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This thesis concerns the reactions involved in -
. [ . ‘ ) L ” ]
threonine catabolism by Escherichia coli using threonine

L4

n

as its sole source of carbon and energy. The pathway of

carbon from threonine to the geheral -metabolic pool was

identified ‘using genetic and biochemical methodsl

‘Threonine is first converted to a;adine-8~keto butyrate

S

: culture flltrate, angd acetyl Co-enzyme A 1s used as a

by NAD-dependent threonlne dehydrogenase. Next by the:

\

‘action of u-amlno B-keto butyrate-Co-enzyme A ligase,

‘ N

the four-iarﬁon EOmpound ‘is splLt intg two two-carbon

’

compounds{ glyc1ne S acetyl Co-enzyme A. In the

& "\

serlne transhydroxymetﬁxlase-def1c1ent mutant studied

Y ¥ N "

j
here, glyc1ne is excreted by the bacterla into the

sourcé Qf carbon and energy. Two ggzymes that are

involved in threonine catabollsm, threonine

dehydrogenase and a-amino-f-keto butyrate Co-enzyme A

llgase, were partlaliy purlfled from the -E. COll K12

[y

'\mutant; strain. JEV 73R, and characterleed. This is
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thé.fifst report of an gucbli mutant that can use

threonine as its sole .carber and energy source and of
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glycine excretion. in E.coli. . It .is alse the first
. - N : : s . et
documentation ,of the existence of) the enzyme, {
s L o ) , o W ' .
a~amino-f-keto butyrate Co-enzyme A ligase in E.coli
cell-free extracts, ' . = - . .
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) ) INTRODUCTION o

This thesis is concerned with the identification |
of the pathway by which threoniné éerves as the sole
carbqn and energy éouréé in aerobicaliy érown E.coli
K12 mutants. ' |
Threonine is a very stable amino ‘agid. .It is a
fbur,%arbon-compound with an’ amino groiz\béand té the
a—carbonfvﬁﬁherefore poténtially,.threonine can be the
carbon or nitrogen or“bpth carbon énd nitrogen sources
for‘miéro-orga&iéms that have tie enzymes needed to
deérade itf In mié;o-oféanisms, four enzymes have Been
/ shown to.be involved with threonine catabolism. Thg§ ?
aréjbiosyntﬁetic and biodegradative threonine |
deaminaégs (E.C. 4, 2, 1, 16), threonine aldolase
(E.C. 4; 1, 2, 2) and NAD-depeﬁdent threonine
dehydrogenase (B.c. 1, 1, 1, 103). '
A recent study (Bell, Turﬁer, Collins & Gray, N
1972; Bell & Turner, 1?76, 19775, 1977b) suggests that
threonine degradative enzfﬁes are common in thé “
microbial world. Bell andgfurner surveyed thfeohine
cétabolism‘in 75 miéro—organisms that can grow on
-~ threonine as the major source of carbon and nitrogen.
They‘found thgt the enzyme which most frequenﬁly
initiates threonine catabolism was NAD-dependent

1

e
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threonine dehydrogenase (TDH) (46 out of 75 strains
studied). The occurrence of threonine aldolase -

(E.C. 4, 1, 2, 2) was not only rare (6 out of 75

. ¢
'strains studied) but also restricted to species .

-

-

, of Pseudogpnas.'umhe initiation of threonine .

catabolism By threonine deaminase (TD) was uncommon
_ among micrb-organisms»gépable of growth on the amino
acid, but has been described in a species of

. Corynebacterium (Bell & Turner, 1977a).

In this introduction, the reactions catalyzed by .

‘the four threonine catabolic enzymes will be briefly

’

described and some evidence asto their regulation

will be surveyed. The further metabolism of possible

intermediates in threonine catabolism including

‘za-amino-f-keto butyrate, amino acetone, glycine and

acetate will'theq be reviewed.

< . .
' The Enzymatic Reaction Catalyzed by Threonine

\

Deaminase (E.C. 4, 2, 1, 16)

-

The enzymatic reaction of threonine deaminase is

13
shown in Figure 1, reaction 1. Threonine deaminase

catalyzes the oxidative deamination of threonine in a

one-step reaction producing a-keto butyrate.. In this

8

".reaction, the amino group is removed from threonine

and made available for general cell metabolism. ' This

v

omem ke s s sk el e e e e - e e -
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enzyme hlbng suffices.to make nitrogen available from

2

threonine. However, if threcnine is té be the sole’ :
o ' LA
] . .
carbon and energy source, further metabolism of a-keto
butyrate is essential. - . <
' X N v

The Enzymatic Reaction Catalyzed by Threonine Aldolase o .

. z;: a1 . . ,,l . : ?: !
: U (E.Co, %1, 2, 2) - - A S ‘

"The enzymatic reaction of threonine aldolase is - 1

shown in Figure 1, reactjon 2. Threonine aldolase . ’ :

. cétalyzes the ©leavage of threonine, a four carbon ‘ “
' compound, into two two-carbon compounds, glycine and

‘acetaldéhyde. Of these, glycine 'is the.oné that
1 - . .
contains the nitrogen atom. If threonine is to be used
1 v »

- ot as the sole nitrogen source via threonine aldolase, the

further’ metabolism of glycine is essential. 1If

PRUSI PRI SO

threonine is used as the sole carbon sourée, further
metabolism of glycine and/cr‘acetylaldéhyde~must be

involved.

i -

®AS T e MR e

" Enzymatic Reaction Catalyzed by NAD-Dependent Threonine

: Dehydrogenase (E.C. 1, 1, 1, 103)

3t st

The enzymatic reaction of the NAD-dependent
threonine dehydrogenase is shown on Figure 1, reactién
3. Threonine dehydrogenase catalyzed the oxidative

-conversion of threonine to a-amino-B-keto butyrate

(AKB) . The product/ij/a‘very unstable compound with

o !
. t . ]

o

8
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a half-life Jf about one minute in solution (Neuberger,
19%9). The product of the rapid Hon-enzymatic °

decarboxylation is amino'aceto?e. Fﬁrﬁher metabolism
of AKB may occur by more thén'one pathway. ° In:this~"
- work, a pathway involving the formation of glycine -and

. acetyl Co-enzyme A, and their further metabolism, will

‘be demonstrated. , '
. ' N -
7

The' Regulation of Enzymes InvoIved in Threonine

Metabolism in E.Coli ,
! &

Threonine deaminases (biodegradative and

biosynthetic). In order for a metabolic reaction ﬁq

t

actually take place in the cell, the enzyme , I

respoqsibié for its catalysis must be present in
sufficient amount. That is not, howevér, enough to
ensure that the reaction will occur since this will'
als;.;epend on:the pattern of ﬁetabolic regulation. ‘é >
This 'can be seen particularly clearly in threonine’

' catabaiism\\ In this case, one the enzymes whose
.enzymatic qéchanism\should allow thieonine deamination -
is rendered inactive by end product inhibitioﬁ even at

a low concentration of its end product, issleucine.
The other threonine deaminating enzyme is controlled.
.at the level of trangeriptién spcb that it cannot be
formed in aerobic cond;tiéns and it is not responsible
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er'aerobic threonine catabolism. Thﬁs, the cell has
Jthe-infgrmation for making two threonine deaminating
.enzymes but their céntrol mechanisms are such that
neither can be used for aerobic thréonine'deg;adation
(Chahgeux, 1961; Wood, 1969; Shizuta & Hayaishf, 1970;
Hatfield & Burns, 1970;,Calh6un & Hatfield, 1973; "
Wasmuth & Uﬁbgrger, 1973). '

Threonine aldolase,. Generally speaking, the

physiélogical function of threonine al@olaée in

micro—organisms:haSjnot been demonstrated (Bell &

Fd

Turner, 1977a).. In g.ggii;'in*particular{rit has not

been reported at al} analthg following arguments

suggest that this enzyme cannot be physiologically
ighificant. - | | ; o

a) 1In E:ggiiA strain AT 2046, the parental strain
of strain JEV 73R and TE 111 used in this investigation,
no threonine aldélase enzymat;c activity could be
‘detected in an in vitro systém (Fraser, 1975).

» b) In %? E.coli mutant deficient in serine
traAshydroxymethylase actigity (STHM) , the biosynthetic
pathway of glycine from serfhe is blockgd (Miller,

’.1972).(‘The mutant needs‘exégenous glycine for gro&th
‘and céqgot use exogeneous threonine. If.it had.
threoﬁine.aldolasé activity in physioiogically ‘

v'significant amounts, the mutant would bé abléfto 4

. " .

v

va

AR s arm 4 e e m

e




rj' ,
oA

supply'the glyc1ne from exogeneous threonlne.

1 & [}

NAD ~dependent threonlne dehydrogenase (TDH) . It \ .

’

had been ‘'shown- previously that in the presence of leucine, -

‘NAD-depenaent threonine dehydrogenase is the first enzyme

.

'1n the provr51on of gly01ne from\threonlne and in the

* provision ‘of nltrogen from threonlne in E coli (Newman,

Kapoor & Potter, 1977): v
‘ In thls thesxs, it will be shown that TDH is the
fxret enzyme ‘in the pr@y131on of carbon and enexrgy ‘from
ﬁhreonlne in E.coli. The regulation of this enzyme is ’ o
' somewhat unusual. The enzyme is induced,by an unrelated ' G
amlng\ac1d leucine but not by its substrate, threonlne. .
In summary, E. colll‘can produce two enzymes whlch

act on threonine when grown'aerobically‘on glucose es. .

['d

the sole source of carbon and energy. Only TDH is : :
catabolic in funetion, producing AKB. In the next
paragraph, the further metabolism of AKB is considered

in details (Figure 2).

Further Metabolism of a-Amino-B-Keto Butyrate, the

R S

" ,Product of the Enzymatic Catabolism of Threonine by

£l
F o

Threonine Dehydrogenase-

Due to the chenical 1nstablllty ‘of AKB, there are

two possibilities for the further metabollsm of the )

-

-compound. . The main dlfference.between the two

’

\ ' P

A
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pQ§s;b1e pathﬁagﬁ'is that thé‘fi:st one is initiated by
»]non—enzymatic decarboxylation of AKB to amino aqgfone

iwhlle the other is initiated by the enzymatic spllttlng
‘:of the compound AKB into glycxne and acetyl Co-enzyme
A. Thls enzymatic reaction is a Co-enzyme A dependent‘
reaction catél&zed by the enzyme G-amino-B-keto butyrate
Co-enzyme A ligase!. 1In this thésis, the enzymatic

) - ) :

metabolism of AKB is named I’G],ycin'e route' because

glycine is formed as one of the products (Figure 2).

Amino acetone cycle: the supporting evidence and

its limitations. Amino acetone was once thought to

-be a physiologically importang compound. The amino acetone

cycle was suggested as a possible pathway for threonine,
catabolism, (Elliét & Green, I964f By this pathway,

a-amino-f-keto butyrate (AKB) would Be non-enzymatlcally

« !

decarboxylated to amino acetdne\\ The amino égetone‘

would then be deaminatéd to form“methylglyoxal which

L

'would be converted to D-lactate by glyoxylase. The

action of D-lactate dehydrogenaéewouhiconvert D-lactate

~-

!T7his enzyme has' also been knewn incorrectly as amino
acetone synthetase. It was thought to be responsible
for the formation of amino acetone from glycine and
acetyl Co-enzyme A. It was later realized that the
actual product was AKB and the formation of amino
acetone was not depending on enzyme (McGiluray &

. Morris, 1971). ) . . \

<8
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to pyruvate which would be the carbon and energy
'\s' .
precursor for all other’ metabollc reactlons (Flgure 2.

There were some evidence , to support‘ the involvement
of the amino acetone cyclevin threenine cataboliém. In

’,__,; “

Staphylococcus aureﬁ%, large/gmounts of amlno acetone -

coul be detected i&’fhe culture flltrate when threonlne

was the sole carbon and energy. source'%Elllot & Green, - . ’

1964). ThlS lS consistent with a conversiorn of threonlqe

.

to AKB and' the non-enzymatic decarboxylation of the

AKB during growth. In addition,.all the enzyme ' \\
;are essential in the amino acetone cycle have been spown .
inArthrcbacter(%reen ﬁ‘Lewis, 1968) . . : N A

' The role of“amino acetone ds an iﬂfermediete during
threonine @atabolism i% A!ce less likely by the fact ¢

’

LY
that exogeneously provided amino acetone .cannot serve as

the sole carbon scurce in most of the micro-organisms
14 s - ‘
that can use theronine as the sole carbon. source and .

nitrogen source (Bell & Turner, 1976, Komatsubra,

Murata, Kisumi & Chibata, 1978).
, | ,
The Glycinhe Route: The Supporting Evidences and the

\

Missing Information

s

a-Amino-B-keto butyrate Co-enzyme A 'ligase
(ligase) is a Co-enzyme A‘dependent enzyme that can

split AKB. into glycine and acetyl Co-enzyme A. °

e

k8 A % it i

S o o o a3 7SI
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'Newman, Bapfist,‘Fraser; Isenberg, Weyman and Kapoor

converted to AKB by threonine dehydrogenase. Then,

“threonine is the sole carbon source (Lessie & Wong//

.activity of ligase has been shown in many

(1976) by. using STHM-deficienf mutants as “well as

threonine deaminase (biosynt ic) deficient mutants

1

have already shown that the glycine route is

responsible for the threoninelgatabolism when threonine v

-

is..used as the sole nitrogen solurce. The nitrogen flow
/ ‘ . C .

was considered to be as follows. Threonine is first "o

N . ’ S v
presumably, by the enzymatic activity ligase, the four

&

carbon compound is split into two two-carbon compounds;
glyciné and acetyl Co-erzyme A. Giycine is then T,
1n1ng WL* a C

compound gpd serine is the actual nltrogen donor. Its

converted. by STHM to serlne by co

amino group is released, perhaps by serine deaminase.

This glycine route is also responsible for the

o

threonine catabolism in Pseudomonas cepacia when

1979) .. “© - ’ | L S
However, the data supporting the glycine réute,in ) o

E.cnli' threonine catabolism when exogeneous threonine

was used as the sole carbon and energy source are not

sufficient. .In partlcular, although the enzymatic o

mlcro-organlsms, it has not prevmously been shown in

3

§.coll. In addltlon, as it w1Ll be discussed in this
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SN between serine and gly01ne ls blocked.-, Glycine w;ll Lo - ;
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cannot serwve as carbon source for - -

~

text glycine itself,

E.COli. - A . ) \

Glyc1ne Metabollsm in wWild Type E. Col;. and STHM-
~

Def:.c:.ent Mutants N i* ’ T

Though glycine cannot serve as the sole catbgn source |

P S R N e

in E.coli , it isaamétébolic'intermediate of considg:;ble,"

importance. Glycine-is derived” mainly‘from serine by

N
o

.the enfyme'STHM. During the conversion, serlnq%w111 ,

transfer 1ts B-carbon as a Cl unlt to tetrahydrofollc

There this  reaction *'* N

acxd (Blukely, 1954). re,

fulf1113=two_physlolqgical( unctions: providing both

glycine and Cy units. Newman and Fraser’ (1975)

~

descrlbed a second’ blosynthetlc pathway for glycxne

- ¢ . L . . _.;- % "() ’ 1N N
threonine is first cénvert d to -AKB and then cleaved
by rligasé to form gilyciné \ N ' S

D v st

1
)
i
= i
r “’rl . * . . .
° this tlme derlved from threonlne. In.thzs.cqse, . " z

In an STHM-def1c1eht mutant the 1nterconver51onﬂ v

* - i ’ a1

have to be supplled exogeneously, ‘as such or as v

threonlne.i Because of the STHM deflglency, C1 units

cannot be hadg ﬁrom sefine. The chlef supply of C1
. . ~ . N A
" units will be from glycind via the %lycine ‘CleSvage -
. / ‘ . * . L LY '
System'. 'Glycine Cleavage System' is the nameyg;xsg} -

te? the .entzymés which form' C, units from';;g'lyéine and . .




have been studied in detail in D glycxnophllus

(Sagere'& Gunsalus, 1961). They resulted in Ehe
o ' y L .‘\.
- formation of C,~THF from the a-carbon and Carbon

RO S Y, RO IV

dioxide from the carboxyl carbon of glycine. in a ‘ L

anhm

STHM—deflclent mutant, the,ma&n supply of Cl unlts is f . \

from the Glycine Cleavage System.

¢

R > . Cl units are used for many biosyntheses==~-=

including two C1 to make one purlne molecule (Buchanan

w

°

s o D LT LTS W W N
a
3

& Hartman, 1959), ‘one C1 for thledlne (Elwyn &

. Sprinson, 1950), one Cl for hlstld;ne and one Cl fo; . :
methionine - (Cohen, 1968) . .Since:élycine is also a | “
e T précursor of puripe C 4,5 and N 7 in’'STHM-deficient
_mutant, ‘1t .takes 3 glycine molecules to make one .

purine, one glyc1ne'for one thymidine, ‘one glycine. for S L

- ) one histldlne, and one glyc1ne for one methlonlne ‘ ' ‘ i
. i ' : ) oo S
{ . _ . molecule.' ; : ‘ - ' N %
Cu. ;
. ’ 1 | ) | ﬂ

Metabolism of Acetate in E.Coli. , . 4 ‘ 1

8

“ ’

Threonine catabolism,' if it is via the glycine'

i - )

- “ s _ ‘)&
"route, will produce glycine and “acetyl Co-enzyme A. ' .
Though g.coli- does not.use glycine as the sole carbon =~ '~ |

R ' - source, it does use acetyl Co-enzyme A aS‘thcharpon

pa T gource‘ Acetate metabolism in E.coli is well : ' :

BN I \\ : understood (ﬁrdwn, 1977). a2 starts with tfa . o .

conver51on of acetatg to acetyl Co—enzyme A via
A [ ‘t\?’ N N a
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phos.phpr‘ylation includir;g the enzymes acetate kinase
¢
; (E.C. 2, 7 2, 1) and phosphotransacetylase (E C. 2,
’ , 3, l 8) Then the acetyl Co-—enzyme A will enter :Lnto \ N
! v -
- the well known trlcarboxyhc acid cycle and glyoxlate ;
!
A
cycle (Kornberg, 1964) as shown in F:Lgure 3
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‘Figure 3
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3 .

‘ Acetaté'Catabglisﬁ in 'E.Coli. (Brown, 1977)

/

[
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(E.Cc. 2, 7, 2;“I}
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METHODS AND MATERIALS

’

- v
- . )

Media

Bacteria were grown according to. the usual methods

. TN . )
in a phosphate-based medium containing 0.54% K,HPO,,

" 1.26% KHzpo4V‘o:2% MgS0, and 0.001% CaC12 at a pH 6.4.
0.2% (NH4)2"SO4 was used as the sole nitrogen source. %

When glucose or aqet;te was used as the sole sof%ce of

PR

energy and carbon, it was autoclaved separately and
added to the minimal medium to a final concentration of e "

0.2%. When threonine was the sole energy and carbon o

@t W mdnn

"source, it was added to the minimal medium before \

P R

autoclaving at a concentration of 0.2%.

Cultures of all strains were kept by frequent

»,
tfansfé} on slants of yeast tryptone agar containing

1% yeast extract, 1% tryptone; Z%Aaqar and 0.25%

30T mer-2t51em o ey e e SO AR

K2HPO4. Glucose was. added to a final concentration of

0.1%.-

'‘Cell Extracts Preparation

Two litres of mid-log phase cells were:

harvested by filtrat%iﬁ/psing * porcelain filtre
elements (Selas Flortronic Co.). Cells were
"resuspended from the filter in the same medium and ey
!

centrifuged at 6,000 rpm at 4°c for 15 minutes. The ’

pellet usually about three grams of wet weight was

» ’ .
/“\ ‘...{_‘
\ . )
-
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disrﬁptér (Model 350, Branson Sonic Power Co.), for

L ENN

L

~ - . . ' ! k/JU

resuspended to 20% weight/volume in potassium ph sgaate

0.05 M pH 7.2. The cells were then disrupted by
I } ~

sonication in an ice bath using a sonifier cell /

* - -

two pulses of oscillation each with 15 seconds wiqp an

interval of 15 seconds. The suspension_wés clarified
' A

by cent;ffugation at 10,000 rpm at 4°c for 30 minutes.

/

The supernatant was then used for enzyme assY?s.

® o

Sourcés of Strains )

Strain’AT 2046, an STHM-deficient;‘glycin;
Kequiring éerivativé of E.coli K12 was acquired ffom“
L.vaPizer, University of Penn;ylvania.

Strain JEV 73R, an STgM-defEEient prototroph was
isolated by Fraser (X975). It is a derivative Qf’ | il
strain AT 2046, and is distinguished by‘a'high TDH
acfivity (Newman, Kapoor & Potter, 1976;. .

Strain K 10, a'protrdphic strain of E.coli K12,
was obtained from A. Garen, Yale University.

Strain TE 111, TE 111lA, and TE 103 were isolated

by the author from strain JEV 73R as described in the

text,. , \

isolation of Strain TE 103

Strain TE 103 is an‘acetate—positivefderivation‘of

5 straig JEV 73R. To isolate this, strain JEV 73R was v

s e Avnas ok
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‘acetate~positive strains was named TE 103. ' . .

i i:' . .‘) .
l ¢
inoculated into minimal medium using glucose as the .

sole cargon and-energy source. iQ ml of tﬁat cuiture
were centrlfuged and resuspended in 10 ml of 0.9%

saline, Then the bacteria were irradiated byggltra-
violet light for one minute before plating on minimal

med%fm using -acetate as theé sole carbon and energy
. .

source, After'4-& days of incﬁbatiop, acetate~positive

-‘ )

' colonies were isolated and purified. One of these

1 %

Isolation of Strain TE 111 = 4

\\\Strain TE 111 is a spontaneous threonine-positive

derivative of strain JEV 73R. To isolate this, strain

- JEV 73R was cultured in liguid minimal medium‘using

‘glucose as the sole source of energy and‘carbon. After

the culture had reached mid—loé phase, tbe bacteria
were washed .once with sterilized 0.9% saline and platéd
directly on minimal medium using thréonine (0.2%) as
the sole source of eherg& ang‘carbon. The colénies
thét abpeared after 4-5 days of incubation were

isolated and repurified. One of these threBnine-}
b L]

-positive strains was named TE 1ll1l.

Isolation of Strain TE 11l1lA

’ Strain TE 1I1A is an acetate-negative derivative

.

- of strain TE 111, To isolate it, strain TE 11l was .

\ - LN
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{
cultured in liquid minimal medium using acetate as the

sole spurce‘df energy. and carbon. Afer the culturéﬁ
' »

had reached mid-log phase, the bacteria were irradiated
\ . -

Wigh ultra-violet light followed by penicillin : b " )

enrichment (Miller,.1972) to isolate acetate-negative
»

strains. One of the acetate-negative derivatives was

. named TE 1lllA.

Threonine Dehydrogenase Enzyme Assay/

TN A

Cblgrimetric method.

This asgay measures the ¢

threonine-dependent production of amino ketone (amino o .
acetohe) from threonine and NAD (Newman, Kapoor: &
\Potter, 1976) . The direct enzymatic product of fDH

is AKB‘whiqh is rapidly and nonenzymatically

decarboxylaﬁed to amino acbtone.' The 3 ml incubation

’ .

‘mixture contained 500 uM NAD, 30 mM threonine, 0.2 M
Tris-HCL buffer pH 8.5. The ‘reaction was started with

ﬁhe additionlof enzyme, incubated for 10 minuﬁes at

;7°C énd ended with the adéition of 0.8 ml cold 30% s
TCA solution. One ml of the éample was then assayed

for amino acetone by the method of Urata and Granick «
(Ufata & Granick, 1963) with the modification of

Ehrlich's reagent by Mauzerall and Granick,(1956) ' B

(83 L]

using §-aminolevulinic acid as a standard. The

optical density of the assay solution was measured

‘ . -
- . . .\
»
f .

N
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at 540 nm. This colorimetric TDH. assay~was routinely

applied during the purification.

Spectrophotometric method.
: T

the threonine-dependent reduction of NAD at 340 nm.

This assay measures

Due to the high concentration of 'NADH oxidation' in
strain JEV 73R crude extract§, this enzyfie assay'was"
useful only with the partially purified preparation

%

of TDH. '

e-Amino-f-Keto Butyrate Co-Enzyme A Ligase (Ligase)

Assax . : )

This assay measured the acetyl Co-enzyme ‘ A

A-éependent‘production'of amino acetone from glycine

and acetyl Co-enzyme A. The direct enzymatic product
of ligase is AKB which is.rapigdly decarboxylated to’

. n :
amino acétone. The one ml incubation mixture contained

} 10.mM glycine, 0.4 mM acetyl Co-enzyme 3, 0.2 M

phosphate buffer pH 7 containing 0.01 M 5,5'-dithig-bis-

-(2-nitrobenzoic acid) (DTNB).., The reaction was s

started with the
minutes at 37°C,

of 30% cold TCA.

addition of enzyme, ingubatéd 10
and ended with the addition of 0.2 ml

The content of Tmino acetone in the

{incubation mixture was measured 3gs described

previously.

U V.
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Serine‘Transhydroxymethylase: (STHM) Assay

Serine trﬁpshydroxymethylase activity was
ugssayéd by a modification of the method of Fold and

Berg (1970) as described by Milier (1976).

\

‘.. Phosphotransacetylase (PTA) Asééy

N r

. This enzyme assay measured the glycine-indepéndent )

-’ n - h
. deacylation of acetyl Co-enzyme A to Co-enzyme A. The

.Co-enzyme A formed from PTA will convert DTNB to
p-nitfqthiophenol anion yhich can be meagured at 412

* nm, Thevtwo ml assay mixture contained 0.4 mM acetyl
‘Co-enzyme 3, 8.2 M phosphate buffer pH 7 and 0.01 M

DTNB. The reaction was started with the. addition of

enzyme, incubated for 5 minutes at 37°C and stopped by

a

chilling in an ice bath. The optic¢al density at 412

' nm was measured by Spectronic 21 (Bausch and Lomg\\

¢

~

Company) . 8

DbWEX-SO.Desalting Proced@re
. This is a'simblg method for desalting amino acid
in the growth medium suggested by KarenoThi£low,
Unlversity of British Columbla (Personal Commqflcatlon
to E.B. Newman) . A DOWEX 50 (% 100- 200. mesh column
(1.2 x 10 cm) was equilibrat?d with 0.1 M acetic acid
before 25 ml of the culture filtrate'(pH adjusted to-

2 with -HC1l) was applied. Then the column was washed

21
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with lo‘m; of 0.1«M acetic acid before the amino acids L
were eluted withA01l'MiNH4OH, " The eluant wés
colieétea’until it reached pH 12, and ;as then frozen -,

and lyophilized. This prepa;atioh was then used for .
thin'layer chromatogréphy or paper chromatography as

described in the text. S .

Protein Determination . o C :
, Protein was determined by the method df Lowry o X

-

et al. (1951) gfing BSA as a standard.

‘ ~ A

. Carbon Dose and Protein Production Experiment .

~ \ ,

Various amount of carbon source was applied to
strain TE 111 and the protein content of the culture
was determined at the stationary phase. Threonine,

acetate and glucose were in this experiment.

I3}
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RESULTS

" part 1l: Genetic Studies

L]

Isolation of An E.Coli Mutant That Uses Threonine as

Sole Carbon And Energy Source
. ) ,
The strain of E.coli K12 studied here is &train

JEV 73R which has a very‘iarge amount of threonine

-

dehydrogenase (TDH)? about 100-fold more. than that in
usual strain of E.coli JEV 73R is serine ’%\ |
transhydroxymethylase;(STHM)-deficient but, using this
large supply of TDH, it can make glycine from
endogenously formed threonine ana therefore requires no

addition of giycine to its growth medium. This pathway’

N ©

moreover must funétionvat a high capacity. Since
sﬁrain FEV 73R is STHM—deficiént, it rgquires a~great -
deal more glycine than would a STHM-sufficient strain
which could make most of'its C,-units from serine.
Strain,qEV 73R, then, is thought to produce al
the glyqine it requires from threonine via TDHyénd

. _ \ ‘ ‘ Y
a-amino-f-keto butyrate Co-enzyme A ligase (ligase).

)

If this were true, one would expect that strain JEV

o 73R should use threonine as the carbon and energy

' source because when threonine was cleaved by. the glycine

wy .
route,a large amount of acetyl Co-enzyme A would be

i+
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s producgd toggther wiﬁh,glycine. Since.acetyl‘Co—enzyme
| { A can be the égrpoh donor for the génergl metbolig
pathways in E.coli (Korﬁberé, 1964), threonine.shculd
ser#e as the sole source ;f“ca¥bon and énefgy of

strain JEV 73R. | o '
However, when JEV 73R was tested with threonine

as the sole carbon and energy sogfce, it did not grow.

-

. This could be explained in several ways, as‘;éllows:

I d

a) Strain JEV 73R was pro@ucing agetyl Co—enzyme;A‘bug

- N

unéble to use it.

evepme e ¢ st b

» : :
by Threonine was catabolized by-.an‘' enzyme other than

.y

-

, TDHt-thﬁféroduct of -that enzyme cannot serva &s carbon’’

-
source.

c) Threonine was catabolized by the glycine route but

the regulation was set in such a way that the route

.

could not be used during the test condition.’

v vt e bAp———S e

The fdllowing experiment shows that the first of

these is cprrect,
{ - 1f the inability of strain JEV 73R to use threonine
; . as the carbon and energy was due to- the inability of )

the, bact ria to use acetyl Co-enzyme A as” the carbon

source, strain JEV 73R should not=gfow on medium using
acetate/as the sole, carbon and energy source. In fact,

strain [JEV 73R could not use acetate as the sole'carbopf

and energy source, ; . « ¥
4 R N )

Y
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Oné might ‘then asstme) that if one could isolate

4

Ll

R andacetate;positive‘¥Q£3}dﬁ it would also\gse : . st

threonine. To isolate an acetate-positive mutant of ) . ' ]

k4 e

"JEV 73R, the strain was exposed to ultra-violet light,
. hd 6“ N

S s wm o

subcultured and plated in large ﬂgﬁbers (approximately
. . ? - .

'loa/plate)‘on-minimal acetdte*platgs. One of the h )// }

colonies‘yhich grew on this plate was purified and

- ‘ #,

. o l\a(, _’.
named TE 103. A reciprocal - selection for threonine

ultilizing strain TE 111 was made in the same way -—

— R 1
on plates w%ﬁh threonine as sole carbon source — if >
this case without ultré—violep light mutagenesisg. '

. TE 103 selected on. acetate proved to be ‘able to
.~ . g

)

use threonine as the sole carbon and energy source.

" -

Reciﬁrocally, TE 111, se;ected oh:thggoniﬁé‘éroved to . - .‘J
bg-ahle to use acetate as éhe‘sole carbon and energy
éourc;. The parent stréiﬂgJEV 73R was unable’to use.
eithérﬂ mﬁis.showed~cléarly that a %inéle mutation "

-~ affected theé ability to use both threonine and acetate-

»

v

as the sole carbon and energy source. ‘Therefore, ‘it : . ‘
can be concl@ﬁed that what was“missing in JEY 73R is - . .
in the metabolism of acetyl Co-enzymé A and not in the/ "

v, -

- threonine catabolism. . ‘ ,

- ¢ . 24 . ' 4




-

ot -

Generalization of The Relationship Between Thrednine

.
o

, Catabolism And Acetate Metaﬁblism ' c .

:Tﬁe Fact tgat_TE'IO3; the aéetate-éositiue at;ain
frpﬁ strain JEV 73R can use threonine as the sole carbon
and énergy saurce and TE 111, the thfeonlne—p031t1ve Do
mutant*can use acetate as‘$pe carbon and energyvsoufce/

;suggests that acetate metabolism and threonlneﬂ

‘

#tabollsm are related. In order to generalize’subh a

-

relatlonsQ;p,/pore acetate-posxtlve mutants and +

"

*

threonlne-p051t1ve mutants from straxn‘JEV 73R were

1solated “ - Ce .

>
o

en 1ndependent acetate-p031t;ve mutants and eight

1ndependent threonlne—p051t1ve mutants were, 1solated

- ‘and’purified before‘reciprogal.plating on threonine and
P aqgtate g;?imum plates respectively All ten
'acet5t§;'

carbon fsource and.seven out of eight threon:.he.p‘os:.t:.ve

v’

mutants could grow on acetate mlnlmum plates.

e

v

Thus in all ten cases, the addition of the capacity
<@ v vt . Lo ‘

to use acetate suffides tao allow the strain to use

.threonige. In seven out of eight cases, the aquisition

i ‘of the‘abilit§ to use threonine allowed the strain to

usé€ acetage. This_confirmed that threonine catabolism

\ .
in E. c011 invblﬁed conversion of threonine to acetate %

W\ « . e

or an acet,te fblated gompound In one dase, the

-«

sitive mutants' couli use threonlne as the ~h,

w
A

N
é? ,

[

.
S ISd e 0 cxw:u«.'.‘
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' A . .h
strain has used some other mechahism to become
threonine-ultilizing. This is interesting bhﬁwhas not

.
<

been-further investigated here.

A . f
Confirmation of'The Relationship Between Threonine

Catabolism And Acetate Metbolism by Isolation of An

Acetate-Negative Derivative of TE 11l

g
, In order to confirm the relationship between
threonine catabolisﬁ’and.acetaté metabo;ism;:an
acetate—negaﬁive strabn w;s isolated from TE 111 uéing
. , .
ultra-yiblet light as the mutagen and penicillin~as
the enrichingjagent‘(Miller, 1972). The purified
Aagetate—negative,mﬁtant from TE 111 could not use
threoniné as the arbon source. This showed that a
loss in the capacity to mefabéiizg acetate-leadsmgo
an inabiiity to use threonine as f£he carbon and energy
source (Figuré 49H. \

- A
. .

~" Confirmation That Strain TE 111 Is An STHM -Deficient ///

Mutant

3

TE 111 is isolated'from‘JEV 73R and therefore it
should be STHM-deficient. The confirmation that TE 111 .
* ) R (4 ) Kl N . i .

is a STHM~deficient mutant is essential .to the further

" . v, . b,
experiments in this thesis for two reasons: first to

,be certain that it actually is;% derviative of strain
' ]
" JEV 73R and second to exciude STHM participation in

i

»
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the further metabolism of glycine in the cell.
, , $

Newman et al.
o

(1977) showed that the use of glycine
as the nitrogen source requires STHM activity. If Tﬁ‘lllz
was STHM-defkfﬂgnt it should not use glycine as the
nitrogen source. . | | |

: TE 111 was tested with glycine as the sole nitrogen
' source,’ using E. c011 K10 as the w1ld type ‘control ;33\_\ }fJ/

straln JEV 73R as the  STHM-deficient control. The

results proved that TE 11l was unable to use glycine as

the nitrogen source.
. v » -

also assayed in extracts of TE 111.

be detected.

In addition, STHM activity was .

No activity could

t

. Glycine Cannot Be éhe'Sole éarbon And Energy for
E.Coli | |
It seems then that strain TE 11l converts threonine
tolacetyl Co-enzyme A and gLycine. The next experiments
ére designed to inquire as to the fa?e of this glycine.
E./coli strains K10, JEV 73R and TE 111 were all
tested on ‘glycine as the sole carbon and enérgy}an
were unable-to grow. Thus even strain-TE 111, wHich
can use threonine as carbon and energy source and that
by conyerting threo?ine to glycine and acetyl Co-énzyme
A'éannot use glyd@ne as the solelcarbon and energy

source.

L4 . ' . ‘\
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~ Plates with a large number of TE 111, K10, *

. y oo :
JEV 73R were incubated for ypng periods and yet no .
Dat N ‘

“glycine-metabolizing mutant of any. of the. three strains

1

¢

N

-

could be isolated. It must be'concluded that E. COll

does not use glycine as the sole carbon source.

Excreton of Glycine By TE 1lll Using Threonine as The

Sole Carbon And Energy Source’

It is®clear that TE 111 uses threonine as the sole
carbon and energy source by converting threonine to
acetyl Co-enzyme A and glycine. But as ﬁas been just
shown, glycine cannot be used as the carbon or nitrogen
source and cannot be converted to_serine since, the strain
is STHM-deficient. The cells do use acetate as the
carbon and energy source. Oné might thep ;redict that
during threonine catabolism, glycine should accumulate
in tﬁe cell, and be excreted into the‘;Ldium; The next
experiments prove that this is Qo. . .

In order to investi&éte what compounas are excrefed
during threonine catabolism, stréin TE 111 was grown to
stationary phase with liﬁiting amounts of threonine

(2 mg/ml) and the culture pernat;ht obtained by

- centrifugation, desalted in DOWEX-50 column and

concentrated by lyophilization. Tha\redissolved -

> » ) .,
lyophiliégd"powder was chromatographed”in two

e Do ok e e e el L

-
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one~dimension systems as follows:

a) Silica gel thin layer chromatography: the redissolved
lyophirisate was analyzed by silica gel thin layer
chromatography using the solvent ethanol: water (7:3,
v/v). As can be sgén in Figure 5, only one ninhydrin
reactive spot could be seen and that was coincided with
the mobility'of glycine. ' \

b) Paper chromatography: the redissolved }yophiliéate

. was analyzed by paper chromatography using the solvent;

\ : ‘
phenol; ammonium hydroxide: water (80:0.3:20, v/v).

As can be seen in Figure 6, only bne'spot of ninhYdrin
reactivé material could be seen and that.das in the
position of‘glycine: ‘

In order to cqgafirm that the lyophilizate contained
glycine, two dimension silica gel thin-layer
chromatography was carried out using the 'solvent;
n-butanol: ‘acetone: ammonium hydroxide: water (10:10:5:2,

v/v) in the first dimension and isopropanol, formic

acid and water (20:1:5, v/v)?in the second dimension.,

'As can be seen in Figures 7 and 8, only one ninhydrin

reactive spot can be seen on the sample plate. The Re

valves of the sample and glycine standard were 0.25 and
0.27 for the first dimension; 0.66 and 0.68 for the
second 'dimension respectively.

* The results from the chropatoérﬁphicAanalysis on -

-1

”~

-
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Figure 5

N '

‘Qualitaﬁive analysis by one dimension TLC

NOTE: All the samples used in heéE are after the
) desalting procedure by DOWEX-50 column and then
A . concentratedsby freeze-drying method.

¥
Physical parametefs: Thickness of the silica gel:

500 micron *

Solvent system used: EtOH/H,0
7 to 3

Time: 2 hours R
‘:Y Solvent front: 1l4.1 cm !
Temperature: 21°C o

Colour of the spots: deep purple

Minimum detection level:
glycine 0.006 ¥ gm
. . threonine . 0.1 y gm

Sample #‘l Glycine standard 10 u gm.Rf = 0.30
# 2 Threonine standard 10 u gm Re = 0.44

# 3 Glycine standard + threonine standard,

o | 10 p gm each R. = 0.32, 0.44
o 4 4 sample 2 ul R, = 0.30
' $ 5 sample 1 pl hf = 0.31
- . % 6 Sample 3 ul Rf = 0.30.
» ‘# 7 Sample 4 ul Rf = 0.31
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Qualitative analysis by one dimension papex
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"chromatography
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34

NOTE: All the samples used in the chromatography are
after the desalting procedure by DOWEX-50 column’
and freeze drying concentratlon

Physical parameters:

* Paper: Whatman #1 paper

’

RN

=

Solvent system used: Phenol/ammonium hydroxlde/H 0,
‘ 80 /

Time: 24 hours
Solvent front: 34 com
Temperature: 21%

Colour of the spots: deep purple
_Minirum detection level:

’

Samgle'

Glycine 0.1 ug
Threonine 2 ug

0.3

# 1 Threonine standard 10 ¥ gm R

#' 2 Threonine + Glycine standard

’ ‘ 10 1 gm each
# 3 Sample 5 ul
# 4 sample 5 pl

/—*-———JI -

R

£

= 0.36,

0.45

Rf = 0036’\

R

f

#:

= 0.36

© o

f

<

= 0{4}

$# 5 .Glycine standgfd 10 y gm R = 0.34
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z Figures 7 and 8
‘% . © 7 Qualitative analysis by two dimension'TLC |
4 o i
¢ ‘ L . ‘ A
% NOTE: All the samples used in here are after the
¥ " desalting procedure by DOWEX-50 column and - , . - .
" . concentrated by freeze drying method. ' .
(f!
a Q - ’/ a . . ‘
Physical parameters:
Thickness of the silica gel‘ 500 micron \
_ ' solvent systems used: ) o S ‘ ] :
J =77 lst dimension n-butane/acetone/NH4OH/H£O % .
, . ? B 10 /10 /5 /2
{ v o "' Time: 4 hours -
Solvent front: 16 5 em . "
' ‘ Rf Glycine standard 0.27
‘ Sample - 0.25 < , )
2nd dimension  isopropancl/formic acid/H,O0
. moe i ‘ 20 / 1 /5
' Rl . Time: 6 houxs : L i
Solvent front: 16 ecm ) L
1
, . B P "~ Rg Glycine standard 0.68 o
o~ - . Sample 0.66 ¥
! ~*




4,

- " ' -
' ) l
I B I —-—l—- pu— >:
2nd dimension solvent front. o
i T 4
. gl &
- - I
"H' g
& ¥
sEot ml ey
v Tea P [¢]
—
. ol |5
- v o o
g| n
S |5
.
' I
' .
. ’ g ﬂl o]
‘ ‘ ] &
x Starting spot gl
I X H[

lst dimension chromatography

o
v




s
: Figure 8
. Sample ' .
N ' ) . .
¢ .

L3
' ~
~
* [
.
- . t
hi . <
. \
. ‘
. .
s
/
. .

) Figufe‘ .7,:
Voo |
Glycine standard

N R TR L

A N
ol W Ceet wm e a w

° ' . R
g e
+
1
5 N
% .

N .
1
Q '
£
*
H . N \ .
¥ 4 .
l .
5
.“ .
5 .
P
E . Y r
,
+ ’ '
H ) \
% .
It .
; . .
.
8
! .
. '
N . N
)
; . .
- 4 1
: +
. s
. c ' « f
DN »
" .
\\
;
A R
. . .
~ )
'
.
+ ’ ).\ *
. \\' ‘
. N
R - AN
- Y .
. L \
- : .o
, . . R
' o v \ N . i *
L : *
e 3 de Ly e
Y A
I~ s
Ny )
\ . . ~ . .
. .
) .
1 . ' Sy L
dv < i ' N . 1 ‘,
A o .
R A,
. P " * . a
g . . .
. ‘ 4 1
- 1 . , ,
M .
. - L .
: - .
. . ' -
’ ' " EE
! L .
: Y .
’ s . . t i
Co-l g, 3 e
. [ \ P L
g f v [ .
- - . ‘A‘,: .
. T . ’, PR e
* N ! o > [
‘ ‘ , PR
U,. ol - Ve f . S AR
T . 7 ' o, -
P y o
- [ : . AN . ,
T o ,
. el I A




<
. ‘e
¢ .

*a e

) v .
< ,
¥ °
h '
i °

;

f
I .
A




/‘

-

K 1

R e s Tl AP

PR - S
o .

using ‘threonine as the sole carbon and energy source. -

-

2

<

1
+

‘.

”

s * tesgt.

qum threonlne and of a sallne control were tested in the ,' ’

.{‘ TE 111 when threonine-was the sole carbon, and energy

. a ] ] . . .
< . source is indeed glycine. Y . -

-

. Besides the chemical chromatography analpsis, a
P . 3ioio§ical measuremenf can be used to confirm the ‘ \ )
exlstence‘oﬁ‘glyclne in the‘culture letrate. - I1E . -
'the eomﬁoundwls'ln fact lec1ne, ‘it should support the A{’u

growth of a glyc;ne-requlrlng mutant of’ E. COll. *To . '

w;thout glycmne was plated on minimal medium agar !
.+ and an aliquot of the sterilized supernataq%;was , ’ &~

- l'drop ed upqQn it Aliquots of standards glycine and ’_\
. P \

same way. AS can be seen in Figure 9, strain AT 2046 ‘ .
1. was only able to growfon'the supernatant and glycine :
U ' s conrtrol but not én_tJ;'threonine and sa%&gg‘controlg(A\\ SR 3

<\ “hgfis confirmed gbat'the*cohpound excreted by strain ' S "ii

- The’ Gradual Accumulatlon of Glyclnq/Durlng Growth

the lyophilizate confirmed that glycine was actually -

PO . .e i

A : ‘ .
;eféreted by the strain TE 111 when the bacteria were ) R

A3

A o - “ /
A

k]

[FPPRGENCIDNEY S

this, straln AT 2046, a straln whlch cannot grow v »

B

o aebn b &

et A

! f C .

Bt o e g NI

A

. 4

.
u < N » . ~

_in Threonlne PR N7 | ‘ .

NS . -

i

'involvbs the obllgatory formatlon ‘of glyclne, glycine

".f‘ sﬁFula'accumulate in the medxum at a rate’ comparable | . 7\\

-

If the use of threonine as the"sole carbon source

[ ~

. A . *
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i T Growth of glycine requiring strain AT 2046 in TE 111
. ‘culture medium. y ' ) \
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with that of cell growth. h .

LTN i

To test this, samples were taken from a culture of

strain TE 111 using threonine as the sole source of

-

carbon and energy at three different points in the growth a ‘ :
» .

cycle: at theé early mid-log pha\s.e‘ (0.D. 15 kl'et;s') at
the mid-log phase (0.D. 102 kle#ts) and at tﬁe
stationary phage (0.D. 195 kletts). Thecsamples were
centrifuged and the supernatants wefe,prepared aqd
chromatographed as described earlier.

Photographs of chromatograms of thls experlment

(Flgure 10) showed that by mid-log, there were

substantial quantities of glycine excreted and by the

 stationary phase, no'detectable threonine remained in

the culture filtrate. .This is consistent with the idea

that glycine is excreted continuously during growth.

| ¢

‘Analysis of The Threonine Catabolism in TE 11l; Using
: - -

The Ratio between The Carbon Source Input And The .

3

Protein Produced As The~Cohparison Parameter-

The preceedlng experiments have shown that for one
molecule of threonine used, only two out of its: four
carbons w1ll be used as .the carbon source, while the
other two will be excreted mainly io the form of
g1y01ne. If this is true, one would expect -TE 111

would use, the same number qj/molec?ies/of threonlne
\
¢

B e
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P
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‘ Figure 10
| B ! . :
3 Qu?litative analysis of the glycine excretion by’ TE 111
using threopine~as the sole carbon source.
; - L
;s Physical parameter:
Thickness of the silica gel 500 micron
Solvent system used: EtOH/H20
71 /3 ‘p
% Solvent front: 16.2 cm i
Time: 2 hours '
. |
) )

Sample # 1 Glycine standard 10 u gm

-~
’

# 2 Sample 1 0.D.| 15 K. U Early mid-log
phase 3 ul

$# 3 Glycine + threonine standard 10 u gm each

Co . # 4 Sample 2 0.D. 102 K.U. mig log "
. : phase 3 ul

e Ly,

$# 5 Threonine standard 10 u gm «
§6 Sample\3 0.D.- 195 K.U. stationary phase 3 ul“
. £ 7 Glycihe standard 10 u gm |
"¢ 8 Threonine standard + Glyclne standard 10 u

gm each ‘ e .
$ 9 Sample 2 mid-log phase 3 ul

©
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or acetate to ﬁakg'a giygg amount of cell materiai
ralthough threonine is a. four carbon compouhd and acetate
is a two carbon compéund. Thus the effié&éncy of using
threonine as 'the :carbon source should be equal to that
using acetate as the carbon source when éxpressedq;s
mi®ligram cell protein formed per micro mole of the
substrate. Theknext experimgnt will show that this is
true,

‘ w Threonine (concentration range from zero to 3
mg/ml) , was used as the sole carbon and energy SOQrce
for TE 111 cell gultures. After the cultures ha§
reached stationafy phase, the cultures were
centrifuged and the protein content of the p€llets was
determined. §imilarly,'sodium acetate (csncentration

) range from zero to 0.4 mQ/ml) and glucose (concentration

range from zero to 0.5 mg/mlTﬁwe;e used as the sole

-

carbon and energy source in strain TE 111 bgéteri514
’ cﬁlturg: The experimental ré;ults are shown in Figure
11. ,
| When threonine was supplied in the range from zero
to 3 mg/ml, the protein content of the cells at
E stﬁtionary phase was proportional to the "amount of the
threonine provided..'From'this relationship, it could

be ¢alculated that strain TE 111 used 93 4 mole of

threbnine'to produce one mg of protein. Slmilarly,

e
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Figure 11 , ‘
. ‘ ' .
By culturing strain TE 111 in limiting amount of

threonine, this was found that strain TE 11l needed
ran

93 u mole of threonine to produce one mg o protein...f
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the cell growth was proportiondl to acetate added in

the range zero.to 0.4 mg/ml, and glucose added in the
From these relationships,

|

: e t .5 .
', ‘ ”rang zero \510 mg/ml ;
A it could be calculated that strain TE 111 used 95 y

mole of acetate or 40 U mole of glucose’ to produce one
mg of protein (Figures 12 and 13).

The carbon dose and protein yield experiment

a

- showed that strdin TE 111 needed equal number of moles,
of threonine and acetate to produce an equal amount of
j ‘ - . - protein even' though threonine is a four carbon compound

and acetate is a two carbon compound. This is consistent

. with the idea that half of the threonine 'carbon’ is not

; metabolically useful:

S _ Analysis of Threonine Catabolism in Straln TE 111 Using

. Unlformly Labelled !*C Threonine .

" I%. order to study quantitatively the -

I

relationship between threonine catabolism and glycine

excretion, uniformly labelled !*C threénine was added

% e e e e

q\; as thé& sole carbon source in strain TE 111. The

> distribution of '‘C at the statfgnary phase in the

¢

~ culture medium was examined.

\

In this exberiment, strain TE 111 was provideh

)

P e e e

mg/ml.

© . with 6.91u Ci of uniformly labelled!‘C.threonine, 2

At this:éoncéntration, the only limitingw
’ "N

\

[ VR

et < e i A

a2 ANy e -y




« a -
. .
.
.
. .
»
L33 N
. f
; 3 ! 49
!

. N

»
" .
3 \
: kﬂ‘
]
- . ]
[Y
- .
. N
\
3 ' [ 3\

® LY . .

- N )
.
.
*»
J .
1y
‘ v
Y -
>~ .
L]

) 7. .Figure 12 . . S %

°

Ll

By culturing strain TH 111 in iimiting amount of acetate, 'i'\..;‘

¥

N
this was found that strain TE 111 needed 95 u mole of )

acetate to produce one mg Of protein. -
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By culturing strain TE 111 in limiting amount of’ o I

RDR NS i

g],.ucose&?"ﬁﬂig was found that strain TE 111 needed ‘

40 p mole of glucose to produce one m§ of protein.
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facfor for the-bacterial growth should be the carbon

sogﬁge, threonine. At stationary phasé, L.2 yu Ci coqid

be found j e cell pellet and 3.73 U Ci in the

supernatant. This corresponds to 73.5% recovery of

total !'*C added. The supernatant was desalted in

' DOWEX~-50 columﬁ‘qith 88% recovery of '‘“c, of which

"x

0.28 u Cci (8%) d1d not adhere* to DOWEX—SO at low pH
ysed, and 3.06 u-<Ci (92%) adhered and were eluted w1th

ammonium hydroxide. This eluant was lyophlllzgd

' (recovery was 868), 2.65 u Ci and the'lyophilizgd

"excreted by the bacteria. ,

powder wés analyzed by paper chromatogréphy, ‘The.;otal

recovery of '*C on the glycine and' threonine zones 83%

of which 88% was in the glycine sbot and lZ%pin the

threonine ébbt. ” | o
Alﬁhough'only‘73 5% of the ‘“C'thrﬂghiqe added’

Qas recgvery in the pellg{l 1 ‘

the Experlment 1nd1cated that much of the threonlne

added to the bacteria cultures as the sple EArb_on and

: ' .
energy source did end up in the form of glycin€
%,

<«

and the cultﬁre supernatant,
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VL 7 - , v .Figure 14 s
N ‘ . Analysis of threonine catabolifm in strain TE 111 using '
A | uniformly labelled **cC-threonine : -
S ’ | y ' I o
. Total " ’'C-threonine input = 6.91 u Ci o ‘
[ . B ’ 1 o, o - ‘
: o JGrowth until stationary phase 0 . s \
I : Recovery of radioacti.vity = 73.5% . o M
' . i . Radioactivity in pellet = 1.3 C:L\’7 ‘ I "
v ) i Rad:.oactxva.ty in supernatant = 3.78'p Ci - /‘ .
. (‘; ° .. A : a l . ) “. TN B B R ‘ .
F - DOWEX-50, desalting process ' , St ‘
. Total rad:.oactw:.ty recovery = 88% : '
. . . L~ -Rad:.oact:.vu:y in the washing acetic acid =028 u Cl T .
\; b Rad:toact:.v:.ty in the NH OH eluant = 3.06 M Ci ..
PR ? “ i Al A » 8 ) .
| e , : - S RN N
‘ Lyophilization ;o . . ‘ ‘
v Total radioactivity recovery = 86%, 2.65 u Ci .
. . ", . ' : ' ‘ v i . ) - . .
“ i .: l'z [ v . * L - . .
¢ ] “ One dimension paper chrmpatography > : '
‘ . o 'J.‘otal recovery in radioactivity =- 83% Lo
In glycine zone = 1,86 u Ci L . . ] ’
Ao &L In threcnine zone = 0.26, u Ci v , . - 2
. '
;\ d
‘I
-; <




i . N s 5
“ - .
L N
4 ‘ s ' 4

] 1 -

Part 2: Enzyme Purification

TR
! . 'The experiments~described~in the first section of

" this thesis showed that aerobic threonine catabolism jn

E.coli K12 is initiated by’threonine dehydrogenase, and.
— . \ "\]

"ythat the further metabolism of AKB is via the glyclne

route' in whlch 11gase cleaves this four-carbom

* © , unstable 1ntermedlate into glycine and acetyl Co-enzyme’

A. Acetyl Co-enzyme A is then the_actual carbon donor

i

to the general metabolic pathways. Thus, two enzymes,r

TDH 'and ligase are responsible for threonine metabolism.

In the expéfimen;s'described-next, an attempt was made

to purify both of phe enzymes aod,TDﬁ waS'characte;ized, v
. L'd . .

4
FEE N !
A . I

‘in some detailgs.

3

K" Comparison .of Two Assays for NAD-Dependent Threonine .
" ™ ; ; e ]

Déhydrogenase Activity

N

. .
1 ¢ . €

TwQ methods for the assay of‘TDH have been ,
descriﬁed One is a colorlmetr1c method workimg .on -
the prLHCLPle?Of detectlng as*"b acetope ;; the "assfy
mixture (Urata & Granlck Q31962). ~The actual product

of the oxidatxye reactlon is HKKB which is unstable 1n

sﬁgutlon and by non—enzymatlc decarboxylatlon ylelds
§e
> amino acetone. . The. second is a spe tr0pbotometr1c

method\yorking ¥n the Princlple of m ﬁitorlng at 340

P

nm, the change in the, optical densit of the ass%y
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Y
mixture due to the reduction Qf NAD to NADH. However,

due to the high NADH oxidase activity in the crude

-

extracts, the spectrophotométric method co6uld not be

used. It could be used oh partially purified.

-

preparations, presumabl§ because TDH was separatea.

from NADH oxidizing enzyme(s) in the firgt.purification
L 4 . g ;
procedure. ) - .

The colorimetric’enzyme assay method was used

- routinely during the pur)¥fication procedures and the
- Y
spectrophotometric enzyme assay method was used to

ot characterize'the enzYme.' The estimatiqns of énzymatic

activity, given by the colorimetric and the
. spectrophotometric methods were generally consistent
. ' I

(Elliot‘& Green, 1964 and by the author).. Both of.thé

-

( € enzyme assays were very sensitive and can deétect the

; , it
enzymatic products af the level of 1077 M.

b

« Attempt to Purify TDH in E.Coli. Strain JEV 73R by

- f

Ammonium S}%phaté Precipitation
Threonine dehydrogenase was very stable in trude
extracts. The crude extracts could be stored at 4°C
fof one week or dialyzed against distilléd Qater for
24 hours’ without losing more than 15% of its activity.
Thebfirst gtteﬁpt td‘purify TDH was by ammonium

sulphate precipitation. Crude éxt;acts were *




S | Figure 15 -« \f

. N ] . . '
The. activity of threonine dehydrogenasé (TDH) during
fractionation of crude extracts by -ammoniam sulphate.

o

TDH activity was determined: at 20%, 30%, 40%, 50% and 60%
~
of ammonium sulphate at each addition stage. TDH remained

~soluble up to 20% and it started to precipitate between
40% -and 50%. ammonium sulphate. No TDH activity remained

in the 60% ammonium sulphate supernatant.

o
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fractionated by slow addition of ammonium sulphete

r

crystals. -Although ammonium sulphate interfered with

"the dolour forming reaction between the amino ketone

. procedure.

and the Ehrlich's reagent in the TDH assay e degree
of’ lnhlbltlon was not}a functlon of thd ammonium
sulphate concentration in the assay hlgher than 20%.
TDH activity was determined on pellets(
preeipitated at 20%, 50%, 46%, 50%, and 60% of'ammenium
sulphate saturation at each "addition stage. As ean be

Al

-t
seen in Figure 15, TDH remained soluble up to 20% and

it started to precipitate between 30% to 40%\with the N

il

peak of the precipitation betWeen 40% and 50% - ammonium
sulphate. No TDH act1v1ty rema?:;d in the 60% ammonium
sulphate supernatant. In later experlments,\?DH was

‘ . \ q .
found to precipitate mainly between 353 to 50% ammonium
sulphate concentration and this range was used

CTa 7 .
routinely as the first step of the purification

w

'Attempt to Purify Threonine Dehydrogenase in E.Coli

Strain JEV 73R by The Sephadex G100 Gel Filtration
: . ~ Y

After the ammonium sulphate precipitation, the
pellet needed desaltlng before’ further purlflcatlon.

Thls ls partlcularly important smnce ammonium sulphate

S

interferes with thé’determlnatlop of amino acetone. \‘/1 ‘//

.
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One would th;nk it was logicél to use sephadex G100 éel

filtration to do the desalting thus purifyin§ TDH

;> N furtherrby separating pfoteins by molecular gieight at

the same time as salt is heing removed.

N " ‘ Several unsuccessful attempts were made to follow

. ‘ TDH activity by chroﬁétogréphy t;ude extracts on \kl

sephadex Gl100. These gave very low rec;very

} * distribgted in twokpeaks in the collected fractions.

Both the composition of the eluant buffer and the rate
.~ of elution influenkced recovefy. If the elutiné 5uffqr

N was 0.05"M phosphfte buffet?ih/7.2, no threonine .

dehydrogenase activity was detected in ény of the, - o

fractions tested. If the eluting buffer was 0.05 M /

-~

phosphate buffer pH 7.2 with 0.2 M KCl, about l4§\of

B e
.

threonine dehydrogenase activity was recovered. The

MY
most Successful formulation of the eluting buffer Was

S TG A

phosphate buffer 0.05 M pH 7.2 with 0.1 M KC1 which \,

e

" resulted in no less than 75% and usually 100% recovery,
g g "ali in one band. In addition, the speed of the élution
was.ﬁhe,ﬁthef iﬁporﬁ*nt factor in this-precess.
Accordlng to the: Lnstrfztlon from the suppller
~ . (PhamaCLa), the maximum flow rate for. sephadex G100
at the obtimal operating pressure‘was 72 ml/hr for a.

column with didmeter 2.5 cm and 234 ml/hr for a column -

« with diameter 5.0 cm. The column'actuglli used in ,
" %,-@t\\ . : . "
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the gel filtration experiﬁent w;s 3.6 cm in diame£er.
Whén tbe correct buffer was used with a flow rate
about 63 ml/hr, two peaks with a “total activity -
recovery of about 18% were detected. When the speed
of elutlon was reduced to about 10 ml/hr, TDH activity l

was found in one peak w1th a recovery of above 75%.

Attempts tolPurlfy Threonine Dehydrogenase in E.Coli

-Strain JEY/;3R by The Combination of Ammonium Sulphate

Precigitation And Sephadex G100 Gel Filtration

" The pellet obtained between 35% to 50% ammonium '
sulphate precipit&tioq was redissolved 'in 2 ml-of
"phosphate buffer and applied to Sebhadex G100 ‘column.
(3.6 x 64 cm). The eluting pattérn is shown in Figure
16. gs can be seen, TDH was retained by Segﬁadex G100
and eluted from it in fractions just following standérd .
adolase, M W. 159 000. From this, ‘the ﬁolecular weight
of TDH was estimated to be around 141 000 daltons
+(Figure 17). The'speclflc apt1v1ty of TDH was
increased by, a factor of 10 Eo‘12 (specific activity
&increaseq f;om 0.3 to 3.5 mM/min/ﬁg'of protein) after‘
these combined purification steps‘hith usually 100%
recovery of TDH éctivity. ‘ '/“\5 : Ny,
L 3
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C L - © Figure 16

0 . -
8 . E)

S - ‘ 'u
Elution pattern of “threonine dehydrdgenase (TDH) on
Sephadex G100 gel filtration éftgr 35%~50% ammonium

splphaée precipitation éreatment.‘ 10 ml of strain JEV
-~ v - o \L_._—————/‘M
73R crude extract were treated with 35%-50% ammonium

: . \ p
sulphate .crystals, stirred for 30 minutes before the = .

:Q\ 'centrigugatién at l0,000‘rpm for 30 minutes. Théﬁ the
pellet was redis§olved ini}.ml of pho;phate buffer
before added td'the Seéha&ex.GlOOIg;l filtration cdlumn‘n

(3.6 x 64 cm). ;he column was eluted with 0.05 M |

: ﬁhosphape buffer pH 7.2 with a‘& M KCl at 49C with éie

) elution fatefof‘}o ml/hr. (approximately 3 fractions/hr).
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j i
Calibration curve of Sephadex G100 column>{3.6°x 64 cm)
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using blue dextran; M.W. ‘2,002,00(}; ‘catalase; M.W. Lo j}
250,000, aldolase; M.W. 159,000, D-amino acid oxidase; 1

M.W. 90,000, and RNAse; M.W. 13,700 as the standard

. . '
prote\ins; The molec\ular weights of threonike

daNl,tons resgectz.\’rely/\t a7 o R '\
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Charaég;ristics of The Partially Purified TDH .in E.Coli.

o
Y

Strain JEV 73ﬁ- .

Afts; the purlflcatlon step of ammonium sulphate
[
pre01p1tat10n and Sephadex G100 gel filtration, TDH
a
was sufficiently free from NADH reductase to be assayed

by the spéctrophoﬁomeff%g;ggbhcdxk'BX.this assay, the r
~ ‘ .
ﬁichaelislﬁconstant fot NAD was me&sured as 63 uM

(average pf‘56,'58, 77 uM). Michaelis constant for ®

'ﬁithrédnine was measured as 3.18 mM (;bagggg of 2.7, 2.71,
¢ a

~and 3.0§ mM). The curves of both NAD and threonine
concentration against Gelocity showed typical Michaelis

curve with no indication of sigmoidal character -(Figures

-

18, 19, 20 and 21). ' '

R \

Inhibition Studies on Partially Purified .TDH

o Varlous compounds related to threLa&ne catabollc
: pathways or to proq;&ted attempts at afffLLty

chroma;og;aphy were tested as possible effectors of

w

TDH_activity. Those were tested with 30 mM threon{ne

.and 0.5 mM NAD and also with 10 mM threonine and 0.33
L . ‘ , .
mM NAD,' Inhibi%i;n studies were -routinely carried out
n

t

by puttlng the inKibitor into the assay mixture two

.minégggi g% thekgnéyéat}c reaction had star?ed and’
observing\ ichange 'pf the enzymatic reaction rate ¢

for anothgr two minutes. The compounds chosen for

Iy . %
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,Plotting threonine dehydrogeﬁ;se (TDH) enz
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5
tic rate

against NAD concentration showing a standard Michaelis
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curve. This indicated t@at'thefe was no homotfzpip
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stydy were L-serine%k3.i7 nM), glycine (8.8 mM),
L-leucine (2.54 mM) , Co-enzyme A (1.5 mM) | blue dextran
(0.16, 0.8, 2.72 uM), and 5 A (1.9 ). No-
inhibition or activation of TDH atfivity was observed

in. any of these cases. e \\-

Other Attempts to Purify TDH from Strain JEV 73R Crude

Extrects ‘ . ' )

&

‘Several attempts weére made in order to purify, TDH

-

from the crude extracis other than ammbnium,sulphate
4

precioitation aq@‘Sephadex,GlOO.filtrat;on, They

included two methods %hich actually eeparateh ; . fJ

pfoteins; ion~ekxehange chromatography and affinity

. chromatography, and aiso attempts to concentrate the

proteins by ultra-flltratlon. , . ‘

-

Attempts, to purify TDH by lon-exchange methods.

'Basically, there “ark two kindg of 1on-exchangers, ¢
anion exchanger and catlon exchanger. In this work,,
CM-Sephadex was used as a cation exchanger and

‘ DEAE-Sephadex and- DEAE-celLulose were used as - N

anxon-exchang?rs. .
. * )

'LLike the'mejority of proteins, TDH did not stick

o

to CM-Sephadex at 0 05 M phosphate buffer pH 6.0, .

. Therefore, the cation exchanger, CM—Sephadex, coul

nog bepueed.fé P?rify TDﬁ.- TDH did adhere to'bgth,
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' DEAE-Sephadex and DEAE-cellulose columns bué‘could not

g be removed.. In each case, the column was equilibriated' AN

with 0.01 M Pris-HCl pH 7.2. Two graéients of

*

lncreaSLng ionic strength were tested w1th each anlon

exchanger-‘ one was a buffer gradlent‘(Trls-HCl

. 0.01-0.5 M, pH 7.2) and the other was a salt gradient :

L2 . )
of Tris-HCl buffer 0-1 M KClvin 0.01 M Tris~HCl, pH 7.2. -

No more than 15% of . TDH activitylwas récovered in ahy.¢\f

A

-,

Caﬁe . - . . . * “ F

v

" One might propose three possibilities to accou@é

~ for the Low actiGity recovered in’the column eluants, 2 !
1)

.

TDH was Stlll in the column and not yet eluted ., . .~

even at 1 M KCl of RS M Trls-HCl buffer at pH 7.2.

.2) TDH did elute from,the column. However,.the
\ “ . . >

s v

\

\k enzyme' was in a high salt environtlent which mighy. . - . =
interfere with enzyme assay.' A o T

3) TDH was 1abile in high salt solution.
The fmret poSBiblllty was . e11 nated by eluting

the ‘columh further with higher concentrations of eluants ’ S 5

. .
1 M'TrIS-HCl or 2 ‘M- Kcl in 0. ol M. Trls-HCI buffer) with’ -2 N

e V"? ? ".< ‘ :
" no TDH detected in the. eluant..an» rooT ' ' "~ S

PR o "' v ’ *
' ”‘l;' The aecond possibzlity was eliminated by addlng
X..

", KE1 'to the conventional colorimetric enzyme assay, ,As., R

can 'be seen 'in Figure 22, the enzyme assay is(gg;‘_ . b ) ‘a;‘

K

altered‘by the addition of zero to Q 45 M KkcCl, - S -:i ‘;f;'
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z}f.tivity of threonine dehydrogenase (TDHYX in differ%;xt -
LS R .
R salt concentrations. By using colorimetric. enzyme assay,
’ ) " v s ¢ :';‘.'f-‘ ' ' , LY
.+ ' TDH enzymatic activity was assayed in different salt’
f % concentrations ranged’ from 0 to 0.45 M. There was no
oo indication that TDH assay was:affected by the salt. . ‘
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The third possibility was investigated by diluting

s v

the,c§ude exttacts ten-fold apd exposing the diluted

solution to various concentrations of KCl, ranging from

e e e e i o
.

.0 ~-1M. Threonine (0.05 M) was added to test whether

it could stabilize TDH in high salt solution. The

diluted enzyme solution was incubated at 4°c and TDH
. ‘ /
acthlty was 'tested at various times(o, 24, 71, 94,
»

~and 144 hours) after the, exposure. As can be seen in

fi"'igures' 23 to 28, 'I‘DH wasﬁebile in high eel’t solution

and could be stabilized by .0.05 M threonine. In

adéition, the stability effect of threonine -on TDH was
i shown very, clearly in Figure\fé. Afte;\71 hours of

. L high salt exposure, no TDH was detected in.1 M KCl

solution while nearly 100% of TDH activity was

protected by 0.05 M threonine at the same salt content.
- In additﬁon, as can be seen in Figure ‘30, the ha}f life

of threon\he\aehydrogenase was inversely proportional

ot e s
>

- ‘td the salt concentration of the solution.

. l - Threonine ptotection of TDH could be denonstrat;?
further Ey using.thteonine ashthe protecting agent in
the purificatiqn of TDH on DEAE-Sephadex. Three ‘ml of

” \‘.coli strain JEV 73R crude extracts were\added to -}.‘
DEAE-Se%Eadex columh (3 6 x 32 cm) which was .-

' | quilibrated with 0‘01 M Tris-HCl pH 7.2 contbining

’.?: f;;;;‘ 0.05 Mﬁ,“reogine. After\eboutﬂso mlxof the 'same

\omoene s




.

, protecgionq€§2inﬁ'by“threoniné after 71‘hr‘of salt

' exposure.

I P

~—\— Without

. With 0.

Figure 29
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Figure 30 ‘ * .

- v

’

Plptting the“threonine.dehydrogénase’(TDH) half-life

against the corresponding salt concentration.showing;

: £ g - . : .
Jjgg}stability of TDH is inversely proportional tp the
SR ' “ " ' ' o o

'salt concentration in the solution. ' v} : "
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buffer was added to wash out those proteins which dld
0O
not adhefe, the column was eluted w1th the buffer

gradlent at pH 7.3 Tris-HCl 0.01-0.5 M containing

)

0.05 M threonine as tﬁe,protecting agent. The elﬁtion

pattern was shown\in Figure 31. The total TDH activity

reoovered was 74%. TDH specific activity had increased |

r

60 fold from 0.3 to 18 mM/mmn/mg of protein in the most

purlfled fractlons. Thus, TDH ogp{d be purified in

DEAE-Sephadex using threenine as.the«protecting agent,
. N ' ‘ i N
However, the puxified TDH was labile and no desalting

procedure could be successfuiiy applied afterward toi
lower the salt as well as the threonlne content "The
desaltlng proceduree tried were ultra-flltratlon and
dlalysge against 0.01 M Tris-HCl buffer. When th

same ultra-filtration desalting procedure was tried °

with ctude extracts, TDH was not labile. A 'XM 100A

membrane retained TDH. No‘TDﬁ was found to adhere to
! ; : Lo

:the'ultra-f;}ter membrane.

Attempts to purify TDH by affinity chromatography.

Various' attempts have been made to purify TDH by:
affinity chromatography, though with limited success
(Lowe, Harvey, Gaven,'Herfoot, Hollows & Dean, 1973).

'Since TDH needs both threonine and NAD as 1ts

‘ substrates, it is possible to use either one of these

‘substrates or their analogs as the ligand.

‘,910

|

N
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The elution of TDH from 5EAE—Sephadex uSinq/thfeonihe“‘

as proteotive agent. Three ml of E. cOll.wStraln JEV

73R crhd? estracts were added to the coldmn (3.6 x 32 cm)
é

which was equlllbrated with 0.01 M TrlerCl pH 7.2

.contaJ.nJ.ng 0.05 M’ threonlne.t After about 50 ml7of t e

/ coe

same buffer added to wash out those proteins which dld

1

not adhere, the column was el‘uted\wx.t.h} the buffer :

L) /
'gradient at’ p;I/ 7.2 Trls-HCl',0.0l-O,.S M contalningA 0.05 M*
4 ‘ I :
' threonine as thé protecting*agent. ‘TDH ‘specific actlv:.ty
‘ ' (_I»L
Jad 1ncz;eased 60-fold in the purlfle%fractlons. The

total TDH acé‘lv:.ty recovered was 74%. - Ty

—m [ ‘Protein cqontent

/
——A-7/- TDH activity

L]
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As can be seen in the'previous experiments, the .

Michaelis constant of TDH for threoninéﬁis 3.i§ mM and for

-

NAD is ‘63 uM. . Therefore, TDH has a higher affinity
for NAD than that of threonine. As stggested by Wu and

Graves (1975), the cr1t1cal Ki betweeq the yggand,and-»

§  the enzyme should not be. hlgher than 107° M in order to ' \

.apply affinity. chromatography. Therefore, both

threonlhe and NAD are capable for using in affinity’

- e 0

.chromatography, but NAD can serve the purpose better

x

- ;
it i SR
. .

—

because of fhe lower Km. Attempts to use ¢ ' B

threonine-agarose and NAD-hexaneiagarcse are described

t

here. : N . - / . R §
1 . - E . . M

IN . . .

) {‘Th?ecnihe—agaroée (Sigma Company, stock number - '
T 0387) was packed in a Pasteur pipette and | .
‘Rgulllbrated thh 0.01 M Tri%-HC1 pH 7. 2. One ml ‘of ‘ \
strain JEV 73R crude extract was added to the dolumn, T\ : e-f
whlch was. then washed with 10 ml of the Tris buffer
| at a rate of 0.3 ml/min. TDH did not adhere to the
-

column under this condition. All the enzyme activity

could be detected in the washing buffer.

»

NAD-hexane-agarose (P—L Blodhemlcals Inc., AGNAD‘
Type I) was packed in a column (1.5 ¥ 10 cm) |
equlllbrated w1th 0.01 M Trls-HCI pPH 7.2. Two @{.of
strain JEV:73R crude extract were added'to'the column,
Mich was then washed with Zolmi of the Tris buffe¥7 ; CoL

v 3 '
v N . LY
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»
¢ , Then the column was eluted w1th two addltlons of bufferi“‘ ‘ o,

“ a9 ml each, contalnlng 2oo&um and 500 UM of NAD. ' o

respectlv%:y. About 14% o

.the TDH_activity was f
N £

-discovered in the 500 uM NAD buffer. The protein
£ - ‘’ .

N content in the wash;ng buffer and those in the

'NAD-contalplng buﬁﬁers suggested that nearly all the

;tma

” Q; proteins had been eluted out from the‘column The

o T experiment was repeated usmngfiﬂ% glycerbl 0.01 M Tris -

4
o R

PH 7.2 to equlllbrate the column as well as the
‘ .

L ,( elutlng buffer The  recovery of TDH aet1v1ty was

’
RTINS R L

R Stlll low. It appears that TDH is unstable in these

LR

. ', conditions.. ' _ - . Con .. - ‘
~ ) - ¢ . - . . .

-

‘D;fflcul ies in Further Purrflcatlon of TDH

In these studles, TDH was partlally purified

"?
| - |
. from the crude extracts 10 - 12-fold by the / ‘E

combination of amﬁonium pregipitation between 35% to AN : é
-\ © 50% and Sephadex G100 gel flltratlon. On the other g
- | Mand, TDH was alsoé purified 60 fold. by DEAE- Sephadéx : ?

lonaexchange column using threorfine as the“protectlng

\
¢,

agent. However, when -the partially puxi d TDH from o

the Sephadex GlOO column was applled to the DEAE- Sephadex

‘ cqumn equmllbrated w1th threonlne containing eluant,

Rl

' no TDH act1v1ty was detected in the eluted fractxons.

+ . + When the partially purlfzed TDH from the DEAE-Sephadex

I3

-




1

. However, llgase was ﬁo

1on-exchange column was applied to the Sephadex G100

column equlllbrated Wlth or wﬂthout‘threonlne as the

protectlng agent no TD%%act1v1ty gas detected 1n any

4

of the fractlons collected * The reason for this was

‘ not known. In any case, "1t showed that threonlne alone

was not enough to protect TDH in extensive protein
purification steps.’ ' o o

. ‘ 3 Dot , ‘
Attempts to Demonstrate The Existence of Ligase in . -

. Q ) °

Extracts of E.Coli Strain JEV 73R . L ®
. . A Y
In the previous investigation on threonine

catahoiism, TDH and ligase were considered to be

responsible ‘for the conversion of threonlne to

RS )

acetyl’ Co—enzyme A and glycine (Newman & Fraser, 1975).

vitro. In work, ligase enzymatic activity was |

) B . )

slown, for the first time, in a partially pyrified

“preparation of exté%ct of E.coli ‘strain JEV$73R

Tﬂéoretlcally, llgase can b% assayed in thh N

[

dlrectlons. Due to the 1nStab111ty of AKB 1t.1s more

convenlent to assay llgase usxng acetyl Co—enzyme A

"

R ‘1.\.

and glyc;ne as the substrates and to determlne the

v LY

amino acetone content in the z.ncubat:.on mlxture. In

all the assay mlxtures, 5, 5'—dlthlo-bis(2—n1troben201c
{

acid) was added as the coupllng reageht of Co-enzyme

¥
. . P

actually aSSayed in g.coll-uigv'

AR Tl S e Bl St
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A whigh is formed as the product of the reactioﬁ,'

. -

Co-enzyme A is an inhibitor of ligase in Arthrobacter .

(McGilvary &°Morris, 1971) and might therefore interfere’

with the assay as it accumulated. . A
B . . \

After several attempts to show ligase activity in
crude.extracts; it was concluded that ligase enzymetic
activity could not be demonstrated in the crude extracts

v

due to the fact that the deacylation of acetyl Co-enzyme

(PTA), for the substrate. If this were so, in order to
deTonstrate ligase activity,‘tﬁe enzyme should be
separated from PTA or inHibitor had to be added to the
assay mixture to check the ection of PTA. In this‘wog¥,
d ' . ’ LT |

the enzymes were separated by gel filtration.,

"To do this, 3 ml of the crude extractSCWere added

to a Sephadex G100 column, (3.6 x 64 cm) which was

. * ek .
equilibrated.with 0.05 M PO, buffer, pH 7.2 containing

LS

0.1 M KCl before elution with the same buffer. The -

‘collected fractions were assayed for TDH, PTa, azd
i

ligase (Figure 32ﬂr Ligase activity was, detecte in
/

J
one singie band between fractions 40 50 correspondlng
to M.W. 79,000 daltons. .PTA appeared in the vo;d N

volume of the elution while TDH was detected in

A

o BT AR 903 e e b M S s

[
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«

“ex;racts were added to the colﬁén and eluted by 0.05 M

fr

‘s

Figure 32

2

Elution’patfern of ligase in aSephadex G100 column

A

,.

LI .

PO, buffer pH 7.2

containing 0.1 M KCl. Threonine

(3.6 x 64 cm}. Three ml of strain JEV 73R crude

\

9

,dehydrogenase (TDH) , a-amino‘ B~keto butyrate’Co-enzyme

A ligase (ligase) and phosphotransacetylase (PTA)
e C ’

G

" activities in the collected fractions. were assayed and
. . » Q - .

their corresponding prdtein content were measured.

\ -
——
——

’ AN

ligase ’ - .
, TDH , R v ‘ N LoE
Protein content . | : ’ .
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'-fréctions‘35 to 40, - A ‘ . : . . T o

For the prellmlnar%//haracterlzxon of ligase,v *
fractlon number 43 was used. It was shown that . the

amount of amino acetone ﬁormed by the assay was -

actually dependent on the amount llgase used in the

3

assay°(F1gure 33). The Mlchaells constant‘@f acetyl

o L
v

Co-enzyme A was estlmated by rassaying amino acetone

prov1d1ng the enzyme with a constédnt amount of glycine

[T ARE g TR T

(40 mM) -and-varying the concentration of acetyle

Y

st

. Co~enzyme,A. This gave a value of 3.1 x 10™° M

(Flgures 34 and 35). -This must Se‘taken as a . ' : ]

Kprellminary est1matmon since the exper;ment was

o
Y

L' Ry
carrxed out once only.r The Mlchaells constant of S .
1 )
glyc;ne cculd be determined 1n the same aSSay. R N

ey B TS s

Howeyer, all ‘the preparatlons of gly01ne tested .

produced color 1n the aman'acetone assay. This ‘makes

S e AT e T b Pl

an accurate estimation of the Michaelis constant for ,
glycine very difficult. ' . - o E,
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' Plot a-amino BertO—butéfate\ColegzymeﬁA ligase t

enzymatic rate aqainst_acgtyl'Co-enzyme A concentration

.

showing a standard Michaelis curve.
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2 - . Figure 35

* ‘7 “ i
/ . . ‘/' o i N
’ A L#ﬁeWeaver-Burk'plot to show the' Michaelis constant i
. B - . . 3 H
. of acetyl Co-enzyme A for a-amino B-keto butyrate ' (' " f _
Co~enzyme A ligase. The Km~found in this plotting was h i
4 - ;
] . . . .

3i1 x 10°° M, . " - ]
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DISCUSSION

o

‘It is characteristic of
Scienge and Progress that

they continpally open new

e ., fields to our vision.
' / ) s
- "
Pasteur

Can:g.ggli use tHrésnine as its sole carbon tnd
energy| source? That'it the starting question of the
thesiél‘\ihht\this is not a far fetchéd idea in indicatéd
by prebious experiments which showed thgj/E coli ié T
capable of threonine catabollsm .at least at aﬂlow rate

”
suff;CLent to supply the glyc1ne requlremen!!of an E.

coli serlne‘transhydroxymethylase (STHM) -deficient mutant s

AT 2046T (Newmép & Fraser, 1975). It was then shown that

the threonine could be catabolized to a more quantitativ’}y

significant extent so that the amino group of threonine
could be used as the sole nltrogen source of the bacterla \
(Newman,'Kapoor & Potter,01977). Use of threonlne as the

\
sole carbon and\energy source might involve an even higher = .

rate of threonine catabolism. This experimeny in this

P
-

thesis address the question of how E.coli mi deal

with this problem. Two enzymes related to threonine . | .
. . ° o Y
catabolism were partially purified and in vitro . '
{ ’ ’ "N

. ’ b

i He ’\

et

ek
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-
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- B . A v

characteristics of one of them, NAD-dependent threonine
L I ' .

dehydrogenase (TDH) were determined. By in vivo .

' * . ¢ : v

studies of strains which use threonine as the sole . A
source of carbon and enerqy and in vitro studies of
. —— ——————
the enzymes involved in the catabolism, a clear picture . .
‘ . of -aerobic threonine catabolism was made. .

§ ’ . -
—~

’ " part l: Enzymology ' o

»

Demonstration of Ligase Activity ., l g

The previous experiments on threonine degradation

‘\led ty the proposal that the>use of threonine as the

s

sourcqg of elther nltrogen or glycine depends on the
. [

- .

-t

reactiyn of two enzymes: TDH and a-amino-B-ketd butyrate

Co-enzyme A ligase (ligase). TDH has been directly

assayed (Newman & Frasef 1975) However, until this

work descrlbed ere the role of ligase was %nferres

but ligase act1 ty had not been. demonstrated . : v

&
|

~In this work,

llgase act1v1ty has been conclusxvely

demonstrated in vitro in Strain JEV 73R.

However,

this

could be agcomplished only in partlallf\puriflea
. preparations. The assay used involved prov1d1ng acetyl v i
\ Co-~enzyme’A and glycine as substrates, so that . . "
aiamino—s—kete butyratengKB) and Co4enzyme A ceuld be
Hq&éver: I

produced. Co-enzyme A ig known to inhibit




{

. T -

&7

t e

v

¢ v

ligase in other organisms as Arthrobacter (Mcgiluray, .

To avoid the inhibition by .one pfoduct

Morris, 1971).

of the reaction, 5,5° dietho—bis(Z-nitrobenzoic acid)

-

(DTNB) is also provided. ‘Th%acts with the

Co-enzyme A produced, releasing a yellow

p-nitrothiophénol anion. Thus the réaction
b

ﬁroduces two assayable compouﬁds: the . CooT ~
p—nitrotpiophenbl aﬁion which absorbs I¥ght at 412

nm and- the amino acetone which can' be assayed by

P n

Ehrllch's reagent. S o~

® Attempts to show amino acetone produced by crude

&

w

extracts from glycine and acetyl Co-enzyme A were all

unsuccessfulﬂ However, thé reaction mixturesg could
] . ~ PN

be seen to turn yellow - even thoujﬁ no glycine was .-

r

" collected from’the column.

S
A}

added as substrate. It seemed then, that.the extracts

contaihed:an activity which deacetylated acetyl . .
Co-enzyme A‘without carrying out the ligase reactioq.'
This could'effecti\;ely block 'the’eg;iga;s'e reaction by

-

rapidly decreasing the amount of acetyl Co-enzyme A .

~ o a
o

~available as substrate. - a. ) '

*
* ] M

HOWever, when the crude extracts were eluted from
~

"a Sephadex G].OO column, am:.no acetone productlon (1 e.

llgase activity) could ‘be detected in fractlogs 40-50
’ ' ' > . Y - -

In these ?sactionsf

‘productlon of the yelloy p-nltro;hlophenoL“andon was g .

~ .

L ) B . . .

I
‘

, , . w
. ' ) . . y -
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“prellmlnary estlmatlon of its Km for substrate.

dependent ‘on the addition of glycfne. It seems clear
A Y

*\Qﬁen that the’ llgase chromatographs as a peak

..

co:respoﬁding to a mole%ular weight of about 79,000

daltons.

. e

4
Earlier fractions from the c;%umnh at about the

void volumn of,the column, catalyzed the deacetylation
of aeetyl Co-enzyme A. Injthese fractions, tﬁe

productioﬁ of the 412 nm ebsorbing cémpound, T
n-nitrophenol an{on, was'independent‘;f‘the presence
of glycine. Thisaaqtivity épée&rs to be . i
phosphotransacetylase (PTA),'which‘forms- Ty ' E %
acetyl-phosphate and Co—enzyme A. It 1s clear that in
crude extracts both the actlvxtles must ex13t. However,' . i"
the activity of PTA is much hlgher tha; that of llgase. : . 'é

i . sy

’Therefore, acetyl Co-enzfme A is destroyeé‘so ;hat no

* ‘ A L L .

Co-enzyme A ligase activity can be observed.

- . . L)

T IR

It is clear then that an extract of strain JEV -
. . ' : , . =
73R contains ligase activity, and catalyses the

formation of .amino acetone (decarbokylated AKB) from " i

g 3

glycine and acetyl- Co-enzyme A. This reaction was ‘ .

shown to be dependent on the amount of enzyme added and

. . .
on the presente of both substrates. Th¢ enzyme was not . -

further studleg\to any great extent, except to make a o
)

From the Sephadex 100 column descr;bed earller,



. »
S—— R

it can be séen‘that the TDH forms a peak which .is

.different from either PTA or Co-enzyme A ligase.

1

Therefore, the TDH and :ligase reactions are clearly
catalyzed by different molecules. Since-AKB will

’
rapidly decarboxylate to amino acetone, this is of

4 \

interest to Fnow“whether TDH and ligase are closely

%

associated. This experiment seems to exclude a close

nhysioal association (e.g. multienzyme complex) .

StilI; no attempts to avoid protease action were made

" and this subject is opened to further investigation.

The Michaelis constant for acetyl Coreﬁzyme A

was estiﬁated by asSaying amino acetone providing the

enzyme with a constant amount of glycxne and varylng

the concentratlon of acetyl Co-enzyme A. This gave
a value of 3.1 x°1075 M. This must be taken as a
preliminany estimation sincé the experiment was
‘carried out once only; '

" The Michgelis constant for glyc1ne could be.

determined in the same assay. However,’ all the

preparations of glycine tested produced colour in

. the amino acetone assay. This makes an accurate

/

estimation of the Michaelis constant of glycine very

difficult. TIn order to achieve a satisfactory

: o
estigation of this Michaelis constant, the enzyme

should be further Qurified and assayed by

’ . . a

. +
FOUSTTE SN SR U > SR S SRNPU O
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‘ 112
~ the spectrophotometric ﬁethod of estimation at 412 nm |
oflthe amount of p-niérothioppgnol anioﬁ produced.

‘ Thélrolé of TDH ih threonine catabolism was well
established prior to this work (Newman, Kapoor & Pétter,
1976;‘Newman,.Baptist, Fraser,'Isenberg; Weyman &
Kapoor, 1976; Newman, Kapoor & Potter, 1977). Howevér,\
.at the start df this work, nothing waé knéwn about the
bhysical‘characteristics of the énzymé. During our
study, some'cﬁaracteristiqs of Ehe‘eﬁzymg wéred
described by anther‘laboratory (Dekker & Boylan, 1980).
The presenf/gtudy was therefore limited .to a partial

?

purifidation and characte;izationrdf the enzyme.

[} ' f
B . N

TDH Stability As Influenced by Shall Moleculeg

DY

(The pﬁrification of TDH is gided by the general
<stahility 6f the.enzYme. Crude extracts €9uld be :
dialysed against distilled water for 24 hours without
loss 6f activity. This seems tﬁ rule out 3 roleldf
small cations or small organic co-factors in the

TDH reaction. This is different from the enzyme in

' - Tetracoccus soyae and Staphylococcus aureus, "in which

potassium ion stimulates TDH activity (Omata,+ Tokirua,

. [ ] -
Nishimura, Kamasabi, Veno & Sakai, 1974; Green, 1964).
This ‘stability is much leéssened in the preéence

B

of potassium'chloride. However, it was.possible to €

A%

4 ' !
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pﬁdtect the‘éhgyme against even 1 M KCl Ey adding its
substrate, threonine. Elution of TDH from A
DEAE-Sephadex column theréfore was done in the
presence of threonine using a Tris=gradient. This
allowed 74% recovery witﬁ.a 60-fold ‘increase in *

specific activity. When the elution was made with the

o

same Tris gradient but in the absence of threonine

o

added, no TDH activity was recovered. ,

[}

Successful chromatography of TDH om Sephadex G100

column actually depended on the presence of salt ——

- in this case 0.1 M KCl. When the extracts were

Ehromaﬁographed without KCl, no activity could be
récbveréﬁ. With 0.1 M KCI; TDH was eluted in one

band with 75%-100% recovery. This Kcl concgntratioﬂ,
however, was critical. At 0.2 M KCl TDH eluted in two

bands with te¥hl recovery of 14%. It would be

_interesting to know the effect of threonine on.the

s
behavior of TDH on the Sephadex G100 column at the

relevant salt concentration. However, these studies

o

were not done.
TDH is clesfly strongly affected by its

environment;“établized by threonine and destablized

>

\J ° -
by high salt concentration.fyzyere is some indication

that TDH can be isolated in two forms. This may

Py
LS

suggest that the enzyme has subunits and tends to .

'
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remain asscciated in the presence of threonine and oj~ i

“a critical concentration of salt. Further experiments

°

L
Laa

[

e
PRL T R W N

- would. be needed to determine whether the enzyme (;

{

actually has subunits.

Purification,oflTDH , -

-

- 4 ) " . "
“JIn order to purify’ an enzyme, a rellable enzyme .
\ [ /
assay is 1mportant in the sense that the assay should s . 3
] . 0
4

correctly differentiate the _enzyme from other proteins. -

) < s

> . .
" and estimate the specific enzymatic activity accurately.

.y

In many conventional purification steps, i.e. ammonium

sulphate’precioitation of proteins, ion-exchanging -

chromatography and affinity chromatography, the ionic

strength of the composition of the solution that the ,

0

enzyme exposed would change. In order to determine

accurately the fractions in whlch the enzyme 1is located,

TSR PO R, 5 TP AR

‘and the specific activities of the enzyme, the enzyme

assay should not be affected by the components used

g
A -
A t

dg{ing the purifioation steps, or else,"such effects

should be accounted for. The purification of an enzyme
.re iree the-moutine‘assa§ of many fractiorms. In this
work, TDH was aséayed in two ways:. One relies on the = - . ' %
use of Ehrllch's redagent to measure the amount of

' S S
amino acetone whlch is the indirect product of the TDH

enzymatic activity; the other method depends on . r
I ;
s . N
- [ g
» /
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onltorlng the change 1n the NADH- concentratlon at 340 2 S

nm, since TDH converts NAD to NADH.

Theoretically, both enzyme assays could be used- in oo

N

U

]

locating fractions containing TDH actifity, estimating

o vms patop e

the TDH~specifie aetivity.’ ﬁowever,.the spectrophoto¥
metric method is not applicable in crude extracts

because ef the'presencehof'NADH—reductese. 'During the
purificati&ggsf-TDH in thisithesis,.the coloﬁimetrie
‘enzyme,assay was used to locate TDH andtestimete its” o
specific activity. Besides'ammonium sulphate

g

-interference, . the colorimetric enzyme assay was not T ST
2} ’ .

—

affected by high salt .content in the assay mixturesv
-

- - \
SRR b g o gt e g A ol Ak R g T e A et g
- ‘

Spectrophétggetiic ehzyme assay was used to
* ~ ' \b : . L .
characterize TDH as well as to carry out the

2

inhibition study. The estimation of enzymatic activity,

A

IS i T T

given by colorimetric aﬁd35pectrophotomet;ic method were >

1 ' &

generally consistent (Elliot & Green, 1963; and by the

author). “

Ammonigm sulphatefprecipitation.' By stepwise

increase of ammonium sulphate added to crude extracts,

a

TDH was found to prec1p1tate between 30%-50%, (Flgure Ca :

15).- Later experlments showed that ammonlum 'sulphaxke ' 1

range could be reduced to 35% to 50% It should be 2
noted that high ammonium sulphate concéntration

) * LI
irhibited the detection of the amino -acetone by
! . ' .
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Ehrlich's reagent."?hefeforeﬁ/the percentage of enzyme

A

recovery after ammonium sulphate could not be < )

acgurately estimated..- Ty - ,
R & Lo

© Gel filtration. The pellet'p}ecipitation between

‘35%-50§Aammonium sulphatg'was redissolved and‘placed’
on a Sephadex G100 gél fi;tration,column. The column
 was eluted with 0.05 M PQ, buffer, 0.1 M KC1 pH 7.2 *
with. the rate 10 ml/hr. All TDH actiéity, uéually‘

more than 75% of total input, was discovered in a

singie béﬁd‘with the correspondingéyplécular weight

v
-

»
I3

of 141,000 daltons. The specific dctivity ificreases

<

10 - 12 folds, e.g. from 0.3 to 3:5 mM/min/mg of L
protein (Figure 16). This partially”pufafied TDH Wwas .-
free from NADH-reductase and‘thérefore the .§

"sﬁect;ophotometric enzyme assay could be applieé to

characterize the enzyme. ' ‘ ' N

Characteristics of TDH. Parfially purified TDH

i J
S NP DO SPURE, . - W

was characterized by using the s?ectrophotpmetric - cod
‘ enzyme assay: monitoriﬂg the threonine dependent . . N
'increase in optical dens%ﬁy of the assay mixture at .
340 nm. A Michaelis constant of 63 uM for NAD was
measured by fixing the coﬁcentration‘of thireonine at “ *

30 mM. When the rate of NADH production was plotted ' }

against the concentration of<NAD, the shape of the

£

curve was that of the standard Michaelis curve,

] +

2



condition with threonine 30 mM and NAD 0,5 mM and also -
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%

ellmlnaflng the possibility of homotroplc co—operatlve

® effects of NAD A Michaelis constant of 3. 18 mM for

\

threonlne was measured by fixing the concentratlon NAD
at 500 pM Again no evidence of homotropic
co-ppe;atlve effect of threonine was seén.

Inhibition’ studles were carried out in order ‘to

fac111tate the afflnlty chromatograﬁﬂy and to clarlfy

, whethe;,TDH showed end product inhibition by glyc1ne

or serine or stimulation by leucine. Using the

threonine 10 mM and NAD 0.33 mM, TDH was not affected
by 3.17 mM serine; 8.8 mM glycine, 1.9 mM 5' AMP, 0.16,
0.8, ahd 2.72 yuM blue dextran, 1.3 mM Co-enzyme A.or

2.54 mM leucine. o .

LN

Glycine and serine are the end ptoducts of
aerobic th;eoﬁine_cétabolism;_ In this#study,nthey
had no in'YiEEQ efféct on TDH. The fact -that leucxne '
‘which 1ncreased TDH act1v1ty in‘vivo dld not stlmulate

« ©

TDH in vitro ruled out the possibility that leucine

‘allosterically activates TDH by direct binding. Since

thege was no indication that.Sj AMP and blue dextran
would bind TDH 5' AMP-agarose and biue dextranJagarose
were noft used in the affinity chromatograghy.' In‘a‘
personaz\communication, ngker E.E. said that he had

used blue dextran-agarose to purify TDH. In this

\
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study, the failure of uéing blue dextran as the TDH

inhibitor may be due to low blue dextran concentration
7

which is limited by i}s low aqueous solubility.-
K 2

»

Purification attempts using ién-exchange and

affinity chromatography. By using threonine as the

proEecting agent, %DH couldwbe,isolétedAin one band
wifh a total recovery of,74%';hd‘60ffold incfeasé'iq_
specific activity KFiguré 31). However, this -
purified TDH wés‘laﬁile in the desalting ;rocedures
.(e.g. dialysily and ultrafiltration), attempté were ' ; , |
made to precipitate this purified TDH with 60%
' ammonium ‘sulphate and put the pellet into a Sephadex '
G100 column. No TDH enzyme activity was detected in
any qf the fractions collected.
Threéniné—agaere and NAD-Hexane-éggrose were
used as stationary ligands in the affinity \\'
'éhrématography of TDH. By using the crude extracts
TDH did ﬁdé bind to threéonine agarose at 0.01' M A | - ‘
; Tris-HCl pH 7.2. ‘Although TDH adhered to

NAD;hexané-agarose, the low recovery of the enzymatic . . i

“\ ) activity in the pulse elutions with 200 uM and 500 uM,

NAD in buffer suggested that the enzyme could not be ¢
. <

R

g b

: ' purified in this way. The change of thé elution

conditions to include 10% glycerol did not imprové\\“" \

the percentage of enzymatic activity recovered. '&\

-




¢

Difficulty in TDH purification. In this work,

\

. ‘ "
TDH has beeh purified l1l2-fold by a combination steps

with ammonium sulphate precipitation and gel

¢

filtration, and 60-fold by DEAE-Sephadex
,sta;ting io each case with a crude extract. However,
attempts eo combine these two purified TDH‘seems to

‘ be unstable for fu;ther purifiéatiohs., The reason for
this instability is not known but ﬁay're%gte to the
dissociation of the enzyme into sybunits. However,

this was not extens1vely studled in this work

5

Comparison between The Data Repgited_in This Thesis

‘with Those Reported by Dekker E.E.

TDH was extensiVelf purified by Dekker and
Boyléo (1980). The Michaelis constants for threonine
and NAD were reported to be 1.4 mM and 190 uM
respect}ve%y. The molecular welght reported was
140,000 da‘ltons.c In this study, the Michaelis
constants for threonine and NAD were reporﬁed to be
3.18. mM and 63 uM respectively. The molecular weight
. was 141,000 daltons. By comparing the reported data,
//‘*thls is clear that both labs reported the smmllar
moleculart weight and K for threonine but dlfferent

in ths K for NAD.
. m ’
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By Sephadex G100 gel filtration and

[

DEAE-Sephadex ion-exchange chromatography, only one
bang of TDH activity was detected®in the fractions

éol}ectedsuggestingthat‘there was only one kind‘qf
TDHlinéstréin JEV 73R. -

fhe difference in the_Micﬁaelis constants
repérted in two labs may be due to the féct that each | : ;

1aborétory used a different strain of é.coli “from

‘
Tm f

which to~isolate, the mutant studied. Dekker and .

Boylan used nitrosoguanidine as the mutagen and ,

selected directly.using threonine as the sole carbon |

RALTS P TR

source. In this study, strain JEV 73R was derived

. from strain AT 2046 via several spontaneous mutations.
. . \ .

Both of the selections resulted in eleyation of TDH -
activity, about 20 folds in Dekker's case and 100-£olds

' in JEV ‘73R. The enzymes thus produced may or may not

‘be identical. 3 P > T S
N}

" part 2;  .Genetic Studies

N "

/ In this-first.paff\of this discussion, the nét‘
of

two enzymes involved in threonine catabolism has
been reviewed. These two enzymes constitute a °

f*uﬂf\R¢EEZ?y converting threonine to glycine and acetyl

Co-enzyme A. That this is really the pathway of
- _ t .

T et ol
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/ . . e s :

. v [N ' MO, .
/2/// > - threonine catabolism is indicated by severial kinds of K

expérimedtsﬁ - An obliéatory connection between threonin;'
and aqetaté metabolism is i?dicated by mutation
'studies. Threonine cétapolism is shown to be

- accompanied by glyciﬁe gﬁpggtion. _As oné Qoulé

expect f?om this, the cell uses only half of the carbon

atoms in building all materials and excretes the rest ,

-~

in the form of élycine. This pathway is further »

fureh
il * 3

s . , ,
‘ &

.~ . confirmed by studies using U-'‘C-threonihe and

finding 1"’C‘g].yc;i.mé in’the medium. Tﬁerefdre, it is . b

\ _concluded that aeroblc threonine’ catabolism in, straln . .
f \ ¢ .

TE lll lnvolv the conversion to glyc1ne and acetate

and the further catabolism of acetate only. . ’ : g

Mutant Studies - e o .

- . -t ‘L‘n . . .
The génetic investigations des&rlbed in this

wdik suggested that threonine and acetatenu;ilization

P

r .

aré cogfected inisuch a way, that if the‘acetags “ ‘ ’
utilization is lost by mutation,fshe batteria will -lose L e

the threonine-utilizing abilitj 3§ result of the same ' 3

mutation. The connection between threonine and acetate

- ‘imetabolism is indicated by the following.data:
w-"ﬂ"ff‘\' : Ll - )

! =z~ a) A étrain which' could not use aceate could not use

‘ﬂ;threonlne even though its TDH specific act1v1ty 1s

‘high (strain JEV 73R). . . .
1 S » . R ' : .
‘ , - ‘ ]
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b) - An dcetate-positive derivative (strain TE 103) could

use threonine. S ; - .
c) 7A . threonine-positive de#ivgtive (strain TE'iiyg
could use acetate. . ‘ -

d)t %p'acetaﬁe-negat}veﬁderivative-(strain TE '111A) of

the .preceeding acetate-positive strain TE 111 could not
. . g

use threonine. - o ({
.l e A

e) By using more acetate- and thé%éni?e-positivé
'Herivativgs, a’ connection between threonine -and
acetate utilization was generalized.
' This catabolic connection can egsiiy:be‘explaingdt
Threonine'c;%hbolism is first initiated by fDH:by which
threonine is converted thAKg. By %hg~enzydltic
reaction of ligase, AKB is split into glycine and
chetyl Co-enzyme A. Then acetyl Co—enzymé‘Ayis £he
actual carbon donor to the general metabolic.éycles.‘
1 The connection between ¢hreohine and’ acetate catabolism
i§ ‘ that both involve acetyl Co-enzyme A\as j;\\\\\r

‘intgrmediate. |

Strain TE 1lll is an STHM-def1c1ent mutant in which,
serine cannot be converted to glyczne and vice vetrsa. '
The further. metabolism of glyc1ne is 11m1ted to its '
incorporation into protelns, glyc1ne and ltS conver51on

to C,, units. In threonine égtabollsm, glycine and

acetyl Cofenzyme A will be'produced simultaneously.

o
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Thé;gfore, as,the bacter{5 metabolize acetjl Co-¢énzyme.

A, the bacterla have to deal with the problem of™

«

In this Sgrk the bacteria seem

dglyc:me accumulation.

-

€c solve this problgm by excreting glycxne 1nto the’
. !
d {

i ~ . N .

% . ‘ .

i Glelne Excretion in The Threonlne patabollsm in Strain

medlum ™

TE 111
S

~
\

N

4

v

-~
v

¥

." When straip TE 111 chltured in threonine as the

. . ; ' "y
sole carbon source, glycine was detected in the culture

4

filtrete‘ﬁ This was done.with both blologlcal assay and

chefical ethods (Flgures 5 to 8) ‘\Thls excretion of

.- e

glycine appeared to be.contlnuous during growth as

‘indicated by asday of samples”of culture filtrate

'~collected at dlfferent p01nts of the ‘growth cycle.

. s

Thls is the ﬁlrst.report of glycxne excretlonvln E.coli.

M ."

'No ‘attempt to investigate the mechas}sm of glyqzne '

This may be an interesting topic

. éxcretion was mad
- ' r R . * \
- . ; C . Ca e , ,
, “fdf‘thase interes) in amino acid trapsport in E.coli.

S Slnce threonlne 1s catabollzed to glycine and

% . Q‘: . o
Eff1c1ency of DBrivatién of Cell Materlals from various

R e . i
o= 4

Carbon Sources

y 'u" P

acétyl Co-enzyme A and glycine is excreted, one would
expect straxn‘TEﬁlll to only use ‘half of the carbon_
L - ¢ ’ . o

atcms;derived from threonine to build up the cell

*
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. ) N ,
matertal and excrete the other half.in the form.of-

' * - glycine., Thus the cell,would use equal numbers of

- \\J//”) threonine or acetate,moleculeé to bulld up equal amount -

of cell maten&als even though the number of carbdn atoms

v

e -

2 . “ 2 -
limiting, améunt of carbon source in strain.TE 111 ‘§9$l'

. ) N
. \ 1 . ~

' . :  cultures, it was found that, strain TE-'111 needed) 40 p

in- threonine is twice that of aceéﬁtei By using a

mole of’glucose, or 93 ubmoles of threonine or 9 u\

<+

moles of acetate to build up Jdne: mg of proteln

A

(Flgures 11 to'13)'. -Glucos€ is a sxxycarbon gomﬁound.

a .
~
L]

If glucosg was used as efficiently as acetate, one would
expect to read about 31 u moles of glucose to bulld up

- s l hg of*proteln‘ However, glucose is not completely

oxidized by E.coli which uses its TCA cycle only

¢

—_ .. - sluggishly. Therefore, it is not surprising

;;7' that‘straiﬁ TE lll,shows lower efficiency

]

% in using glucose than acetate to build up an equal
5 . A 7
Vo . amount of cell material. On the other hand th )

‘eff1c1ency in using threonine is half of that/using

t

" acetate, which is consistent with the idea  that
threonine is degraded to aceiyi Co—en;fm;?A andAglycine

; which is actually excMeted from the cell. .The fact that

the derivation of cell material from threonine and

' ‘ acetate' comes out so close to the expected ratio also

5 , i
suggested, perhaps,, that threonine and aceté@e are
N . < .

~ s _—
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metabolized by the same route.
K '

- Y » * part 3: An Overall Summary Bhreonine

. Utilization in Strain TE 111 (Figure 36)
R .

. L
R ]

v

~

In order to use threonine as the sole carbon and
energy source; a bacteria must carry dut a series of
' ' 'metabolic reactipns. These include the transport of

.

threonine into the cell, the degradatibn of threonine
- . o

into metabolic intermediates, the éeneration of energy

from these metaﬁolib intermediates, replepisﬁ;ng-the

. metabolic intermediates that a;é needed to build up the

~ g _cell matétiéls,‘and the excretion of metabolic wasﬁesk

" R ' that.may ‘be to?x‘_to the bacﬁ:erj..'a. Since strain TE 111
can grow.on threonine as the sole carbon and energy

f,;gbhrce, igvshOQld carry oyt afl these reactions.

'Ubtake of threonine is'caéried out, presumably,

. by the threonine tranéport system. In thi® study,

there is no attempt tosinvestigate ﬁhis' stem and ‘it

- C_ is assumed-that during growth on threonine, threeniné o

v

uptake system must function satisfactorily. ' .
TDH is the enzyme responsible for threonine
catabolism. In strain TE 111, TDH specific activity

N -i8 much higher than that of wild type E.coli. "Besides

T v ~

threonine, TDH needs NAD as the Co-enzyme. Therefore,
. N &

w
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enough NAD should be pregént in the cytoplasﬁ to support

-
o A AT S e e W <

TDH enzyme activity and fuithermore, NADH will be.
proghced as one Qf the pro?ucts of thréoﬁine ‘
deg;adatién.‘ éince the bacteria is grown aerobicaxiy;
NADH will e;entuaily be oxidized again using: oxygen as ,
the ultimate electron éceptor. ‘If the bacteria were ’ T

\

grown anaerobically, they might have problems due to

3 a limited supply of electron‘acgeptors. %waever, under

. the anaerobic, situation, another threonineAdégradation \\\_\ 1
. - y
{

enzyme, biodegradative threonine deaminase is produced 4 3

oy

. and the direct enzymatic product a-keto butyrate is

T~

itself‘the electron acceptor (Magasanik, 1961).

‘ \ The direct enzymatic product of TDH is’ AKB. This i B
is 'a labile qompoﬁnd in the sense that AKB raéialy { L ;l
decarboxylates with the formation of amino acetone. . ‘ 3
There are two possibilities for the.further metaboiism | .
of AKB. One is this nonenzymatic decarboxylation from

which amino acetone is formed. The second possibility
A}

is an enzymatic reaction catalyZed by ligase. 1In

this work, the iiéase was shown to be present in E.coli

"apd thus it seems likely that AKB will be further

degraded b§ ligase. ) , | wﬂﬁs>h¢’
If ligase is actually the enzyme that degraded

AKB, there is a possibility that TDH and ligase have N

a physical orientation such that the AKB formed by

S
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*\"  continuously during growth. Glycine is required by

' 3

TDH is channelled to ligase. The elution pattern\‘

of thesj&;nzymes in the geltfiltration did not suppoft

the ide
However, no precautions were taken to avoid disruption;
P

that they exist as an enzyme complex.

E}%NNNOf such complex, and this question is cléérly

D
l

unresolved. L, T )
L%gaselcléaves AKB forming” glycine and acety;’

. Co~enzyme A. ?n this study, it has been. demonstrated

£hat acetyi'Co—enzyme A is the carbon donor for the

general metabolic pétﬁWays-in the threonine growing

[ . . .
cells, and glycine is excreted by the bacteria

,;xg.ggli, for incorporation into proteins and purine;.
Especially in strain TE 111 which is a‘STHMTngicient
mutant, a certain amounf‘of glycine will be degradea by
glycine cleavagé system to yield Cl units. During_ the
cleavage, the carboxylate carbon of glycine will be
released in the form of CO

2

and the a-carbon w;}l be
transferred to tetrahydrofolic acid. When gly

ine ‘is
incqrpbrated into proteiqf and purines‘al; its carbon

- atoquQiii be retained in the cell. When glycine. is
cleévéd to yield ¢, uniﬁg, half of its carbén will be
_lost. Since strain TE 111 is a éTH? eficient mutant,

. ] 0] 0 \ (]
the interconversion between glycine and serine is

bl‘d: From the inhibition studies, glycine and

[Py by
i ! .
i
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'serine do not inhibit TDH in vitro. This suggested that.

L.

there is actually no end-product inhibition in aerobic

threonine catabolism. This lack' of feedback control

. ")

.

facilitates threonine catabolism but faces the bacteria
’ .

with a glycine accumulation problem. " In this work,
glycine is detected in the culture filtrate and this

suggests the idea that the bacteria solve the problem

" by excretlng glyc1ne.

- v e

No attempt to lnvestlgate the mechanlsm of this

glycine excretion was made. This is the first report of

blycine excretion in E,coli. To the extent that glyCLne

“excretion is passive, one must assume that " the metabolism

9

l

- of E.co}1 will function apparently normally at a high

glycine/ concentration. In other words, glycine does not
affect metaboljsg in E.coli., However, prelimipafy
results, which are not presé;ted in this thesis, indicate
thaglglycine may be toxic to g.gg;iv under some
conditions. This is a subject which mustlbe further
investigated.

Acetyl Co-enzym% A serves as the cerbon and energy

¢ v )
source in'aerobic threonine catabolism. Acetyl Co-gnzyme

A w1ll enter into two dlffereqF metabollc pathways, one

~

to generate energy and the other to serve as the

precursor of all cell materials. A portion of the acetyl

- Co-enzyme ‘A forﬂed from the threonine cetebolism will

-
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ente% into the TCA cycle to genéfate the energy that is |

+ required for the growth. Acetyl Co-enzyme A will first
bind to oxaloacetate to form a six-~carbon compogﬁd,

citrate. . By various interconversion steps in the TCA

cycle, the six-carbon compound‘will.end_ub in the’ form of ’

et 43, A+

oxaloacetate, a four-carbon compound. Duing the TCA
cycle, all the carbon atoms come from acetate will be

+
decarboxylated to produce energy. The;rest of the a [

acetyl Co-enzyme A formed from the threonine will enter .

&

intb the glyoxlate cycle. This constitutes a by-pass of
‘/rj | }the decarboxylation steps in\the‘TCA‘cycle. The.g N ' g

tﬁo-carbon from acetate that are incorporated into

citrate are not, lost by deca boxylation but retained in Lo
glyoxylate and succinate. The glyoxylate jthen combine

with another acetyl Co-enzyme A so that the, cycle will-'

B SRy

end up. with a net gain of a four-carbon compound from
two two-carbon compounds. This allows the accumulation
of new cell ﬁaterials from acetylMCO-enzymé A. This
four-carbon compound, succinate’ is converted to
oxaloacetate. The anabolic pathway starts with - L ;

»

oxaloacetate from which phosphoenolpyruvate (PEP) will ..

’

be formed. PEP is regafded as the end product of the

anaplerotic sequence of acetate metabolism in E.coli
(Kornberg, 1966). PEP will then be the precursor of

" many cell materials. During the conversion of
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oxaloacetate ' .to PEP, one ‘of the carbon atoms of

.oxaloacetate will be lost in the form of COZ'

’ .
The distribution of{ﬂ“c in cultures derived from

U~1fc-tﬁrgoninehis roughly in agreement with this

formulation of metabolism. 6.9 u Ci of threonine were

supplied'as the sole source of carbon and energy.

®According to our formulation these 6.9 yu Ci of threonihe

S
should give 3.45 u Ci of acetyl Co-enzyme A and 3.45

u'Ci of }'C present as glycine in the culture filtrate.
However, some of this glycine must be incorporated into

proteins and into purines, some glycine must be oxidized

~to give éi units. A small amount of threonine could be

detected in the culture filtrate indicating that some

/

of the radiéacti&ity in the cuiture filtrate was

actually ;n the form of threbnine. Therefore, the
finding of 3.06 u Ci after the DOWEX-50 desalting
procedure in the éulEune.filtféte is roughly in accord

. ~

with expection.
' hN

)

in acetyl Co-enzyme A. As mentioned before, the

metabolism of acetyl Co-enzyme A is,conducted by two
cycles, TCA and é;yoxyléte cycles. In the TCA cycle,4
enerdy will be generated but all the carbon atoms of.

acetyl. Co-enzyme A will be decarboxylatéd and lost as

T

5

What then happens to the 3.45 u Cci which originated

T e

alumint




. above formulation, only 1.725 u Ci would be

'materials appears somewhat low.
- be further investigated by comparing the fate of

. acetate U-l‘C.
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A

from acétyl-Co-eﬁEymecA will be retained in the

formation of oxaloacetate. However, when oxaloacetate

is converted to PEP, one out of four carbon atoms

will be lost.

If it is assumed that half of the acetyl Co-enzyme

A (l 725 y Ci) is® used as the energy source and half of ) ' .

it is used in the glyoxylate cycle (1.725 u Ci),’ by the

02

ingbrporated‘in oxaloacétate. The portion of those - o

1.725 u Ci actuaily found in cell materials, ﬁbwévgr,
¥

would depend on how much oxaloacetate is converted to

-

PEP, what other decarboxylation reactions occur, and

.

the extent to which Céz may be recycled. The actual

number of 1.2 u Ci that is incorporated in the cell

However, this could

.Since the. purpose of this thesis was '
to show that aerobic threonine catabolism is via the

'glycine route', this matter was not further

‘investigated.
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A , | Figure 36

Threonine Utilization in E..colli. strain TE 111 - An

A

overall summary. - - o
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