' The Nitrogenase Enzyme Complex
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Biological N, fixation is mediated by the enzyme complex nitrogenase. It is most ap-
propriately called the “nitrogenase complex” because it consists of two protein com-
ponents each composed of multiple subunits. The nomenclature of the nitrogenase

complex is as follows (Evans and Burris, 1992):
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* The overall complex is known as nitrogenase.

* The molybdenum-iron (MoFe) protein is dinittogenase (the “type species” sub-
strate is dinitrogen; enzymes conventionally are named relative to their sub-
strate).

' » The iron (Fe) protein is designated dinitrogenase reductase; the general consen-
sus is that its function is the reduction of dinitrogenase.

Characteristics of the two proteins are summarized in Table 13-1. A diagrammatic
representation of the nitrogenase complex is shown in Figure 13—2. What sets the ni-
trogenase complex apart is that it:

'~ * consists of two proteins, the MoFe protein (dinitrogenase) and the iron protein
(dinitrogenase reductase),

* is destroyed by oxygen,

e contins iron and malybdenum or vanadium,

* needs Mg’* ions to be active,

* converts ATP (o ADP when functioning,

 is inhibited by ADP, |

* reduces dinitrogen and several other small triply bonded molecules, and

* reduces H" to H, even when dinitrogen is present. -

The overall reuction for biological N, fixation using nitrogenase is shown in
Figure 13-2. Two MgATP are required for each electron transferred from dinitroge-

-

nase reducta_ssTo’ainitrogenase; thus the reaction shows a requirement of 16 mole-
cules of ATP (112 kcal). Under narural conditions, however, probably 20 to 30
—_—

—

. ot \ .
Table 13-1 Characteristics of dinitrogenase (the MoFe protein) and dix'xitrogenasef reduc-

tase (the Fe protein).

Dinitrogenase
Mol. wt.: 220,000-270,000
Has 4 subunits: 2 approximately 50,000 mol. wr.

2 approximately 59,000 mol. wt.

2 molybdenum atoms per molecule

22-24 iron atoms per molecule

HalF-life in air: up to 10 min, | ’
Dinitrogenase reductase

Mol. wt.: 55,000-66,000

Has 2 subunits: 27,500-34,000

No molybdenum

4 iron atoms per molecule

4 labile sulfur atoms per molecule
Half-life in ajr. 0.5-0.75 sec.

Addpted from Postgate (1987). Used with permissior;.
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tase (the Fe protein).

Dinitrogenase
Mol. wt.: 220,000-270,000
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22-24 iron atoms per molecule
Half-life in air: up to 10 min.
Dinitrogenase reductase
Mol. wt.: 55,000-66,000
Has 2 subunits: 27,500-34,000
No molybdenum
4 iron atoms per molecule

4 labile sulfur atoms per molecule
Half-life in air: 0. 5-0.75 sec.

Adapted from Postgate (1987). tsed wi permission.



““ 2 CAAPLEer Ly DHOIOR L AL LSRG 3 essason s meee
f ’

P MgATP are needed as the process is less efficient than when observed under opti-
£ mum laboratory conditions (Burris and Roberts, 1993). A consensus on the general

model for the mechanism of nitrogenase has evolved over quite a few years. The
yd mechanism ¢an be summarized as follows (Evans and Burris, 1992).

. /. Dinitrogenase reductase (the Fe pmtcin\ accepts electrons from a low-redox '
donor. such as reduced ferredoxin (Fd,e) or flavodoxin, and binds two MgATP.
RS —

« It transfers electrons, one at a time, 10 dinitrogenase (the MoFe protein). «~

e Dinitrogenase reductase and dinitrogenase form a complex, the electron is trans-

terred, and two MgATP are hydrolyzed to two MgADP + Pi (phosphate).
- MEY Jamac

e Dinitrogenase reductase and dinitrogenase dissociate, and the process is then re-
—_—
peated.

e When dinitrogenase has collected enough electrons, it binds a molecule of dini-
trogen, reduces it, and releases amumonium.

« Dinitrogenase then accepts additional electrons from dinitrogenase reductase to
repeat the cycle.

FeMo-Cofactor —\
Fd (oxidized)
N, + gH*
Fd (reduced)
'
nMgATP
T emeryy €W
— . ) 2NH. + H
< k £ li.ﬁ ML 3t 2
0 used NMgADP + nPi U ¢ N
trasfer € P (n216) Sl oHy + 2H ——-CoH, -
.{«;rm Oh M'('("b""—m Dinitrogenase . ' Dinitrogenase Aod
k rodiictase (Iron-molybden (Acety s
< ) - um
vdudove (Iron protein) \ protein) ¢ _\,\;,‘. b

d" "M*mse Overall reaction;

N, + 8H° + 86 + 16MATP ———=3— 2NHj + H, + 16MgADP + 16Pi

Fi ' :

dixg;:rc 13-2 The nitrogenase enzyme complex consists of two protein components

¢ mn [:ogemse reductase (the Fe protein) and dinitrogenase (the MoFe protein). The 1
ogenase reductase gathers electrons from low-redox carriers such as ferredoxin

and ﬂZlVOdOX.iﬂ and ra e (o} initroge |he (lll]lll()—
l'le rs [h m to dlnl 0gends i 4 i

‘ ) e. Nitrogen is bOUl'ld to ini

genase prO[eln Where it is redUCCd.

¢ 35




The Nitrogenase Enzyme Complex
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In each cycle of N, fixation, dinitrogeniase sl Sinieopera e oty oo
gether, MRATP 1s hydrolyzed, and an electron s translemed 5o i gy iy ; /
MoFe protein-Fe protein complex is the rate Liniting tep of © o oy es (o fae s
nitrogenase complex is “remarkably slow- it takes 1 25 e fog 3 nojoc ooof oo
zyme (o form two of NH, The two proteins bave (o come togett e sodd w0 s

\ - tmes to reduce one N, molecule” (Postgate, VJAT) A corimaqierce of 1o e
of nitrogenase is that Nfixing bacteria must synthesize 3 iop oA e e
Nitrogenase can commonly account for 1007 of the cell's profeics, and e .y
40% have been recorded (Postgate, 1994)

Returning to the reaction in Figure 13-2 of biclogcal
that for every 8¢~ transferred via the nitrogenase compler, 3¢ are cor et
the formation of H, The production of H, that accompanies e fizaton o 5, o
obligatory. One H, (requiring 4 MgATP) is released for each N, recduced v 205,
(requiring 12 MgATP). Thus, 25% of the energy from MgATP is “lost” n the prifds
tion of Hy. Interestingly, some diazotrophs contain an uptake frycrogenase that &
lows them to oxidize some of the H, and to generate a reduced electzon carmer of
MgATP. This can then be used in the N, fixation reaction, thereby recaptunng i«
of the energy lost. - .

The physiological requirement)s’ for a free-living diazotroph to fox cinitrogen are
summarized in Table 13-2. These requirements stem in large part from the unG
properties and requirements of the nitrogenase complex, including its exceptional %z
sitivity to molecular oxygen, the metal content of the complex (iron and molybdenum
or vanadium), and the need for adequate supplies of reducing power and MZAT?

Mo fixatun we b rcee

7 4

Substrates for Nitrogenase
The principal substrate for nitrogenase is dinitrogen (N=N). Note that the ™o
atoms of nitrogen are joined by a triple bond. In addition to reducing protons (© H,
'L
<

P

Table 13-2 Physiological needs for N, fixation by free-living diazotrophic microbes.

Trace elements
Molybdenum or vanadium, iron—for nitrogenase

Magnesium—for production of MGATP
ATP—a minimum of 16 ATP per N, fixed. Probably 20-30 under naturl condinons.

Needed for nitrogenase actvity and for nitrogenase synthesis. The high ATP requure-
ment means an abundant supply of energy-yielding substrates must be readily avadable

for vigorous N, fixation
Acceplable temperature
Most diazotrophs are mesophiles.
Many will not grow on media at 37°C.
Nitrogenase activity falls off rapidly at about 40°C,
Oxygen excluded from the enzyme complex
Nitrogenase is destroyed by O,
Source of low-redox reductant
Restricted to the naturally occurring ferredoxins and flavodoxins.
Reduce hydrogen evolution—up to 35% of the ATP diverted to nitrogenase may be con-

sumed in H, evolution,
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