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The effects of various nitrogen sources on the expression of nif gene were investigated using #if-lac
fusants of Klebstella pneumoniae. K. pneumoniae UN 2979 was infected with Mudl lysate prepared by
heat induction of K. pneumoniae UN 4482. About 80 nif-lac fusants were isolated and designated as LX
series. In the prescence of NH4" , #-galactosidase activities on #éf-Jac fusants were greatly repressed.
Amino acids, such as serine, glutamine and asparagine, were found to support the growth of K.
prneumoniae M5al quite well, and showed a repressive effect on §-galactosidase activities of nif-lac
fusants LX-9 and LX-22 in NFHM. Glutamic acid, histidine and arginine rendered poor growth but
high activities of g-galactosidase. Good cell growth and high enzyme activity were observed when
complex nitrogen sources, such as casitone, proteose pepone, were employed. A-Galactosidase ac-
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tivities of LX-9 and LX-22 in nitrogen free minimal medium increased sharply within first 4 hours.

Since Klebsiella pnewmoniae is a member of
Enterobacteriaceae, genetic techniques used for
Escherichia coli system have been successfully ap-
plied to nif reaction of K. penumoniae.

Nif gene cluster of K. preumoniae consists

of sixteen gene organized into 5 polycitronic and 3
monocistronic transcription units (Dixon ef. al,
1977: MacNeil et al., 1978).
Regulatory studies have indicated that the
nitrogenase structural genes are subject to the
repression by ammonia (Roberts and Brill, 1980),
oxygen (St. John et al., 1974) and other factors
such as amino acids (Shanmugam and Morandi,
1976), temperature (Zhu and Brill 1981) and
molybdenum (Shah and Brill 1977).

However, there still exist several obstacles for
studies on the regulation of individual transcrip-
tion units in n#f gene cluster, since most of the
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gene products have not been conclusively iden-
tified and there is no simple assay techniqe for any
of the individual gene products.

Gene fusion, especially the fusion of lacZ
gene to other operons, has proved to be a valuable
tool in studying the regulation of several systems
(Casadaban, 1976; Casadaban and Cohen, 1979)
and these methods were used to study the
nitrogen fixation systems in K. pmewmoniae
(MacNeil et. al., 1981, Dixon et al., 1980).

In this we are reporting a
result for gene fusions in which E. colf lac genes
are fused to a promoter of interest. Such gene fu-
sions have enabled us to monitor the response of
each transcription unit to various effectors and
determine the kinetics of derepression of nif
operon.

communication,
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MATERIALS AND METHODS

Bacterial strains

Wild-type Klebsiella prnewmoniae M5al was kind-
ly provided by Dr. S.L. Streicher (University of
California, Berkeley, U.S.A.) and K. Preumoniae
UN 2979 (his D4226 lac Z4001 gal?), and UN 4482
(hisD4226 lacZ4001 gal’/Mucts62hP15/Mudl)
were obtained from Dr. W.]J. Brill (Univ. of
Wisconsin, U.S.A.).
Media and chemicals

Luria Broth (LB)is a rich medium containing
tryptone 10g, yeast extract 5g, NaCl 0.5g and
0.2% glucose per liter and NFM is a nitrogen free
minimal medium (MacNeil ef. al., 1978) for K.
prneumoniae and NFHM is a NFM containing
histdine (20g/ml) and LN is a NFHM containing
(NH4)2S04 2mg/ml and SN is a NFHM containing
(NH4)2504 0.5mg/ml. O-nitrophenyl-8-D-
galactoside (ONPG) was purchased from Sigma
Chemical Co., St.Lous, Mo.and 5-bromo-4-chloro-
3-indoyl- 8 -D-galactoside (X-gal) was from Cyclo
Chemical, Los Angeles, Ca., U.S.A.
Isolation of nif-lac fusants

Mudl lysate was prepared from K. preumoniae
UN4482 by heat induction (Bachhuber /. o/, 1976)
and UN 2979 was infected with Mudl lysate and
amp’ transductants were selected in LN broth
containing ampicillin (60zg/ml). Nif-lac fusants
were identified by blue color on NFHM plate con-
taining serine (100ug/ml) and X-gal (40ug/ml) but
they were white color on the same plate in the
prescence of NHy .
A-Galactosidase activity

After partial disruption of cell membrane us-
ing toluene, g-Galactosidase activities were
assayed according to the procedure of Miller
(1972).
Measurement of cell growth in the presence of
nitrogen sources

Five ml of exponential growth cells of K.
pneumoniae Mbal cultivated in Luria Broth was
harvested and washed with NFM broth once and
resuspended in 1ml of NFM broth. Washed cells
were inoculated at 2% level into each 5ml of NFM
broth containing various nitrogen sources. After
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overnight cultivation at 30°C in N2, cell growth
was determined by measuring the absorbance at
600nm.
Repression of nif gene in the prescence of various
nitrogen sources

K. prnumoniae nif-lac fusants LX-9 and LX-22
cultures of exponential phase in LB were washed
and inoculated at 2% level into 5ml of NFHM
breth containing each indicated nitrogen source.
After sparging with Nz for 5 minutes and incuba-
tior for 18 hours at 30°C with shaking,
# - (Galactosidase activities were assayed.

RESULTS

Isolation of nrif-la¢ fusants

K. pnewmoniae 1IN2979 was infected with Mud]
lysate prepared by heat induction of UN4482 and
about 4500 amp’ strains were selected and ap-
proximately 18% »f them showed blue color on
NFHM plate con:aining serine (100,g/ml) and
X-gal (40ug/ml) after 2 days of incubation at 30 °C
in Nz. Finally abour 80 strains were observed to be
repressed by NHs™ and designated as LX series.
Among these lac fusants, L.X-9 (hisD4226 lacZ4001
gal’ nifDIMud amp” lac)), LX-22 (hisD4226

Table 1. Comparison of #-galaciosidase activity
of aif-lee fusants with or withour N,

o A-Galaciosidase activiny (units)

DN TN NH, R

X1 W 372

1.X-5 13 228

[X-5 8 291

[.X-9 7 189

FX-12 bt 366

[.X-11 15 210

[.X~19 61 357

1.X-22 10 337

[.X-26 14 261

LIN2979 0 3

Overnight culture of LX series in NFHM conta-
ining serine (100 g/ ml was collected and washed
with NFM and each strain was ineculated into
NEHM and LN and g-galaciosidase activity  was
measured after 6 hrs in N,.
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lacZ4001, gal™ nif H22/Mud (amp” lac), of which
their genetic characteristics were identified with
reliability, were used in this experiment.
NH,* effect on the expression of nif operons
#-Galactosidase activities of LX-9 and LX-22
were compared after incubation in NFHM with
and without NH4 *+ under the condition discribed
above. # - Galactosidase activities of »if- lac
fusants were observed to decrease in the
prescence of NHs+ (Table 1) and this result was
consistent with the data by Dixon et. al. (1980) and
Roberts and Brill (1980).
Response of nif-lac fusants to various nitrogen
sources
As shown in Table 2 and 3, amino acids

could be classified into two groups on the basis of
the effects on cell growth and 5 -galactosidase ac-
tivity. The first group, serine, asparagine, and
glutamine supported cell growth well and repress-
ed g-galactosidase activities like NHs* and the
other group, glutamic acid, histidine and arginine
rendered poor cell growth but showed some effect
of derepression on B-galactosidase, and MacNeil
and Brill (1981) also reported similar results.
Additionally, complex nitrogen sources promoted
cell growth generally, repressing #-galactosidase
differentially, which may be due to the different
composition of amino acids of each nitrogen
sources.
Derepression kinetics of nif operon

Nif-lac fusants LX-9 and LX-22 were
transfered from NHs" to nitrogen free medium
and the change of g-galactosidase activity was
observed (Fig. 1). # -Galactosidase activity of each
strain showed a sharp increase within first 4 hrs of
the cultivation in the derepression condition and
then leveled off.

DISCUSSION

Two general methods were developed for the
fusion of lacZ gene to other operons (Casadaban,
1976, Casadaban and Cohen, 1979) and nif-lac
fusants here were isolated using a defective Mu
prophage, Mudl which carries the lacZ gene.
Their genetic characteristics were identified by
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Table 2. Comparison of cell growth in  various

nitrogen sources with K. pneumoniae

M 5al.

N sources Cell growth (Absorbance at
600nm)

Alanine 0. 164
Serine 1. 825
Arginine 0. 826
Histidine 0. 110
Glutamine 1. 908
Proline 0.2
Glutamic acid 0.2
Lysine 0.2
Aspartic acid 1. 306
Asparagine >2.0
Isoleucine 0.2
Methionine 0.2
Peptone 1. 620
Tryptone 1. 933
Casitone 1.79
Soytone 1. 923
Proteose peptone 1. 727
Casamino acid 1. 720
NH,’ >2.0
Urea 1. 880
NO,” >2.0

Amino acids , NH;, NO;, and urea were added at

20mM and remaining organic N sources were ad-
ded at 2mg/ml into NFHM,

complementation analysis with E. coli UNF series
harboring conjugative P plasmid (Dixon et. al.,
1976) carrying nif genes derivatives (data not
shown) obtained from Dr. R. Dixon (Univ. of
Sussex, U.K.).

From the responses of K. pmeumoniae to
various nitrogen sources, it was confirmed that
their effect on cell growth was closely related to
the expression of nif operon and the previous data
also supported this observation. (MacNeil ef. al.,
1981).

On the other hand, complex nitrogen sources
rendered good growth but different repression ef-
fects on néf operon, and this may be attributed to
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Table 3. Repression effect of various nitrogen
sources on the synthesis of g-galac-

tosidase.

B-Galactosidase activity (units)

N sources

LX-9 LX-22
NH.* 24.1 22.6
Serine 21.3 25,2
Asparagine 11.6 11.3
Glutamine 12, 46 11. 86
Glutamic acid 122 104
Histidine 716 775
Arginine 669 696
Tryptone 8.6 4,7
Soytone 5.5 9.5
Casitone 767 678
Peptone 221 241
Proteose peptone 597 97.1

Amino acids and NH." were added at 20mM and

complex N sources were at Zmg/ml

the fact that they carry complex amino acids and
grwth factors necessary for cell growth, but con-
centrations of some amino acids with high repres-
sion effect on #if operon was limited (Shanmugam
and Morandi, 1976).

This was confirmed further by the result that
various amino acids tested here have different
repression effect on #nif gene expression. It has
been already suggested that a certain amino acid

=
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Fig. 1. Induction of §-galactosidase activity during in-
cubation NFHM under N

plays an important role as the nif gene regulator
(Shanmugam and Morandi, 1976).

All niflac fusants derived from insertion of
Mudl could synthesize a wild type B -galacto-
sidase protein. The levels of 8 -galactosidase syn-
thesized in the strains with lac fusions to different
nif operon was different as shown in Table 1, and
this could be an indication on the relative trans-
cription of each nif operon.

In this experiment, K. pnewmoniae nif-lac
fusants isolated were proved to be very useful for
the study of n#f gene regulation and further in-
vestigations using these fusants are now being
carried out.
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Klebsiella pneumonige®) nif-lac FHHolFE Al &ale] A4 SA2 Wdol] njxe AL 7S HE
2

shadct, Klebsiella pneumoniae

UN44825 heat

inductiondte]  uFE  Mudl lysate® K. pneumoniae

UN29790ll A 5414 nif-lac &84 o 804§ Esla o] 5% LX series & B &3ith o] 52l g-galactosidase
342 NH. el 2 sloll 27 A=} Serine, glutamine, asparagine 22 oo 4k2 A 4907 A}8-3] Su
K. pneumoniae 9} 4 %2 %% 519] 2 nj, NFHM ¥l Rloll A nif-lac §35 LX-9, LX-229] B-galactosidase 2] 3412 o A
8345 F%orh gltamine, histidine, arginine 2 amino acid: $J9} ule] E74-E Jepych Casitone, prote-
ose peptone 2 774U 2mg/ml) e FA Aol N A= Al o2 5 o} LX-9, LX-22 9 g-galacto-
sidase FAlell S A AAE 2 ool dat oh=A vebgel @8 P4 Yol glE HAwjAolA e LX-9 9}
LX-229] B-galactosidase?] ¥4 27] 447l FA3F Zv)slyd
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