacetates. However, if tl:
haloacetates can énter‘the active site, another possible
explanation for their failuré £oiinhibit activivy could be that

they are reacting with none-egsential swliphydryi groups: wbelir

-

much smaller than %mmereuribenzoaﬁeg the haloacetates may nob



Cormarison of the strretivres of shildmate

and pemereuribenzoate.
i

o

Ccoo

Hg*'

p-mercuribenzeate ! shikimate
. %

oo
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prevent shikimate entering the active site. IL the haloacetates
aré reacting with sulphydryl groups in the active site, they
must be reacting with different groups Ifrom ?mmercuribenzoateg
&8 pre-incubation of the enzyme with lcdoacetate does nol Jrotect
against lphibition by pmmercuribonzoat@o

i .

The axpefim@ﬁts described in sections 5.1, 5.2, and 5.3 are
only of a preliminary nature and hence attempts to explain the
results cbtained are very speculaitive. TFurther studies are
necessayy to test these hypotheses and also to guantitate the
avove resuits.

It has been assumed %hat,gwmercnribenzoa%e inhibits shikimate
dchydrogenase by reacting with suiphydryl groups. aadition ol
dithiothreitol can cause some reversal of inhibition which docs .
suggest that gmmercuribenzoate 18 reacting with suiphyd¢y1 ErOUDRE .
However it would:be"useful to establish the total number ol
slphydryl groups in the protein. One difficuwlty in accurately
quantitating the number of sulyhydryi‘groups in a protein is
that extremely puwre protein is required for such apalysis. It
was only towards the end of this project that pure arom was
~becoming readily availsble. A preliminary amino acid composition
analysis suggests that there are sixbteen sulphydryl groups per
subunit (Lumsden and Coggiﬁsg unpublished results),

Another methed of determining the total'numbar of sulphydayl
groups would be to treat depaturved protein with 5, 5 - dithichis
(2 « mitrobenzoic acid), (DINB), the number of sulphydryl srov.:

reacting can be determined. spectrophotometrically by measaxicg

the change in extinction at 410%# (Means and Feeney, 197L). It
1s also possible to determine the number of *buried® sulphydzy.
groups by reacting DITNB with native protein.

It would be interesting to find out if'y«me?curibemzoate is

reacting with a specific sulphydryl group. Cosson, Gros and.
A

a7
.
W



Tatbot (3976) have developed 3 method for the selective
replaconent of'%wme?curibenQQat@ bound to glwtamate dehydrogenase
by radicactive iodozcetate. Tt may be possible to adapt éhis
wothod Lov the gron cowplox and hence Jabel the active site of
smilivnte dahydrﬁgenauaadr

T Balinsky and Davies (L96i) have shown that pemercuribenzoate

inhibits shikimate dehydrogenase obtained from etiolated

pea seedling; +this inhibition is reversible by c¢ystelne.



MATERTALS

Chemicals used in this work were wmainly Analar grade

and obtained from either Sigma (London) Chemical Co., o1

BDH Chemlcals, particularly:e

Sigma (London) Chemical Co.
Kingsion=upon-~Thanes,

Surrey, U.K.

BDH Chemicals,
Poole,

Dorsetg UoKo

" Other sources of chemicals were

Aldrich Chemical Co.,
Gillingham,

Dorset, U.K{

Boehringer Corp. {(London) Ltd.
Lewes,

Sussex, U.XK.

Fastman =~ Xodak,

Kickby, -

Liverpool, U.X,

- KochwLight Laboratories Ltd.

Colnbrook,
Bucks, U.X,
Whatman Biochemicals, ———_ __

Maidstione,

Kent, UK.

Deoxyribonuclease~l(type DN=CL)
p=-Hydroxymercuribenzoate
iodoacetamide

iodoacetate

Trizmawbase

Biotin

Bromophenol Blue
as followssw
benzamidine hydrochloride

shikimic acid

NADp*

phenylmethanesuliphonyl
flueride.

2-mexrcaptoethanol

DEAE~cellulose (LES52)

cellulose phosphane(?ll}
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