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The nitrogenase complex from Azotobacter vinelan-
dii is composed of the MoFe protein (Avl), an az8:
tetramer, and the Fe protein (Av2), a v, dimer. Dur-
ing turnover of the enzyme, electrons are transferred
from Av2 to AvI1 in parallel with the hydrolysis of
MgATP. Using the cross-linking reagent, 1-ethyi~3-
(3-dimethylaminopropyl)carbodiimide, we have iden-
tified some of the properties of the complex between
the two components. The cross-linking reaction was
highly specific yielding a single apparent M, = 97,000
protein. The amount of cross-linked product was essen-
tially independent of whether MgATP or MgADP were
in the reaction. Also, the amount was maximum at high
ratios of Av2 to Avl.

The M, = 97,000 protein was characterized by amino
acid analysis and Edman degradation and was found
to be consistent with a 1:} complex of an Av2 + subunit
and an Avl § subunit (the amino terminal serine sub-
unit). The complex was no longer active in the nitro-
genase reaction which supports, -but does not prove,
the requirement for dissociation of the complex after
each electron transferred., Nitrogenase activity and
cross-linking were inhibited in an identical way by
NaCl, which suggests that electrostatic forces are crit-
ical to the formation of the electron transfer complex.

Biological dinitrogen reduction is catalyzed by the two
protein complex, nitrogenase. The components of the complex
are the MoFe protein, a a8, tetramer of M, = 225,000, and
the Fe protein, a v, dimer of M, = 63,000 (3, 4). The MoFe
protein contains the putative substrate reduction site which
ts a Fes 2M0:8s.9 cofactor. For substrate reduction, electrons
are transferred from the Fe protein to the MoFe protein
concomitant with the hydrolysis of ATP. An essential feature
of the accepted model of nitrogenase turnover is the require-
ment for the Fe protein and the MoFe protein to dissociate
after each electron transferred (5, 6). Because the substrates
of nitrogenase require one or more pairs of electrons, the
complex must undergo multiple cycles of association/dissocia-
tion for each mole of substrate reduced. A second prominent
aspect of the reaction is the well documented structural
change which occurs in the Fe protein upon binding MgATP
and MgADP (3, 4).
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A number of questions about the nature of the complex
remain unanswered. For example, what is the symmetry of
the complex, i.e. does the docking site on the MoFe protein
involve both subunits? Can the complex reduce substrates
without physically dissociating? Which amino acid residues
are involved in the docking sites? What is the role of nucleo-
tide binding in the docking process? Many of these questions
can be evaluated by molecular model building once the crys-
tallographic structures of the two components are known. On
the other hand, model building will be greatly enhanced by
having prior evidence for the docking sites. In addition some
of these questions need to be considered for proteins under:
dynamic conditions. Towards these goals, we have used chem-
ical cross-linking to study properties of the nitrogenase com-
plex.

MATERIALS AND METHODS®

RESULTS AND DISCUSSION

A variety of compounds have been screened as potential |
cross-linking agents for the nitrogenase components; only the
water-soluble .carbodiimide, EDC,® which cross-links amino
and carboxyl groups has proven promising. As is shown in
Fig. 1, the EDC cross-linking reaction is highly specific for
the nitrogenase complex. A single new protein band (apparent
M, = 97,000) was observed upon gel electrophoresis if hoth
nitrogenase components were present in the reaction. In
contrast, no cross-linking between the constituent subunits
of the individual nitrogenase components was observed. When
creatine phosphokinase (M, = 45,000} was present in the .
reaction as part of an ATP regenerating system, it was not
cross-linked either to itself or to the nitrogenase components.
Furthermore, formation of the M, = 97,000 product appears
to require the active functional complex because only nonspe-
cific, high molecular weight cross-linked material was ob-
served with oxygen inactivated components (data not shown).
The amount of cross-linking was independent of pH between
7 and 9 and of the EDC concentration from 1 to 50 mM. At
higher concentrations of EDC (>100 mM), additional very

! Portions of this paper {ineluding “Materials and Methods,” Figs.
1-6, and Table 1) are presented in miniprint at the end of this paper.
Miniprint is easily read with the aid of & standard magnifying glass.
Full size photocopies are included in the microfilm edition of the
Journal that is available from Waverly Press.

2 The abbreviations used are: EDC, 1-ethyl-3-(3-dimethylamino-
prapyl)-carbodiimide; Avl, component 1 or MoFe protein from Azo-
tobacter vinelandii; Av2, component 2 or Fe protein from A. vinelandii:
the Avl & subunit is defined as the slower moving subunit on sodium
dodecyl sulfate-gel electrophoresis and has threonine as its amino-
terminal residue (1, 2); the Avl 8 subunit is the faster moving subunit
and has serine as its amino-terminal residue (1, 2); HEPES, 4-(2.
hydroxyethyl)-1-piperazineethanesulfonic acid; PTH, phenylthiohy-
dantoin.
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large molecular weight material could be detected at the top
of the electrophoresis gel.

Another line of evidence that the cross-linking reaction
reflects the formation of an catalytically significant complex
is the time dependence of the reaction. The results shown in
Fig. 1 also indicate that the cross-linking is a rapid reaction
with a #; of 3 min for the protein concentrations and ratic
used in the figure. The reaction had excess EDC and was not
limited by this reagent. EDC added after the cessation of
cross-linking (30 min) did not increase the yield of M, =
97,000 material.

One aspect of the nitrogenase model is that the component
ratio as well as the protein concentration affect the amount
of active complex and, thereby, the enzyme turnover. If the
cross-linking reaction reflects the formation of the active
complex, then the component ratio also might be expected to
influence the rate of cross-linking. To investigate this further,
the component ratio in the cross-linking reaction was varied
from a 10-fold excess of Avl to a 10-fold excess of Av2. The
results are shown in Fig. 2. Throughout this 100-fold range of
component ratios, only a single cross-linked protein band (M,
= 87,000) was observed. As the ratio of Av2:Av1 was increased,
the amount of M, = 97,000 material increased until the §
subunit of Avl was substantially depleted. Likewise, when the
ratio of Avl:Av2 was increased (Fig. 2B}, the amount of cross-
linked material was limited by Av2 subunits. However, in
contrast to the nearly complete loss of the Avl 8 subunit, the
Av2 subunits were decreased only 50-60%. Although we can-
not exchude the possibility that 50% of our AvZ is inactivated
by side reactions such that it can no longer react, it seems
plausible that only one of the two subunits in each Av2 dimer
is being cross-linked, whereas most of the Avl # subunit is
incorporated in the M. = 97,000 material. This is also con-
sistent with a specific interaction leading to cross-linking.

Perhaps the most surprising result of our studies was that
the cross-linking reaction is essentially independent of the
presence of nuclectides (see Fig. 3). Not only was the molec-
ular weight and composition of the cross-linked material
unrelated to the presence of nucleotides, but the amount of
cross-linked material was similar or even somewhat less in
the presence of either MgATP or MgADP. What makes this
result so striking is that numerous other probes of the Fe
protein structure uniformly show significant changes upon
binding of nucleotides (3, 4). Under our experimental condi-
tions of saturating nucleotide concentration, it is unlikely
that the cross-linking reaction invelves the nucleatide binding
site or that nucleotide binding is prevented.

Because the EDC cross-linking reaction involves closely
opposed carboxylic acids and amines, it is reasonable to
assume that these groups may be part of ionic (salt) interac-
tions which, in part, are responsible for the complex forma-
tion. Indeed, patches of acidic and basic residues have heen
postulated for “docking” sites in other electron transfer com-
plexes and these residues can be cross-linked with EDC (e.g.
Refs. 10-14). Studies by Watt and co-workers (15} and by
Diets and Howard® have shown that nitrogenase activity is
substantially inhibited by NaCl and other salts. Based upon
modeling of the salt inhibition of enzyme activity, Diets and
Howard® have concluded that salt prevents the formation of
the Av1l-Av2 complex required for enzyme turnover. Fig. 4
shows the results of salt effects on cross-linking of the nitro-
genase complex. For comparison, the effect of salt on activity
is also given. It is evident that both manifestations of the
complex formation are equally inhibited and have a similar
dependence on the salt concentration.

Cross-linking of Nitrogenase

The effect of EDC and of the cross-linking reaction on the
enzyme activity were investigated and the results are pre-
sented in Fig. 5. Just as the individual components were not
cross-linked by incubation with EDC, they also were not
inhibited. In contrast, the complex was rapidly inactivated by
EDC. Furthermore, the inactivation occurred at a rate com-
parable to that of the cross-linking reaction, ¢f. results in Figs.
1 and 5. In accordance with the cross-linking reaction, the
rate of inactivation was dependent upon the component ratio
but independent of the presence of nucleotides. Thus, the
cross-linked material does not appear to have enzyme activity.
Although we cannot exclude the possibility that cross-linking
prevents ATP hydrolysis or electron transfer (14), our results
support the previous hypothesis that the complex must dis-
sociate after each electron transferred (5, 6).

Identification of the number and types of subunits that
compose the cross-linked complex has not been as simple as -
might have been expected for the reasons outlined above.
Amino acid analysis (see Table 1) of the isolated complex was
compared with theoretical values calculated using various
ratios for the known Avl and Av2 subunit compositions. The
best fit of the data was for a 1:1 complex of an Avl 8 subunit
and an Av2 + subunit. Because the amino acid compositions .
for the subunits are so similar (1, 16), unambiquous assign-
ment of the ratio could hot be made with confidence by this
method.

Amino-terminal sequence analysis by Edman degradation
gave a clear identity of the subunits in the M, = 97,000

- material. The results are shown in Fig. 6. At each cycle two

phenylthiohydantoin-derivatives were observed which corre-
sponded to the -Av2 ¥ and Avl 8 subunits. Equally impor-
tantly, no residues for the Avl a-subunit were found. The
calculated initial yields (based on M, = 89,000) were 88 pmol
(15%) for the 8 subunit and 712 pmol (29%) for the Av2 v
subunit, with repetitive yields of 93.6 and 91.2%, respectively. .
The ratio of the initial yields would suggest a cross-linked
complex composed of 0.5 §-subunit and 1.0 «y-subunit. How-
ever, the low percent initial yield for both amino termini,
which is often observed for material isolated using denaturing
buffers or material from cross-linking reactions, leaves in
doubt how reliable the ratio is when determined by Edman
degradation.

Another approach to characterizing the composition of the
complex is the analysis of the cross-linking reaction itself.
Although molecular weights determined by denaturing gel
electrophoresis may give anomalous results for branched
(cross-linked) proteins, the molecular weight of 97,000 seems
to best fit a ratio of 1:1 (M, == 89,000). Furthermore, at
saturating ratios of Av2, most of the Avl g subunit was
converted to the cross-linked complex whereas only ~50% of
the Av2 subunits were cross-linked at saturating Avl. Since
the Av2 subunits do not dissociate or exchange between native
molecules,* the 50% cross-linking of the Av2 subunits is
consistent, with a 1:1 complex.

Thus, taking all of the results together, we favor the M, =
97,000 cross-linked protein as being a 1:1 complex of the Av2
v and Avl 8 subunits. It should be emphasized that there is
no evidence for the presence of the Avl ¢ subunit in the
isolated cross-linked material. Identification of the specific
amino acid residues involved in the cross-linking may help to
determine the ratio. This is presently under way.

Our results provide several important conclusions about the
interaction between the components of the nitrogenase com-
plex, which may be related to the turnover of the enzyme
during catalysis. First, at least part of the docking site for Fe

*T. Diets and J. B. Howard, manuscript in preparation.

*D. Ikeda and J. B. Howard, unpublished observations.
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protein on the MoFe protein is in the 8 subunit. Of course,
we cannot exclude a docking site between the two MoFe
protein subunits where only the 8 subunit has the chemical
cross-linking site.

Second, the docking site has some element of asymmetry
in that only one of the two identical subunits of the Fe protein
1s cross-linked. Furthermore, because there is nearly complete
incorporation of the g subunit, we conclude that the 2-fold
symmetry of the MoFe protein (17) provides two separate
binding sites and that each binding site interacts with a Fe
protein dimer.

Third, a primary component of the docking recognition and
binding energy comes from ionic interactions, at least some
of which are between amino and carboxyl functions. The lack
of cross-linking between subunits of the individual compo-
nents, i.e. Avl and Av2, suggests that ionic interactions may
be more important in component docking than in subunit
stabilization.

Fourth, the cross-linked complex appears to be inactive
which supports the earlier hypothesis that the components
must dissociate after each electron transferred.

Fifth, the individual components were neither inactivated
nor cross-linked, whereas the complex was both rapidly cross-
linked and inactivated. This is evidence for a specific inter-
action in the docking process.

Last, the docking of the two components is independent of
the conformational changes induced by nucleotides bound to
the Fe protein. This is quite significant, because the general
belief is that these conformational changes are large if not
global. However, whatever the scope of the structural change,
it does not alter the region involved in binding to the MoFe
protein. Since the docking site and the Fe:S cluster in the Fe
protein might be expected to be contiguous for efficient elec-
tron transfer, an alternate model for the effect of ATP binding
can be suggested. Namely, nucleotide binding could cause

Mararialx, Metheds.
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reorientation of the subunits with respect to each other with-
out large intrasubunit conformational changes. In addition, if
the nucleotide-dependent conformational change is a gating
mechanism for electron transfer, then the component docking
and electron transfer steps must be uncoupled to some degree.
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Grass-Linking of Nitrogenase Componencz: Structurs and Activity of the

Nitgogenaze Complex

By

Andreaa H. Uilling, Millie Harshall-Georgiadis, Douglos C. Ress, and
. James Bryant Howsrd

MATERIALS AND HMETHODS

The menipulacion of oll veagenzs and peeteina were done under Atwersbic
condizlans ucing a Schleak manifold with Ar and vacuua lines, fhe A¢ var purlfied by
pagzzing over z BASF copper satalyst te raduce che traces of oxygen. Soms axperiments
vere performad inslde an anaccable glove box equipped vizh & Schlenk manifold.
Hitraganake components from A. viselandil. Avl and AvZ. wers purified and
characterlzed as denerided previously (7,8). The H* feduction askay was used o
senizor scclvicy (7). For avd, enly proceln with actlvicy > 2750 meols #y mg™* min'l
and MEATE dependenz Fe chelation of 3,7 Fesmele won usad. Avl had an activity of »
2000 meols Hy mg ™l min"l. Bach pratcin appeared as 3831 ringle canporents on
denazuring gel electtophoresiv. The sacond, lover sppatent molecular welght protein
band frequencly eeh in the avl elcccropharenis, see Figs. 1.4 ix an anomaly of the
rlectrophorosis svstem and Ic depondent upon the sample buffer components. Both binds
bave beon leelated and found te be identlcal by poptide mapping and amine cerminal
aequencing. In the floal purificacion sSep, a pH 6.0, 25 mHt HEPES,MOM bulfer war used
for tho Scphaceyl $-300 gel fllcration chromatography,

The concencration and amine acid composition of both naclve and redused
cachoxypethylated protetns vore detevmined using 4 Beckman 5300 analyzer (1}, Samples
wete hydralyred in € 3 HC1 for 24.72 hrs, atr 110° G. A dizcontinuous gel

clectrophoresiy sraten was used with 8,%-bis{2-hrdroxyerhylIglyeine buffer (93, Anino

tetminal sequences vore determined by repetltlve Edman depradation weinyg an Applizd
Blouystéms 470A gas phase Lnstrusenc =loh an-line PTlamine acld analysis,
Cross-llnking reaetions with EBC were performed wider anserosle cendlzions In 2
ml wovum wlals, Tk standard reaczlon mixzure was SUE 4L and contained 2% @l pll 8.0
HEPES/HOH buffer, 121.% Wi sodiws glihienite. and prezeln (1-23 u, dependlng on the

oxperiment). The reactdon vos {oltleted by che udditlon of a 250 =i srock seluzl

EDC to glve a [inal concentracien of 12,5 mY. Durlng the reactlon, sapples were

clcher for enzyme activity aasays or for pel elactrophoresis. In the lazter eape, the
ceactlen vas terminated by dlluting the protein {nto the uswal sawple preparaziup
buffer contalnlng 200 mf Ha acetato.

Tha cross-linked pretein vas purlfled by gol fllceacion. A large acale ceactinn
alxeure {10 mg proteln ln § ml} was rapidly gel {iltared under anwereblc comditions
on Sephadex G-25 to remove EXC, The protelns wers then dialyzed againez 10 m¥ citric
asie o remove metalr follawed by Clalyvaix agalnst pH £,0. $0 mt ammenium aceiage,
The lyaphilized protains were clasolved in 3 oL of pK 8,0 TRIS/ACL buffer containiop
0.2% rodiun dedecyl sulfate and the disulfldes ware reduced inaerabicaliy wich 10 n
dichlothreizal for 1 hr, at 50° C. The procalns vere swcparatcd br chramatazeapliy on A
150 % 2.5 <m column of Seplaceyl S-100 gesln using the wame bulfer. The crows-Linked
complex. Avl subunitc ang Av2 subublts were {dentlfied by gel ulectrophoresls g the
poclad materlals wore exhaussively dialyzed againzi 10b acetlc acid fo remove she
denaturanc.
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Figura 1. Spaclficicy and £ime depandance of the cross-linking reactios hatvean
Bitcogenass componanta. Na dodecyl sulface gel elactrophorasis of samples fros cross-
Linklag veaction (ses Machods). A. Speclficicy of che cross-llnking reactlon. The
Proteln bagd at Mr=L$.000 (x craatine phosphokinasa feem the ATP raganetacing systen.
lans L: Mixcure of Avl (1.6 4¥) and av2 (9.5 4M) Incubated in pramence of 12.3 mf EDC
for 30 min. at 25° C. Lane 2: AvZ witheur EOC, Lana 31 Av? Lncubated vich EDC. Lana
4: avl wicheur EDC. Lane 3: Avl incubated wich EDC. B. Time depandence of the cromc-
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enzyme acthvity {nMols Hydrogen/min}

] 200 400 @0 [

MNaCO mi
Flguce 4. Saic dependance of nicrogenaie attivity and of tha cross-linking reaction.
Accivity

ays vare cone az 4 10-fold molar excess of AVZ (47 ug Avl and 166 ug Avi)
in prazance of the Indicated concenteatlons of Racl in 1 ol scandsrd asgays. In a
EpaTAd sxpatrimant tho nitrogenase compenants were incubacad wich 12.5 af Z0C fo? §
aine. in precance af various concencratiens of KaGl. Samplex of che reastlon
mixEuras were analyzed by Na dodecyl sulfata gol olectrophorasiz. The tesults are

shown ia the {nsest. Lane 1-8: 1.7 wi HoFwsprotain and 22.1 pi Fe-pretein wers croms-

Llaking teaction. Lanex 1-8; Avl (1.7 uH} and Av (22.1 aM) uers incubated ulch 12.3
it EDC. Samples wore remcved from the reacclon mlxcura ac 0, 0,5, 1. 2. 3. 3. 10, and
20 min.. and were analyzed by gel electrophoresie.

linked for 1T min. under arandird condleions in pracenca of 0 aM, 100 ad, 200 mM, 200
4i, 400 mH, 500 aM, 400 mM, and 700 md HaGl, Tuspactively,

-7
"
. 58
-+ 45 100 - — Av2
n ~— T Avi

75

Figure 2, Cosponent ratic depandence of the crosa-linklng ceaction betvesn Avi and

AvZ. Ka dodecyl sulfate gel elactrophoresic of samplax fiom croes-linking Teactlon.
A. Reaction in ths prexense of an excasn of Av2 undef dtandard condiblonc. Lanet 1.
61 3.7 pM Avl wac reacted for 3 mlnuces with 3.7 uM, 7.4 wd, 11.2 uM, 2.1 w0, 29,8

i, and 37.2 WM A2, recpaczlvely, B. Rasction in The presenca of an axcazs of avl
undar skandard condictions. Lanes 1-47 2 M Avi vas resctad for 10 mine, vith 2 o, 4 1:3
il B, and 12 48 Avl. Llane 5@ reactiocn mixture as in lans &, but vichout EOC. Dus
te che lazge amount of HoP#-protein used im thls sxparimanc, ainor lapueitian (<20}

betos detestable. buc 48 can ba seen by compatison of lanes 4 and 5 tha Hre9Y.000 1:6
band £ che only cross-linksd preduct.

rel. anzyme activity { % )

0 " T
] 10 20 30 40
Time {min)

Flgure S, satie dupand of al

aecivity under cross-linking
condicdons, 3.7 uH Avl van incubated vich 12,5 a¥ EOC and aither a 3.fold malat
axcess (1:1) or a §-fold molar axcass {1:6} of AvZ undet sfandsrd conditlona. AG the
¢ indicaced time polnts sampler wars romoved and aczayed for nltropemase activicy in 1
97 w1 standazd Hy avolutfon assays as describod under matheds, As 2 comparifon tha
individual components {AvI, Awl) ware incubpted undetr identieal condltions. In these
casex mamples of the reaction mlxtures were assayed in presence ef saturating
<oncentrations of the other componanc.

<— 67
«€— 58

«—145

«— 29

cysla 12 3 & 5 & 7 4 910121213 22 15 16 17 18 1¥ 20 Ref,

a-chain TR X S$SREEVYESLIQEWYLEUWVY P (L)

Bichain S Q¢ V¥ D K1 KASYPLFLDGQODBY K (1

Avlaubunit 4 X R Q@ € A I ¥ 6 K € G 1 6 K £ T T TQ (16

Flgure 3. Cross-linking of nicrogenase <aEponants in prasance dnd sbsancs of

nucleatides.

found $ QQ ¥ 0 K1 % A$ Y PLFLDQDRTYE
3.7 03 Avl and 22.1 WM A¥2 vera Lucubated for 5 min. wich EBC under A

I ¥ 6 K €61 ¢ K S TTTQ.ru?h
stundard eondltions. Samples of the feaction mlxture were analyzed by Na dodecyl

sulfaze gel vlectrophoresis. Lane 1: evous-linking without adued nucleatide. Lanw 2: Figura £. Aaloo termlnal yaquence of the crocalinksd conplex. Cdman depfadaticn
cross-linklng in presence of 5 v HGATF. Laow 3: creas-linkiop in presence of 5 for 20 cyclas wax performed s Indlcated in “Mathodu”™. Tor tomparizon, the amine
HEADP. varminal saquenced for the Lsalaced Avi 4n¢ Av? subunits ara given.
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X L

Jning acid compouition of tha covalent oorplex
Tha purified corplex wos rwduced corboxymerthyletad and doplicata saxples wore hpdrslyved for 24, 45, and
71 h as described in tha Hethods, Tryptophan ia dastrored urder thess corditions and was not included for
o analysis.
ealenlatad: From tha published of the minalte, the of
ot the indismted ratios of mannits and their omet molecular weights wers oxladated (1,2,18}.
Fourrl: Tha anino acld ratios shich vere cbtajned by aino scid aalysls of the porified comles ware norsalized
1o the molecular waights of the thyes iilonted oomplesw,

Diffarencu: Parcant differwnce beteoen the fourd ard the calculated corpositicna,

Jaire aeld AN, = componition A {3 - compoattion au¥,- ooposteion
Found Calculatad Diffarwnos ford  calculated Differwros foud  Galaulstad  Biffarence

L 35, a7 - 0.8% 16,7 w7 - 0.5t azd k] - 9.9%
et “oe 4% - L4k £0.3 5% 17 4.5 2z +32.8%
Sart WM a5 LER-1Y 46.3 4 2.8t 32.1 41 ~20.2%
i 0.4 a1 2T 122.2 24 - 1.5t 6.2 "% + 0.2
Pro M M + 1.2t 46.6 4z 4110t 320 26 417.1%
iy €.3 114 + J.4% 1.7 5 m 1.4t 651 I -9.5%
Ma 9.6 57 - 4.8y £0.§ &3 - 5.1t 6.9 ] - 5.2%
ot 4.0 = - 67t pLX) 1z -12.6% 1.4 16 -85
vay 4 £ - 1.0t 0.4 L4 - §.5¢ 4.7 & - 3.5¢
et 12.0 B0 -5 4.3 < - 9.8 3o n - L6k
Tla 4.5 43 - 2.4% 5.4 Iy 1.3 L] L] =27.8%
Lau .3 & + 0.5% 5.7 L *3a% £2.3 45 #79.2%
e 5.7 £ -3 Ha as - 0.8% 4.5 w ~18.7%
Pre 4.3 26 -4 452 %2 4102t 222 28 “30.8%
Hia e 1 - 44k n.a 20 +16.5¢ 16.4 bb] “26.2%
Lym 6.2 =% + 0.4t 759 k] + 4.0t 5.6 = -2.5%
A=y 3.0 M + 5.9% 48.7 &7 + 3.6 .4 kL] =31.8%
Differenca, rooft wmn spared PR3 5.0 18.8%
Holecular valght £9,0%8 120,442 54,958

&, Values are exrapolated o Snitlad tire of hydrolysls to account for derruction
b. Cystaine i3 M &
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