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Absract :  Under a gven condition of crydallization, dark brown short rhombohedron crygas could be obr

tained fromA nif Z MoFe protein purified from a nif Z deleted mutant srain of Azotobacter ving andii Lipmann.

Sysemetic gudieson the efect of concentrationsof PEG 8000 ,Mgd, , Nadl , Tris and buffer pH on the cryga-

lization and cryda growth of the protein showed that the protein could not be crydalized in lower concentra

tions of the chemicals and lower bufer pH. A large arount of srdler crygds of the protein gopeared in a
week with gradua increasng in the chemica concentrations and pH=8. 0. When the chemical concentrations
were further increased , the time for crygallization was increased and a few high grade crydds of larger sze
were formed. If the concentrations of the chemicds were continuoudy increased , many crydals with srdler
dze, and, metimes of poor quality gppeared again and eventudly ceased to produce any crydas. The opti-

mal concentration for each of the above mentioned chemical s varieswith other variable factors. Only one bigger
crysga (both of the longest two ddes: 0.16 mm) ocould be obtained in a hanging drop of protein sample when
the concentrations of PEG 8000, Mgd,, Nad , Tris and protein were kept at 1. 86 %, 300 mnol/L , 400
mmol/L , 53 mnol/L and 4.64 g/L , repectively , with Tris buffer pH 8. 2.
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FeMooo and Pcluger in nolybdenum-iron (MoFe)
protein of nitrogenase plays a very important role in the
gructure and function of the protein*!. The biosynthes's
of metaloclugers in nitrogen-fixation bacteria in vivo are
controlled by many nif genes®!. Thus, deletion of the
relative genesin the bacteriawould lead to synthesze new
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MoFe proteins, in which the metalloclugers are either de-
ficient or changed in gructure. Earlier gudies showed the
Rcluger in the AnifZ MoFe protein from nif Z deleted
mutant drain of Azotobacter vindandii was obvioudy
changed, but ot the FeMooo , indicating that the lower
activity and ingability of the protein in Sructure were
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mainly related to the changes in Rduger® ®!. Up to
date, the gudies on the rdationship between dructure
and function of the protein has been a subject of inpor-
tance and interest for understanding the mechaniam of ni-
trogen fixation of nitrogenase. It is necessary to perform
X-ray diffraction andyss of the protein cryga for better
accessd this relationship. However , the protein crydals
obtained were ot big enough'® *and the growth of crystal
auitable for X-ray diffraction was usudly very difficult ;
Thence, it has become a main hindrances for proteins
crysalography!®!. Therefore, it is urgent and inportant
to screen the nog suitable conditions for groath of snge
larger cryda o high quality. The present sudy is under
taken for the attenpt to sect the nog suitable condition
for crygalline gronth of the A nif Z MoFe protein which is
mot only susceptible to O, ,but do has a drawback in
gructure.

1 Materialsand Methods

Qowth of the nifZ deleted mutant grain of Azoto-
bacter vind andii , purification and determination of the ni-
trogenase were carried out acocording to the method of
Zhong e a'®land Wang et al!*!.

Determination of protein concentration, activity and
metal content of the AnifZ MoFe protein were carried
out , regpectively , according to the method described pre-
vioudy!* !,

Experimentation on crygaline groath of the Anifz
MoFe protein was performed acoording to the methods of
Wang e al!¥! |Huang e al'®'and Drenth e all™. Unless
described e sawhere, different crydaline solutions were
prepared by addition of a given volume of protein precipi-
tants and sts. PEG 8000,Mgd; and Nad were dis
lved in 83 mnol/L Tris bufer (about pH 8.2) contain-
ing 11 % dycerin. By usng the hangng drop method ,
the wolumes of the protein, interna and externa crys
taline olutions added were 3, 3 and 1 000U L , repec-
tively. The samples should gand for 5- 7 days or longer
a20 or4 . Alld the olutions used were rigoroudy
degased and filled with Ar, and contained 2.1 g/L
Na,S04. All operations were done under atrmophere of

Ar.

2 Resultsand Discussion

The A nif Z MoFe protein being honpgeneous as de-
termined by Goomasse gaining of DS gel's here reported
was the same as that reported in earlier paper!®. From
judgement of its subdrate reduction activity, circular
dichroisn (CD) spectrum, metds content , FeMooo ex-
traction and PAGE €tc. , it was shown that the dructure

of Rcluger in the protein was changed!* ®!. Many experi-
ments of crysta growth have evidenced the crygdline o
[ution composed of PEG 8000, Mgd, and Nad was the
beg one anong tree crygdline lutions described earli-
e in terms of quality , sze of the crystal and probabili-
ty.

2.1 Rdations o the crydalline growth o Anifz
MoFe protein to Tris concentration and its pH

2.1.1 Tris buffer pH Asreported earlier®! | the pH
o the bufer used for crygdlization of the A nif Z MoFe
protein was higher than 8.0, which isthe same as that of
OP MoFe protein'™ | but different from that for the needle
micro crydas of the OP MoFe protein which was pH
7.4181 When the Tris concentration was increased and
NaQ wes diluted to about 40 mmol/L® | the Anifz
MoFe protein was difficult , if not a al , to be crysalized
a pH<8.0. BEven if the Llution was origndly bufered
at pH between 8.1 and 8. 2, there 4ill exised a gradud
reduction of the frequency and quality of crygalization &-
ter aperiod of time a atenperaturedf 4  asthe pH de
creased to 7.9. However , both the probability and quality
of crydadlization were redored by readjusing the same
bufer pH to the optimd pH of 8.2. The sze, number
and quality of crygds were criticdly related to the pH
vaue. Although the optima pH was about 8. 2, yet the
A nif Z MoFe protein could be crysdlized in the lutions
with pHfrom 8.11t0 9.0 (Table 1) .

Table1l Hfect of pHon crygdline gronth of the nif Z MoFe pro-
tein

pH of Qydd

bufer? dze Nurmber Qudlity
9.0 Sl L. A? Worse
8.7 Smdl Many Roor
8.5 Big 10- 20 Qod
8.3 Big 10- 20 @od
8.2 Bigger 6- 13 @od
8.1 Big 10- 20 God

1) Thefind concertrations of Tris,Nad ,Mgd», dycerin, PEG 8000 and
protein were 52.6, 322.6 and 315. 3 nnol/L ,5.55%,1. 86 % and 4. 64
o/L repectively. 2) Large avount.

2.1.2 Tris concentration in the buffer Like the
MoFe protein from Azotobacter vindandii (OP) (™ | the
Anif Z MoFe protein, could be crygallized when the Tris
concentration was 53 mnol/L (pH =8.0) under the conr
dition of suitable concentration of precipitant and sts. In
order to obtain the bes condition for the crysalline growth
o the protein and to enhance the gahility of pH in the
gydem, an attenpt was made to increase the Tris concernr
tration. Urfortunately , result showed that the crygdline
nuclei of the protein increased and the sze of the crysa
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decreased as the Tris concentration was increased (Table
2) . It Sould be gresed that the dfect of the Tris conr
centration on the crygdlization was dgnificant athough
the crygdlization process in the two dropswere not exact-
ly the same because of the dight difference in operation.

Table 2  Hfect of Tris concentration on crygdline gromh o the
A nif Z MoFe protein

Tris Oysd
?ﬁ: Drop 1Y Drop 2V
(/1) Sze Number dze Number
53.5 Sl 1 Bigoer 3
73.2 Sl 23 Sl 25
108.1 Srellest L.A% Srellest Lot of

1) The find concentration of Nad ,MgQd, and gycerin were 320. 4,152. 7
mnol/L and 5.20 %, regectively , buffer pH 8. 3, the others were the same
asthosein Table 1; 2) L. A large anount.

Table 3 Hfect of concentration of PEG 8000 on cryddline growth
o the A nif Z MoFe protein
Fird
DN 160 1.70 1.85 1.91 2.00 2.20 2.40 2.61 2.8l
tration

(%)

ogf /Sl Bigger Srell  Higher Srdler
Qved 2 Many Sme Mary  Higher More

number

1) Thefind concentrationsof Tris, Nad , Mgd, , dycerin and protein were
53.5,320.3,145.6 mmol/L , 4.6% and 4. 64 g/L , regectivdy; 2) No
crysd .

2.2 Rdationship between the crydallization of the
Anif Z protein and the concentration of PEG 8000

As shown in Table 3 ,the concentration of PEG had
an important efect on both the posshility of crysallization
and the cryda dze of the protein. Under the same conr
centration of Mgd,, Nad , dycerin, protein, Tris and
pH o the bufer, the protein could ot be crydallized
when the PEG concentration was < 1. 60 %, but then a
few bigger crysds gopeared when the PEG concentration
was =1.70%. However, further increase of PEG conr
centration to = 1. 90 % could gradudly increase the crys
ta number and decrease the dze. It was indicated that
around 1. 85 % was the optimal PEG concentration for the
formation of a few bigger crygds. Although the results
were dightly different from the previous sudy!* that the
lonves and highes PEG concentration caused the gppear-
ance of larger crygds, yet in the present gudy the mog
suitable range of PEG concentration for the formetion of
the bigges crydaswas between 1.8 %- 1.9 %.

PEGis a precipitant of protein and could absorb war
ter from the ervironment around the protein nolecules,
resulting in decreadng protein disolution. Cryga nuclel
oould not be formed in the PEG 2lution below a critica

concentration, whereas only the larges crysads were
formed a the optima PEG concentration, in which the
formation of small number of the crygd nuclei was very
dow. S that , it could provide the nucle with their poss-
bility to grow to a few large crydas. On the contrary,
when the PEG ooncentration was too high, the formation
o the crysa nuclei was acceerated, leading to the go-
pearance of large number of grall-dzed crygds. With
further increase of PEG concentration cessation of crysa-
lization occurred consequent upon protein precipitation
prior to the formetion of crysa nuclei.

2.3 St concentration related to the crydallization
o the Anif Z MoFe protein

2.3.1 MgCl, The concentration of Mgd, could Sg-
nificantly dfect the crygdlization process of the Anifz
MoFe protein (Table 4) . The protein was not crysalized
in too low or too high concentrations of Mgd,. Although
the protein could be crygdlized in a gven range o its
concentration (75 - 350 mnol/L) , yet the number , sze
and quality of the crygsds obtained were clossly concenr
tration dependent , that is: when the concentration was
lower , the crystd s were large in number , smdler in 5ze
and poorer in quaity ; when the concentration was ome-
what increased , the crystd swere in small number , bigger
in 9ze and better in quality , a few big and high grade
crygds were observed a concentration of 350 mnol/ L
and the protein precipitation was do less (Fg. 1).
When the concentration was further increased large num
ber and smdller 5ze of the crydals again occurred and fi-
naly no cryga could be observed when the concentration
reached 400 nnol/L or higher.

2.3.2 NaCl The same asMgd; , the concentration of
Nad oould obvioudy dfect the crydalline process of the
protein when the concentration of Mgd, was 145. 0 or
300. 1 mnol/L and the other requirementsfor the crysa-
lization were the same (Table 5) . When the concentration
of Nad was lower , the cryga s were in large number and
srdler sze. Then, with the increase in the concentration
o Nad , the number of crydaswas decreased , their dze
increased and their quaity inproved. I it was higher,
not only the crydals were in sral number, bigger sze
and better qudity , but a9 the anmount of protein precipi-
tate was decreased. But the time for crygalline formation
and gronth were prolonged (Fig. 2) . Inone hanging drop
there was only one crygd which was the bigges one
(Fg.2,B). If the Nad concentration was again further
increased , then , the oppodte Stuation appeared with the
crygds being in large number and small dze again, and
finaly no crygadlization when the concentration if reached
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Table 4 Hfect o concentration of MgQd, on crygdline growth of the A nif Z MoFe protein

Bp. 1 (322.8 mmol/LY)

Bp. 2 (320.2 mmol/LY)

Find . Qysd Fnd . Oysd

oconcentration ooncentration

(rmDI/L)Z) Sze Number Qudity (rrm)I/L)z) 9ze Number Qudity
25.2 No® 200.5 Srellet 10 Roor
50.4 No? 249.6 Sl 10- 20 God
75.6 Sl 7-8 Roor 300.1 Bigger 10- 20 God
100.9 Bigger 20- 30 Roor 325.3 Bigger 2-7 God
126.1 Bigger 20- 30 Roor 350.5 Bigoer 2 God

399.7 No®

1) Thefind concentration of Nad ; 2) Thefind concentration of Tris, dycerin, PEG 8000 and protein were 53. 4 mnol/L ,4.82%,1.85% and 4.64 g/L re-

Pectively ; 3) See Tadle 3.

Table5 Hfect of NaQ concentration on crygaline groath of theA nif Z MoFe protein

Find concentration Ovydd

o Nag? Bo. 1 (145.0 mmol/L?) Bp. 2 (300.1 mmol/L?)

(nmol/L) dze Nurrber Qudity dze Nurrber Qudity
250.0 Srdller L.AY God Sl Dme Roor
300.3 Sl e Qod Big 10 Roor
350.3 Sl Dme @od Bigger 4 @od
400.5 Sreles Lot of God Bigoer 19 Gxd
450.7 Srallet Lot of Qod Big Dme? God
500.9 No? No®

1) Thefind concentration of Tris, gycerin, PEG 8000 and protein were the same as those ligted indicated in Table 2; 2) Thefind concentration of Mgd»; 3)
See Table 3; 4) See Table 1; The crygd ot observed in the firg week , then, only one crysa was observed in 5) and oome crydadsin 6) 3 nonths laer.

Fig. 1.

The crystels of A nif MoFe protein obtained by usng 300.1 (A) and 349.2 (B) mmol/L Mg, ( x150) "

Besdes Nad (400.5 mmol/L) ,other crygalization conditions were described in Table 2. Crystdl's were observed 1 week later.

500 mnol/L.

It was shown from above that , in the presence of two
different MgQ, concentrations, the regulaion of Nad &-
fecting the crygaline growth possesses was smilar to that
o Mgd,. Inother words, the highest concentrations (450

- 500 mnol/L) o Nad that block the formation gppear-
ance o the crygads was dmilar to each other in the two
oonditionsof Mgd,. When a higher MgQ, concentration
was needed for the formetion of larger crygds, the higher
concentration of NaQ (400 mrol/L) was a o required.
Thisindicates that the two sdts as well as PEG acted in
coordination with each other in the crygalization of the
protein. By the same token, when the concentration of

Nad and Mgd, was decreased to 320 nnol/L and 350
mol/L , repectively, the bigger crydas of the protein
oould d s be produced.

Crydallization and cryga growth of a proteinisin
deed a conplex physcd and chemical process. The grad
ua formetion of crydds is the reault of an absorption of
the water nolecules around the protein through a dow dif-
fuson from the protein slution as the inner pool to the
outer pool of the sdt olution (the reservoir) due to a
concentration gradient in which the concentration is 2
folds higher in the reserwoir. In generd , the dower diffur
gon alows nore posshility for the formetion of srdler
crygd nuclel and larger crydas.
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Fig. 2.

The crygads o A nif MoFe protein obtained by usng 300. 3 mnol/L (A) and 400.5 mnol/L Nad * (B) .

Other crygalization conditions were described in Table 5 (Bxp. 2) , pictures were made 3 months later. A. Crystas could be observed 1 week
Laer ( x150) ; B. Cygd did not emerge 1 week later , but only one crystd ( x 320 ,loth of longer szes: 0.16 mm) inone drop cond sed
o 3UL precipitant/ sts and 3U L protein was observed 3 nonths later (see mote of 5) in Table 5) .

Factors dfecting the crydalization process, other
than those mentioned above are tenperature , protein corr
centration and Sabilizer , technical bias, etc. The crygas
o the AnifZ MoFe protein grown a 4 were no better
thanthose a 20 . The dfect of the protein concentra
tion on the cryda growth was sgnificant , but it seemed
not to be obvious if it was used with the range of its corr
centration in this experiment. But the addition of suitable
dycerin was faworable to the qability of the protein, the
decrease in precipitation and the large cryda groath. The
technicd error could a o make the formation of crydas
different both in number and sze between the two drops of
the protein slution even under the same conditions
(Table 1,2) . Two technica biasesexiged: (1) the error
o the very small sanple wolume which led to the dgnifi-
cant change in the concentration. (2) In the hanging drop
method , the addition of the tiny sanple on the cover dide
made it inposible to let the lution be differently
mixed. Therdfore, it is necessary to further optimize the
requirements above in order to get the large cryda s with
better qudity.
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