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Summary.

There are two distinct biosynthetic pathways to the
essential amino acid L-lysine (A). The diaminopimelate pathway
to L-lysine occurs in higher plants and bacteria whereas the a-
aminoadipate pathway operates in fungi and yeasts. This thesis is
concerned with the initial step of the diaminopimelate pathway to
L-lysine, catalysed by the enzyme dihydrodipicolinate synthase
(DHDPS). The mechanism of formation of 1-2,3-
dihydrodipicolinate (L-2,3-DHDPA) (B), the product of the reaction
catalysed by DHDPS, was investigated. The synthesis and testing
of potential inhibitors of DHDPS was also studied.

CO,
H3ItI—-'-H
(CH,) ,NH,
(A)

L-Aspartic acid B-semialdehyde (L-ASA) (C) is a
substrate of DHDPS. A former co-worker of ours, Dr. David Tudor,
had previously prepared and isolated DL-ASA as the
trifluoroacetate salt. The synthesis of DL-ASA was carried out in
this work in order to have a supply of DL-ASA for testing of
compounds with DHDPS. Manipulation of the synthetic route to
DL-ASA (C) allowed us to prepare several imine derivatives (D).
These were tested for inhibitory activity with DHDPS. The
trifluoroacetate salt of the thiosemicarbazone derivative (E) was a

good inhibitor, showing 46% inhibition at 0.1mM with DHDPS.
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1.1 Amino Acid Biosvnthetic Enzvmes as Targets of
Herbicide/Antibiotic Action.

Many metabolic differences between the plant and animal
kingdoms exist. Plants, unlike animals, obtain energy from light via
the process known as photosynthesis. They must also synthesise their
own plant-specific hormones and cell walls. Plants and animals
further differ in their ability to synthesise amino acids and vitamins.
While plants are able to make all these compounds, animals must
obtain vitamins and the essential amino acids from their diet.
Scheme 1 shows an overview of amino acid biosynthesis. The
common metabolic intermediates are written in italics. Amino acids
essential to the mammalian diet are underlined. The metabolic
pathways shown below the broken line do not occur in mammals, but
are found in plants and bacteria, and are therefore potential targets

for selectively toxic herbicides or antibiotics.

A number of herbicides are known to act by inhibiting
essential amino acid biosynthesis. The biosynthetic pathways which
each herbicide inhibits are marked by a cross in Scheme 1.
Glyphosate (GP) (2) is a nonselective herbicide which interferes with
steps of the common aromatic amino acids pathway.1,2 Aminotriazole
(AT) (3) was patented as a broad spectrum herbicide in 1954 by the
American Chemical Paint Company. It was found to antagonize
histidine biosynthesis in bacteria and yeast by blocking the activity of
imidazole glycerol phosphate dehydratase.3 The sulfonylurea
herbicides, chlorosulfuron (CS) (4) and sulfometuron methyl (SM) (5)
-are notable for their high potency andAlow mammalian toxicity.4

While sulfometuron methyl (5) is a broad-spectrum non-selective
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1.2 The Importance of L-Lvsine (1).

L-Lysine (1) is economically one of the most important amino
acids. Mammals lack the ability to make L-lysine (1) and so must
consume it within their diet. In other words, it is an essential amino
acid for human and animal nutrition. The nutritive value of protein
depends on the quantity and balance of its constituent essential amino

acids. Table 1 shows the estimated daily requirements of adults.

Amino Acid Amount (mg/kg)
Isoleucine 10
Leucine 14
Lysine 12
Methionine and cysteine 13
Phenylalanine and tyrosine 14
Threonine 7
Tryptophan 4
Valine 10

Table 1

It is necessary to consume these essential amino acids daily
and simultaneously. If one essential amino acid is supplied at an
inadequate rate or at a different time from the other amino acids, the
level of utilization of all the amino acids is lowered to that of the
deficient, limiting amino acid. L-Lysine (1) is a limiting amino acid in

plant protein, especially cereal protein. The nutritional value of plant



protein can be improved by adding small amounts of the limiting
amino acid to food and animal feed. This amino acid fortification is
important both nutritionally and economically as, along with DL-
methionine, L-lysine (1) is indispensable for the production of animal
feeds. Commercially, the largest amounts of L-lysine (1) are produced
by the bacteria Corynebacterium glutamicum, Brevibacterium flavum
and Brevibacterium lactofermentum.> The production of L-lysine (1)

will be discussed in more detail in Section 1.3.

The biosynthesis of L-lysine (1) in bacteria and plants is
incompletely understood. This will be discussed in Section 1.4.
Labelling studies® have established that meso-2,6-diaminopimelic
acid (29) is an intermediate in the biosynthesis of L-lysine (1). meso-
2,6-Diaminopimelic acid (29) is a building block of the peptidoglycan
of most Gram-negative bacteria as well as Gram-positive bacteria. It
forms part of the cross-linking moiety between adjacent peptide
chains of the cell wall peptidoglycans.? Inhibitors of peptidoglycan
biosynthesis can have powerful antibiotic properties.8:9 The enzymes .
of peptidoglycan processing are therefore viable targets for the
rational design of novel antibacterial agents. The absence of the
peptidoglycan and L-lysine (1) biosynthetic networks in mammals
suggests that inhibitors may possess antibacterial and/or herbicidal
activity, without mammalian toxicity. The design of inhibitors will be

discussed in more detail in Section 1.5 and Chapters 3, 4, 5 and 6.

. The conversion of L-lysine (1) into alkaloids is an important
biological process which has been studied for many years. Alkaloids
are a large and diverse group of natural products which contain a

nitrogen heterocycle, are found mainly in plants, and exhibit a wide



range of biological activities. Large numbers of alkaloids have been
isolated. This has resulted in an increase in the understanding of their
biological properties and their pharmacological, toxicological and
ecological significance in nature. The use of isotopically labelled
precursors in feeding experiments has helped us to understand the
complex manner in which alkaloids are biosynthesised. Alkaloids are
formed mostly from a few o-amino acids (lysine, ornithine,
phenylalanine, tryptophan and tyrosine) along with mevalonate and
acetate. Alkaloids are important in chemistry, industry and medicine.
In the last category, alkaloids find use in the following types of
medicinal activity: anticholinergic (scopolarﬂine); antihypertensive
(rescinnamine); antimalarial (quinine); antitumour (vinblastine);
cardiac depressant (quinidine); gout suppressant (colchicine); narcotic

analgesic (morphine); tranquiliser (reserpine).

There are two main classes of alkaloids which utilise L-lysine
(1) as a precursor, namely the piperidine alkaloids and the
quinolizidine alkaloids. Scheme 2 outlines the biosynthetic routes
taken by L-lysine (1) in the production of a piperidine alkaloid,

anabasine (7), and a quinolizidine alkaloid, sparteine (8a).

Many higher plants possess the necessary metabolic
pathways for the synthesis of piperidine alkaloids. Robins et al. 10
studied the biosynthesis of anabasine (7) in transformed root cultures
of Nicotiana rustica and N. tabacum using cadaverine (6) precursors
labelled with deuterium. These labelling studies indicated that the
pro-R hydrogen of cadaverine (6) is retained and that the pro-$§

hydrogen is lost at the position which becomes C-2' of anabasine (7).
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from many plant species including Spartium scoparium,1l
Sarothamnus scopariusl? and Lupinus lindeniancus.13 Careful
labelling studies by the groups of Robinsl4 and Spenserl3 showed
that there were equal levels of 13C-enrichment for 6 carbon atoms
after feeding [13C-15N]-1,5-diaminopentane (cadaverine), and that
there were two 13C-15N doublets around the signals for C-2 and C-15.
This confirmed that two moles of cadaverine are incorporated into the
two outer rings as shown in (8b) (Scheme 2). The biosynthesis of

quinolizidine alkaloids has recently been reviewed.15a

1.3 Production of I-Lvsine (1).

The amino acid industry has been steadily expanding since
monosodium glutamate was first marketed as a flavouring material in
1909. All the amino acids occurring in proteins are now produced
industrially. Amino acids can be produced by extraction from protein
hydrolysates, by fermentation with the aid of microorganisms, by
enzymatic processes and by chemical synthesis. L-Lysine (1) can be
produced industrially by direct fermentation methods (using
auxotrophic and regulatory mutants) and by a biotransformation
process involving both synthetic and enzymic methodology.

With the advancement of modern genetic biochemical
techniques, it is possible to produce most proteinogenic amino acids
by fermentation methods. Monosodium glutamate and L-lysine (1) are
produced in the largest amounts, with annual world production levels
of 370 000 and 40 000 tons respectively.16 Auxotrophic mutants are
microorganisms which lack one or more enzymes required for

biosynthesis of an amino acid. The use of homoserine-less mutants of
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lysine (1). The DAP pathway occurs in bacteria and higher plants and
involves the initial condensation of L-aspartic acid B-semialdehyde
(20) with pyruvate (24). Several unique enzyme catalysed reactions
result in the production of L-lysine (1). meso-2,6-Diaminopimelic acid
(29) is an important intermediate of the DAP biosynthetic pathway to
L-lysine (1).

The o-Aminoadipate Pathway to L-Lysine (1).

Metabolic labelling studies with 14C-acetate have shown that,
in Saccharomyces cerevisiae, the carbon skeleton of L-lysine (1) is
derived from acetate.20 The proposed pathway for the formation of
the carbon chain of L-lysine (1) in yeast (Scheme 5) involves a
condensation of acetate with o-ketoglutarate (10) to yield homocitrate
(11) followed by a series of reactions which are analogous to the
formation of a-ketoglutaric acid via reactions of the citric acid cycle.21
The resultant o-aminoadipate (16) is converted into L-lysine (1) via

o-aminoadipate semialdehyde (17) and saccharopine (18).
L-Lysine (1) biosynthesis has been investigated in detail in S.

cerevisiae.22 The enzymes of a-aminoadipate biosynthesis, namely

homocitrate synthase, homoaconitate hydratase, homoisocitrate

12
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dehydrogenase and aminoadipate aminotransferase, are localised in
the mitochondria. A second aminoadipate aminotransferase and the
enzymes catalysing the last three steps of L-lysine (1) biosynthesis
are nonmitochondrial.23 Intracellular free L-lysine (1) is sequestered

in vacuoles of S. cerevisiae.24

The first intermediate of the AAA pathway is formed by the
condensation of acetyl-CoA with a-ketoglutarate (10). This reaction is
catalysed by an ATP and CoA-dependent enzyme, homocitrate
synthase. The second intermediate, homoaconitate (12), is formed
from the dehydration of homocitrate (11); This is catalysed by
homocitrate dehydrase. Homoaconitate hydratase then catalyses the
formation of homoisocitrate (13). Action of homocitrate
dehydrogenase results in the reversible oxidation of homoisocitrate
(13) to oxaloglutarate (14). This process has been shown to be both
NAD and Mg2+ dependent.25

Spontaneous decarboxylation results in a-ketoadipate (15).
Aminoadipate aminotransferase catalyses the pyridoxal phosphate-
dependent transamination of a-ketoadipate (15) to a-aminoadipate
(16).23 The conversion of a-aminoadipate (16) into a-aminoadipic
semialdehyde (17) is a multistep reaction catalysed by a single ATP,
MgZ+ and NADPH-dependent enzyme, aminoadipate semialdehyde
dehydrogenase.26 The reduction of a-aminoadipate (16) to o-
aminoadipic semialdehyde (17) in Saccharomyces has been shown to
be a three step process. The amino acid first reacts with ATP to form
an adenylyl derivative. This is then reduced in the presence of
NADPH. The reduced adenylyl derivative is then cleaved to form a-
aminoadipic semialdehyde (17) (Scheme 6).

14
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The first step unique to L-lysine (1) biosynthesis is the
condensation of L-ASA (20) and pyruvate (24). This is catalysed by
dihydrodipicolinate synthase and presumably proceeds in several
stages. Nucleophilic attack by the methyl carbon of pyruvate (24)
upon the aldehyde carbon of L-ASA (20) would result in carbon-
carbon bond formation. Loss of water followed by spontaneous ring
closure and the loss of a second molecule of water results in the
product, dihydrodipicolinate (25). An NADPH-dependent reduction of
dihydrodipicolinate (25) results in the formation of
tetrahydrodipicolinate (26). Succinylation serves to protect the 2-
amino group during the synthesis of the diamino intermediate.
Desuccinylation results in L,L-diaminopimelate (28). This is followed
by epimerisation at one of the L-centres to give meso-2,6-
diaminopimelate (29). Decarboxylation at the D-centre of meso-2,6-
diaminopimelate (29) gives L-lysine (1).

An alternative biosynthetic route, which bypasses several
stages of the proposed DAP pathway has been found to operate in
some bacteria and maize. The enzyme, meso-diaminopimelate
dehydrogenase, directly converts L-2,3,4,5-tetrahydrodipicolinic acid
(26) into meso-2,6-diaminopimelate (29).

The diaminopimelate pathway to L-lysine (1) will be

discussed in more detail in Chapter 2.
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1.5 Design of Inhibitors of the DAP Pathway to L-Lysine.

meso-2,6-Diaminopimelate (29) has been found to be an
important building block of the peptidoglycan in bacterial cell walls.?
As mentioned earlier, inhibitors of peptidoglycan biosynthesis should
provide selective antibacterial action, without mammalian toxicity.

LL-2,6-DAP (28), meso-DAP (29) and L-lysine (1) are
biosynthetically closely related in the DAP biosynthetic pathway
(Scheme 8). Epimerisation of LL-2,6-DAP (28) results in meso-DAP
(29) and subsequent decarboxylation gives L-lysine (1). It follows that
inhibitors of the DAP pathway to L-lysfne (1) may possess
antibacterial properties with no mammalian toxicity. It is believed
that the DAP pathway to L-lysine (1) in plants is analogous to that
found in bacteria. Therefore, inhibitors may have additional herbicidal
activity.

The synthesis of L-aspartic acid B-semialdehyde (20) was
achieved within our group by Dr. D. Tudor. This will be discussed in
Chapter 3. A number of derivatives of L-aspartic acid B-semialdehyde
(20) were prepared in this work. The synthesis and testing of these
compounds will be discussed in Chapter 3. L-Glutamic acid y-
semialdehyde (122) and L-aminoadipic acid 8-semialdehyde (17) are
 homologues of L-aspartic acid p-semialdehyde (20). Chapter 4 of this
thesis deals with their synthesis and testing.

The first synthesis of the proposed intermediate of the DAP
pathway, L-2,3,4,5-tetrahydrodipicolinic acid (26), was achieved by
Dr. L. Couper, a former co-worker. This will be discussed in Chapter 2.
Analogues of L-2,3,4,5-tetrahydrodipicolinic acid (26) and L-2,3-
dihydrodipicolinic acid (25) have been prepared. The synthesis and

19



test results of these heterocyclic analogues will be discussed in

Chapters 5 and 6.
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Chapter 2 - The Diaminopimelate Pathway to L-Lysine.

Introduction.

Bacteria and some plants have been shown to biosynthesise
L-lysine (1) via the diaminopimelate (DAP) pathway (Scheme 8).
Whereas all seven of the enzymes of the DAP pathway have been
identified in Escherichia coli, only four have been isolated and
characterised from plants. The initial step on the pathway involves
the condensation of L-aspartic acid B-semialdehyde (20) and pyruvate
(24). The enzyme involved in this reaction is dihydrodipicolinate
synthase (DHDPS). A further six, unique enzyme catalysed reactions
result in L-lysine (1). In this Chapter, reported studies on each of the
enzymes of the DAP pathway in bacteria and higher plants will be
reviewed. This will include discussions of enzyme isolation and

purification and mechanistic and inhibitor studies.

2.1 Dihvdrodipicolinate Svnthase.

L-Lysine (1) biosynthesis via thé DAP pathway in bacteria
and higher plants starts with aspartate (19) and shares the first two
reactions with the synthesis of L-methionine (21), L-threonine (22)
and L-isoleucine (23) (Scheme 7).29 The first step unique to L-lysine
(1) biosynthesis is the condensation of pyruvate (24) and L-aspartic
acid B-semialdehyde (L-ASA) (20). This is catalysed by the enzyme
dihydrodipicolinate synthase (DHDPS).
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DHDPS has been characterised from bacteria and a wide
range of higher plants including spinach (Spinacia oleracea), wheat
germ (Triticum aestivum L.), maize seedlings (Zea mays L.) and has
been highly purified from wheat cell suspension cultures and tobacco
leaves (Nicotiana sylvestris). The complete amino acid sequences of
DHDPS from E. coli, Cornynebacterium glutamicum, wheat and maize
have been reported.30,31 These enzymes have been shown to exist as
homotetramers, composed of four identical subunits.

Shedlarski and Gilvarg purified DHDPS 5000-fold from crude
extracts of E. coli W.32 The protein was shown to be homogeneous by
polyacrylamide gel electrophoresis and to bear a net negative charge
in the pH range 6.0 to 9.2. Amino acid analyses indicate the complete
absence of methionine. The purified protein showed a single band
upon a denaturing gel (SDS-PAGE) corresponding to a molecular mass
of 33,000.33 This is in good agreement with the molecular weight of
31,372 predicted from the nucleotide sequence of the dapA gene.30
Since the molecular mass of the native protein has been estimated at
134,000 by gel permeation chromatography, DHDPS is most likely to
be a tetramer composed of four subunits with identical molecular
masses.32,33,34 In bacteria, DHDPS is subject to two different types of
control. In E. coli 35 and Bacillus sphaericus 36 the DAP pathway is
characterised by a lysine feedback inhibition of DHDPS. In C.
glutamicum 37 and some Bacillus 38,39 species there exists a lysine-
insensitive form of DHDPS. |

In 1975, Cheshire and Miflin first reported a partial
purification of DHDPS from maize (Z. mays L.).40 Mazelis and co-
workers detected DHDPS activity in a range of both dicotyledonous
and monocotyledonous species including corn, bean shoot, cabbage

leaf, spinach leaf, potato tuber and squash fruit and succeeded in
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partially purifying DHDPS from wheat germ.4l Wallsgrove and
Mazelis obtained partially purified DHDPS from spinach leaves (S.
oleracea L.) by chromatography and gel filtration.42 They found the
molecular weight of the enzyme to be 115,000. The DHDPS of spinach
leaves was found to be localised in the chloroplast where the pH
optimum is pH 8.2, close to the stromal pH of chloroplasts in the
light.43 DHDPS was purified 5100-fold from suspension cultured cells
of wheat (Triticum aestivum var. Chinese Spring) by Kumpaisal and
co-workers in 1987.44 An average molecular weight of 123,000 was
obtained from gel filtration with a subunit molecular weight of
between 32,000 to 35,000. The enzyme exhib.ited maximum activity
at pH 8.0.

Ghislain and co-workers45 isolated and characterised DHDPS
from N. sylvestris. The synthase was localised in the chloroplasts and
identified as a soluble stroma enzyme by enzymatic and
immunological methods. The molecular weight of the enzyme was
determined to be 164,000. By carrying out isotopic labelling
experiments with 14C-pyruvate, the enzyme was shown to be
composed of four identical subunits of 38,500.

A more recent isolation of the enzyme was from maize leaves
(Z. mays L.) by Frisch and co-workers.46 They obtained a 30,000-fold
purification and a molecular weight of 130,000 for the native enzyme.
The subunit molecular weight of maize DHDPS was estimated to be
38,000 on SDS-PAGE. |

23



+
A'B/ A'B/ < ? >SA(? 3/
>A)? >A&?
* >A&?
BAcC&& #
n >A)?
>B)?
>B$? - " &/
+ < >BA? 3 !
@ >A(? %7
#
A K J+
<
+A )
#< #<
Al
7:13 |7
A < >B$?
>BA?
A<
<
3/A'B/ <
>A(?

%

A&



713

<

>BB? +

&/ 2 /3/A'B'&"(/+<
" 0
@
&V
/I7<[ K )JO :7:/13 [7N
) A< <
>A&? >B)?
H#H<
H )A< "
<
>BA?
% & I #
<
3/A B/ <
>A(?
$)
0 ! B A
@

A(

>BA?
Q@

) A<

#1 7
<A
>BB?

% &

$

> A



borohydride only in the presence of pyruvate (24) with DHDPS
isolatéd from E. coli. This suggests that the formation of a Schiff's base
intermediate between DHDPS and pyruvate (24) takes place in the
enzymatic reaction. They also established, by chromatographic and
electrophoretic methods, that the Schiff's base is between the
carbonyl group of pyruvate (24) and an g-amino group of a lysine
residue attached to the protein. More recently, in an X-ray study of
DHDPS, Laber et al. have identified Lys-161 as the active site lysine
residue of DHDPS.34 Sequence alignment and comparison revealed
that Lys-161 is the only lysine residue conserved in the five
characterised DHDPS isoenzymes.

From kinetic studies carried out on DHDPS isolated from
wheat suspension cultures, Kumpaisal et al. 44 have proposed that the
reaction proceeds via a 'ping-pong' mechanism. Pyruvate (24) first
binds to the enzyme to form a Schiff's base (Kp 11.76 mM). Ky, is the
Michaelis constant, the dissociation constant of the enzyme-substrate
complex. Water is then released, followed by the binding of L-ASA
(20) (Km 0.88 mM). Nucleophilic attack of the pyruvyl enamine on the
L-ASA aldehyde group could then take place to give intermediate
(31).

Kinetic studies carried out by Laber et al. 34 with E. coli
DHDPS have also given. results consistent with a ping-pong
mechanism. Ky values of 0.57 mM and 0.55 mM for pyruvate (24)
and DL-ASA (20) respectively were achieved.

The product of the enzymic reaction catalysed by DHDPS was
found to be extremely labile, severely limiting efforts for its thorough
characterisation. It has been suggested that the proposed product, L-
2,3-DHDPA (25), would be expected to be in equilibrium with L-2,5-
dihydrodipicolinic acid (34) and 4-hydroxy-L-2,3,4,5-THDPA (32)
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2.4 Dihydrodipicolinate Reductase.

The enzyme dihydrodipicolinate reductase (DHDPR) catalyses
the pyridine nucleotide-linked reduction of L-2,3-DHDPA (25) to L-
2,3,4,5-THDPA (26) (Scheme 12).

The reductase was first described in E. coli by Farkas and
Gilvarg.49 Tamir and Gilvarg30 succeeded in purifying the protein to
homogeneity. A molecular weight of 110,000 was calculated and the
Km value obtained for L-2,3-DHDPA (25) was 9.0 uM. The pH optimum
was 7.0 with either NADPH or NAPH as the cocatalyst.

DHDPR was purified 100-fold from crude extracts of both
Bacillus cereus and B. megaterium.51 The molecular weights of the
proteins were 155,000 and 150,000 respectively. The reductases
were inhibited noncompetitively by dipicolinic acid (44) with respect
to L-2,3-DHDPA (25) and the K; values were 85 uM and 1:10 uM
respectively.

DHDPR has also been isolated and partially purified by Tyagi
et al. from maize kernels.32 The crude maize extract and the partially
purified enzyme were assayed for DHDPR by their ability to restore
the capability of crude extracts of a mutant E. coli (defective in
DHDPR) to synthesise meso-2,6-diaminopimelate (29) from L-ASA
(20) and pyruvate (24). The Ky, value obtained for L-2,3-DHDPA (25)
was 0.43 mM and for NADPH the Ky, was 46 uM. The enzyme had a
pH optimum close to 7.0 and was much more temperature labile than

the bacterial enzyme. Its molecular weight was 80,000.
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2.5 Mechanism of Dihydrodipicolinate Reductase.

2.5.1 L-2.3-Dihydrodipicolinic Acid (1-2.3-DHDPA).

L-2,3-DHDPA (25) is extremely unstable and its isolation has
not yet been achieved. Shedlarski and Gilvarg32 suggested that L-2,5-
dihydrodipicolinic acid (34) might be the reaction product of the
pyruvate-ASA condensing enzyme and that this isomer may be in
equilibrium with L-2,3-DHDPA (25) and 4-hydroxy-3,4,5,6-
tetrahydrodipicolinic acid (32) (Scheme 12). It is not clear which of
these three compounds is the immediate prbduct of the enzymatic
condensation.

Tyagi et al.52 described the synthesis of L-2,3-DHDPA (25) by
the condensation of L-ASA (20) with oxaloacetic acid in alkali. L-2,3-
DHDPA (25) was precipitated as its barium salt. The compound was
stored in water at -80 °C and was found to be unstable at room
temperature at neutral pH. Only freshly prepared material was used

in enzyme assays.

2.5.2 Mechanism of Formation of L-2.3.4.5-Tetrahvdrodipicolinic Acid
(1-2.3.4.5-THDPA).

The reduction of L-2,3-DHDPA (25) to 1-2,3,4,5-THDPA (20)
by dihydrodipicolinate reductase requires the use of NADPH as a co-
enzyme. NADPH, the reduced form of nicotinamide adenine
dinucleotide phosphate, is the major electron donor in reductive

biosynthesis. When a substrate is reduced, the hydride anion is
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