
South Dakota State University South Dakota State University 

Open PRAIRIE: Open Public Research Access Institutional Open PRAIRIE: Open Public Research Access Institutional 

Repository and Information Exchange Repository and Information Exchange 

Electronic Theses and Dissertations 

1972 

Mechanism and Regulation of Nitrogen Assimilation in Klebsiella Mechanism and Regulation of Nitrogen Assimilation in Klebsiella 

pneuminiae M5al pneuminiae M5al 

Ming- Liang Li 

Follow this and additional works at: https://openprairie.sdstate.edu/etd 

Recommended Citation Recommended Citation 
Li, Ming- Liang, "Mechanism and Regulation of Nitrogen Assimilation in Klebsiella pneuminiae M5al" 
(1972). Electronic Theses and Dissertations. 4802. 
https://openprairie.sdstate.edu/etd/4802 

This Thesis - Open Access is brought to you for free and open access by Open PRAIRIE: Open Public Research 
Access Institutional Repository and Information Exchange. It has been accepted for inclusion in Electronic Theses 
and Dissertations by an authorized administrator of Open PRAIRIE: Open Public Research Access Institutional 
Repository and Information Exchange. For more information, please contact michael.biondo@sdstate.edu. 

https://openprairie.sdstate.edu/
https://openprairie.sdstate.edu/
https://openprairie.sdstate.edu/etd
https://openprairie.sdstate.edu/etd?utm_source=openprairie.sdstate.edu%2Fetd%2F4802&utm_medium=PDF&utm_campaign=PDFCoverPages
https://openprairie.sdstate.edu/etd/4802?utm_source=openprairie.sdstate.edu%2Fetd%2F4802&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:michael.biondo@sdstate.edu


MEC!f1..N ISM AND REGULATION OF NITROGEN ASSIM ILATION 

·IN I<LEBSIELLA PNEUMONIAE MSal 

MING.-:-.LIANG LI 

� thesis submitte c 
in partial fulfil lme nt of the r equirements for the 

. degree Maste r of Scienc e , major -in 
Bacteriology, South Dako�a 

State University 

1972 

SOUT D 'OT S T- TYL ARY 



MEC�NISM AND REGULATION OF NI'l:ROGEN ASS IM ILATION 

IN KLEBSIELLA PNEUMON�E MSal 

This the�is is approved as a creditable and independent 

investigation by a candidate for the degree, Maste r  of  

Sc ience, and is accep able as meeting the thes i s  requirements 

for this· degree . Acceptance of this thes is does not imply 

that the conc lus ions reached by the candidate are necessarily 

the conclus ions o�he maj or departmen� 

Thes is Adrtse_,,. 

y--
Head, Bacteriologaf Departmejit Date 



I wish to expres s  my deepest thanks to Dr . Robert 

M. Pengra for 'his continuous encouragement dur ing the 

course of this investigation and for his suggestion and 

correction of almost every sentence in this paper .  

I would also like to express · my sincere thanks to 

Dr. Paul R. Middaugh for ·his patient proofreading this 

thes is . 

As Chinese a lways say : to be a student wil l  never 

f orget and many thanks to what his teachers have done to 

him . I like to thank .. a l l  the staff in Bacteriology . 

DeJ>artment . 

MLL 



INTRODUCT ION • • • 

L ITERATURE REV IEW. 

TABLE OF CONTENTS 

• • 

. . 

. . . . . . . . . . . . 
. . . . . . . . . . . . . . . . 

Page 

1 

3 

Ammonia as the pr imary product of N
2 

fixation • • 3 

Glutamate dehydrogenase and its regulation . . . . 
Glutamine synthetase and its regulation . . . . . 
Transaminases and thei r  regulation . • . . . . 

MA TER IALS AND ME THODS. 

Organism . 

Medium . • 

Inoculum . 

. . 

. . 

. . . . 

. . . . . . . 

. . . . . . . . . . . • • • 

. . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . 

5 

7 

9 

11 

11 

11 

11 

Mass culture . . . . . . . . • • . • • • • • 12 

Cell f ree extracts . . . . . . . . . . 12 

Enzymatic assay for glutamate dehydrogenase • 13 

Enzymatic assay .for glutamine : 2-oxoglutarate 
amide transfe rase ( NADP oxidoreductas e) • • •  14 

Enzymatic assay for glutamine synthetase . • 

Enzymatic assay for glutamic ac id-keto ac id 
and glutamine- keto acid transf erases • • 

RESULTS . . . . . . . . • · . . . . . . . . . . . . 

Mechanism and regulation of glutamate dehydro-

. . 

14 

15 

21 

genase • • • • • • • • • • • • • • • • • • • 21 

Mechanism and regulation of glutamine: 2-ox o
glutarate amidotransferase ( NADP oxido re-
ductase . • • • • • • • • • • • • • • • • • • 2 2 



Mechanism and regulation of glutamine synthetase 

Mechanism and regulation of glutamic ac id
keto acid transaminases and glutamine
keto ac id transaminases . • • • • • • • 

DISCUSS ION AND CONCLUS IONS • • • • • . . . . . . 

• • • 

• • • 

• • 23 

• · . •
. 24 

• • 30 

Nitrogen as s imilation by NH4Cl grown cells . • • • • • 30 

Nitrogen ass imilat ion by glutamate grown cells . • 32 

Nitrogen ass imilation by N2 -grown cells • • · • • 

. 

• • • 36 

LITERATURE C ITED . • · • • • • • . . . . . . . . . . . 38 



Figure 

1. 

2. 

LIST OF FIGURES 

Standard NADPH curve measured at 340 nm in 
3 ml Tris buf fer • • • • • • • • • . . . 

Standard curve of phosphate determined 
by the Woolfo lk method • • •

.
• • • •  . . . . 

3. ·standard amino ac id curve determined by 
reac ting known amounts o� the amino acid 

Page 

• 17 

• 18 

with ninhydr in on paper chromatogram. • • 19 

4. Standard protein curve determined by the 
Biuret method • • • • • • • • • • • . . . . 

S. Influence o f  NH! dur ing growth on the production 
of glutamate dehydrogenase and glutamine : 

• 20 

2 -oxogluta�ate amidotransferase • • • 27 
.. 

6 .  Influence o f  glutamate during growth on the 
.. , , product ion of glutamate dehydrogenase and 

glutamine : 2-ox oglutarate amidotransfera se • •  28 

7 .  Inf luence of NH! and glutamate during growth on 
production of glutamine synthetase. • • • 29 



Table 

1. 

LIST OF TABLE 

Inf luence of  di fferent nitrogen source growth 
media on glutamate dehydrogenase production • 

2. Influence of  different nitrogen source growth 
media on glutamine : 2-oxoglutarate amidotrans..-

. . 

Page 

2 1  

ferase production • • • • • • • • • • • • • • • • 23 

3.  Influence of  different nitrogen source growth 
• j 

media o n  glutamine synthetase production . • • 

4 .  Influence o f  different nitrogen source growth 
media on glutamic acid-keto ac id transaminases 

• • 

production. • • • • • • • • • • • • • • • • • 2 5  

s. Inf luence of dif ferent nitrogen source growth 
media on glutam�ne-keto ac id transaminases 
production. • • : • • • • • • • • • • • • • • . . 2 5  



INTRODUCTION 

The pathway of the nitrogen atom after the initial 

nitrogen fixation reaction has taken place is not known . 

This study is an attempt to learn something about the 

enzymes that are invo lved in amino ac id synthesis . 

The ce ll has varying demands for the intermediary 

metabol ites o f  nitrogen, as the processes of prote in and 

other polymer synthes is vary . In addition , the cell is 

often confronted with changing supplies_ of nitrogen a nd 

energy, as a function of environmental change . E f f icient. 

growth depends upon�the optimun util ization o f  metabolites 

in response to variat ion in cellular needs . The bacte r ium 

Klebs iella pneumoniae not only has the ability to adapt 

itse lf by utiliz ing various kinds of nitrogen compounds , · 

but also fixes gaseous nitrogen under anaerob ic c onditions, 

when other nitrogen compounds are not available ( 25) . 

Unless some of  the organic substances such as amino 

ac ids can pass directly into the cell and go to the amino 

acid pool immediately ,  most nitrogen materials mus t  be re

duced or deaminated to ammonia before they can be incorpo

rated into amino ac ids . Two kinds of enzymes responsible 

for ammonia assimi lation found in most organisms a re glu-



tamate dehydro9enase and qlutamine synthetase . These en-

zymes are a l�o found in Klebsiella pneumoniae ( 2 2) .  It is 

interesting that the activity of glutamate dehydrogenase 

2 

of N qrown Klebs iella pneumoniae seems too low to te ll if 
2 - . 

· it is responsible for ammonia . assimilation . There fore , 

attempts_ to 'find · other enzymes have been made . A new en-

zyme glutamine : 2-oxoglutarate amidotransferase (NADP ox i-

doreductase ) was found recently ( 2 2 ,  35) , which c�ta lyzes 

the reaction by transferring the terminal amino group f rom 

glutamine to «-ketoglutarate resulting in the f orma t ion of  

two mole s 9f glutamic ac id . This qlutamic acid i s  ready 

for either amination or transamination . Thus , the .t ra ns-

amination from glutamine or glutamic acid te other keto-

acids may also be important in directing ammonia ass imila-

tion . Because glutamate dehydrogenase , glutamine synthe-

tase , amino- a nd amido-trans fe rase are interrelated, thei r  

relationships under di ffe rent 9rowin9 conditions wil l  be 

different . The object of this study is try to f ind these 

relationships which a re s till unknown in Kleb's ie lla 

pneumoniae . 



LITERATURE REVIEW 

Ammonia as the primary product of n itrogen·· f ixation 

Attempts to understand the mechanism of  biologica l 

nitroqen f ixation by identif ing the first 
'" . 

stable inter-

. 
mediate�· f r

.
om N

2 
were greatly aided by using the lSN 

trace r  technique . Exposure of 9_rowing cultures o f  

�zotobac te r vinelandii ( 5) , Clostridium pasteur ianum ( 39 ) , 

photosynthetic bacte ria· ( 39 ) , alg�� _(40) , or s oybean 

nodules (3) to 
15

N2 or 15NH� , resulted in high concen-

trations of isotopic n itrogen in glutamic ac id . Since the 

15 . 15 t �abel f rom both N
2

·and NH
4 

appeared in the s ame 

compounds and in the same proportion after ass imilatio n ,  

i t  was conc luded that N2 i s  first reduced t o  anuno n ia , then 

incorporated into glutamic ac id . When a strain of  

Clostr idium pas teur ianum excreted excess-
15

NH� to medium 

(43) , it gave further evidence that ammonia is the f irst 

stable intermediate . By us ing a short-time exposure o f  

the culture o f  Azotobac ter vinelandii (5) ,  Clostr idium 

15 . 
pasteurianum (7 ) or nodules (3,  15) to N

2
, it was 

3 

15 
·revealed that 94-96% o f  the N appeared in ammonia .  Thus , 

NB� appears to be a primary product o f  bio logical nitrogen 

f ixation . In long- time exposures to 15N the percentage . 2 



of label in anunonia falls rapi.dly with time as ammonia 

is incorporated into «-amino acids . 

Whether other ·unstable intermedi
.
ates such as  

hydrazine or hydroxylamine exist between N2 and anunonia is  

stil l  in question . , Kinetic studies have shown that 

hydroxylamine reacts more rapi�ly with oxalacetic acid 

.than with �-ketoglutarate (37) . If hydroxylamine is a 

4 

free intermediate , the accumulation should be into aspartic 

. acid rather than glutamic ac id (37 ) . Hydroxylamine is 

toxic to nitrogen fixers . Even at non-toxic concentrations 

neither Azotobacter vine landii nor Clostridium pasteurianum 

can use it (38) . The occurrence of hydroxylamine reductase 

in Azotobacter vinelandii and Clostr idium pasteurianum ( 12 )  

indicates that if hydroxylamine enters or forms in the ce ll 

it would be readily converted to ammonia . This is why no 

conclus ion can be drawn to eliminate it as an intermediate .  

Attempts to grow Azotobacter vinelandii using hydraz ine a s 

the sole nitrogen source have also failed (28) . S o  far 

numerous s tudies both in vitro and in vivo made to detect 

+ 
oxidized o r  reduced intermediates between N2 and NH4 have 

been unsuccessful ( 6 ) . 

The absence of isotopic exchange ( 14N2+15N2 � 

14Nl5N ) indicates no initial cleavage of N
2 to nitrogen 



_atoms (7). A two steps reduction of N2 by nitrogenase has 

been proposed with diimide and hydrazine c_omplexinq with 

nitrogenase forming intermediate enzyme-substrate comp�exes 

5 

ultimate�y releas ing ammonia as a stable , f�ee product ( 13) . 

Glutamate dehydrogenase and its regulation 
� 

The f ir.st demonstration of ammonia ass imi lation was 

made by Knoop , Embden and Schmitz in animal metabolism in 

1910 . They showed a reductive formation of amino ac ids 
. 

� from NH4 
and. corresponding o{-keto acids ( 21 ) . In 1938,  

von Euler et al . were abl"e to demonstrate the reaction 

,. 

cata lyzed by the enzyme glutamate dehydrogenase . They 

showed its pyridine nucleotide coenzyme requirement in cell 

free preparations of  anima l tissue , Escher ichia coli and 

yeast ( 1 ,  2 ,  1 1 ) . The following reaction was f irst shown 

by Euler in _his yeast preparation : 

.. 
NH4 + «-ketoglutarate + NADPH F=::! glutamate + NADP + �20 

Since then glutamate dehydrogenase has been founq __ . 

widely distributed in a variety of bacteria , �ungi , plant 

and animal tissues . The enzyme was first c rystallized 

from bovine l iver by Strecker · ( 34) and by O�son (24.) in 

1951 . The coenzyme specif ic ity· appears to depend on the 
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enzyme source . Only a NAO-dependent qlu�amate dehydro

genase was found in plants ( 8) : both NAO and NADP

dependent enzymes have been found in anima l  liver ( 11 ) , 

Neurospora crassa ( 30) and .yeast ( 9 ) . Only NAOP-depen

dent glutamate dehydrogenase-was found in Escherichia coli , 

Klebs iella pneumonia and Rhodospirillum rubrum ( 1 ,  2 2 )  J 

-only NAD-dependent enzyme was found in Clostridium sp . ( 23) 

and Azotobacter sp . (4) :  both NAD and NAOP-dependent 

enzymes were found in Thiobacillus nove llus ( 18) . 

Glutamate dehydrogenase catalyzes a revers ible react

ion, so that it is subj ect to the mechanism of mass action . 

When Escherichia coli is grown on nutrient broth ,  or a 

medium containing glutamate, aspartate or arginine n itrogen, 

there is a low activity of glutamate dehydrogenase c om

pared to that in cells us ing anunonia as their nitrogen 

source ( 36 ) , whe reas ce ll grown on methionine or a lanine 

had high act ivity of this enzyme ( 36 ) . In Neurospora c rassa 

the NADP-dependent glutamate dehydrogenase is repressed by 

growth on glutamate . In contrast,  the NAO-dependent 

·glutamate dehydrogenase is derepressed by growth on glu

· tamate ( 31 ) . The NAO-dependent glutamate dehydrogenase 

is chemica lly different from the NADP-dependent 9lutamate 



dehydrogen.ase and controlled by different genes . The two 

7 

_
enzymes seem to be coordinately regulated ( 31) . The NADP-

dependent glutamate dehydrogenase appears to function more 

for glutamic ac id synthes is and NAO-dependent glutamate 

dehydrogenase more directed toward glutamate degradation . 

Similar coordinated regulation �etween NADP and NAD-

�ependent glutamate dehydrogenase was also observed in 

baker's yeast ( 9 )  and Thiobac illus nove llus ( 18) . The 

kinetics of the NAO-dependent reaction are a ltered by AMP ,  

whereas those o f  NADP-dependent reaction are not changed 

by it ( 9 ) . 

Glutamine synthetase and its regulation 

The synthes is of glutamine by tissues was first 

s tudied by Krebs in 1935, who demonstrated that bra in 

c ortex, retina and kidney slices of vertebrates formed 

glutamine f rom ammonia and glutamate . In 1947,  the glu

tamine synthes is in cel l  free system, ,ATP and Mg++ 

requirement were able to show ( 38) . Glutamine synthetase 

activity in broken ce lls of bacter ia was f irst shown by 

E l liott and Gale ( 10) � Speck was able to establish a 

. + 
stoichometric re lationship between NH uti lized, glu-

4 

tamine formed and inorganic phosphate released . The 



reac tion has been il lustrated as (3�): 

qlutamate + NB4 + ATP l glutamine +ADP +_PO�--

Glutamine synthe tase from Escherichia coli  can be 

repress_ed and derepres sed by changing the nitrogen .. source 

presented to the cell ( 20 ,  41) . Using a medi� with 

adequate amino or  high quantit�es of anunonia nitrogen to 

grow the cell, a low activity of enzyme was. ;ound . · When 

cells are grown on glutamate or on limiting quantities 

of ammonia , the specif ic activity of  the enzyme can be 

increased as much as 20-fo ld ( 20 ,  41 ) . The synthes is of  

9lutamine synthetase is also regulated by adenylylation 
. ..  

and deadenylylation in Escherichia coli (16). Thus , the 

quantitative s ignif icance of enzyme activity a ltered by 

different nitrogen sources is diff icult to a ssess . The 

adenylylated and deadenylylated enzyme species have re-

markably different activities . This difference was not 

taken into account in the studies on repress ion and 

derepress ion in the past . Since both adenylylated and 

deadenylylated species of glutamine synthetase a re a l s o  

found i n  Klebs iella pneumoniae ( 22) , - its regulatory_ 

mechanism appea rs c omplicated too . 

Bac illus , Lactobacillus and Saccharomyces do not 

8 



contain the enzyme that cat.alyzes the adenylylation of 

glutamine synthetase . The ir glutamine synthetase ac tivity 

has been fo�nd to be dependent upon the nitrogen source . 

Depression of glutamine syilthet.ase in Bacillus subtil i s  

when grown in the present o f  glutamine and derepression 

9 

of it when grown with limited nitrogen have been found ( 27 ) . 

In Saccharomyces cerevis iae , the l�vel of glutamine 

synthetase is repressed by growth on either glutamine, 

+ 
asparagine or NH

4
• Gro wth on amino acids, such as  

glutamate , aspartate and methionine leads to  a n  inc reased 

synthesis of this enzyme ( 17 )  • 

. .. 

In all cases cited, it is diff icult to tel l  which is 

the metabolite directly responsible for the·repression . 

In Lactob.ac illus , glutamine was found to further repress 

enzyme synthes is when added to the nitrogen rich medium, 

therefo re· it appears. probable that glutamine itse lf is the 

·metabolite respons ible for the repression ( 2 6 ) . 

Transaminases and their requlation 

Enzymatic transamination was f irst described in 1937 

by Braunstein and Kritzmann ( 38) . Snell was f irst to 

sugges·t that pyridoxal and pyridoxamine might be inter

convertible by transamination and vitamin B
6 

might serve 



10 

as the coenzYJne in enzymatic transamination ( 32) • .  His 

suggestion was proved true later . :'.:It was found that a 

number of �-amino ac ids could transaminate with a number of  

keto acids in animal and plant tissues and microorganisms . 

An amidotransf erase which transfers the amide group 

from glutamine to · o{-ketoglutarate has been found recently 

( 2 2 ,  35) . A characteristic of this transaminase i s  that its 

activity depends · on the pyridine nucleotides as coenzymes 

and transfers te rminal amide group rather than o(-amino 

group . The reaction catalyzed by this enzyme has been 

established as follow :  

2 glutamate + NAD ( P ) ��-ketoglutarate + glutamine t NAD ( P) H 

The importance o f  this amidotrans ferase in  ammonia 

assimilation of nitrogen f ixers has been described by 

Nagatani et al . ( 22) .  This enzyme _ bas been called glutamine :  

2·-oxo9lutarate amidotransferase ( NADP ox _idoreductase)  or· 

glutamine amide�2-oxoglutarate amino transferase, or gluta-

mate synthetase . 

No studies on regulation of transamination by the se 

enzymes have been made so far . Probably their activ it�es 

are not subject to any kind of regulation . 



MATERIALS AND METHODS 

Organism 

The o rganism u·sed in this study was isolated f rom a 

. 2, 3-butanedi o l  fermentation by Dr . Elizabeth McCoy , 

Bacteri�logy Department , Univers ity of Wiscons in . It was 

f irst named a s  Aerobacte r  aerogenes MSal . �nd· late� in. 

·�965. renamed Klebsiella pneumoniae MSal ( 19 ) . This or-

ganism was grown at 30 C and maintained on nutr ient agar 

s lants during the study . Culture was stored in the 

refrigerator. 

Medium 

Dif ferent nitr ogen sources were used to grow the 

organism ( 42 ) . For N grown cel�s ,  nitrogen gas was 
2 

bubbled through the medium. For NH� grown cells , var ious 

concentrations of NH
4

C l  were added . For glutamate grown 

cells , 0 . 2g glutamate N/l was added . For cells grown on 

glutamate without suga r ,  lSg glutamate/l was added to 

serve as both the nitr ogen and carbon sources . 

Inoculum 

A loop o f  the organism f rom the slant was transferred 

to 2 50ml Erlenmeyer flasks containing 50 ml of growth 

medium. For growth of cells on N
2

, the air of the flasks 

11 



was removed by evacuation and �eplaced with high pur ity 

nitrogen gas . The inoculum tor cells grown on glutamate 

12  

as  the ca rbon and nitrogen sources was prepared by a 

success ive transfe r  of cells from a meditlm o f  low con

centration of glutamate to on� of a higher_ concentration . 

All the flasks were placed.on a rotary shaker a nd incubated 

at 30 C for 18- 24 hours . 

Mass culture 

A 2 -5% inoculum was transferred to a 4-L Erlenmeyer 

f lask conta ining 2 lite rs o f  growth medium. Air or nitro

gen was bubbled through a s intered glass sparger in the 

culture .  The cells were harvested by centrifugation at 

20,000g for 10 minutes whe n  the optical dens ity of the 

culture reached 0 . 4-0 . 5 .  The pellet of the cel ls was 

washed twi·ce with normal saline and stored at - 20 c. 

Cell free extracts 

The pellet o f  ce lls was resuspended on norma l  saline 

at a concentration of 1 : 2 (W/V) , and then poured into a 

cold French pressure cell  which had been precooled at 4 c. 

· The pressure was brought to 10,000 psi , and allowed to 

equilibrate for 15 minutes before being released from the
. 



pressure cell . The unbroken cells and other debris we re 

removed by centr ifugat ion at 20 , 000g for 30 minutes . The 

extract was dia lyzed for 8 hours at � c agains t  100 mM 

Tris buffer (pH 7 . 8) . The dialyzed supernatant f luid 

conta ining enzymes was des ignated as c rude extract and 

stored at - 20 c. The prote in l_evel was determi ne d  by the 

Biuret method (Figure 4) ( 14) .  

Enzymatic assay for glutamate dehydrogenase 

A spectroscopic method based on reduced pyr idine . 

13 

nucleotide ox idation monitored at 340 run was used to as say 

.. 
glutamate dehydrogenase (22) . The tota l reaction mixture 

in a 3ml quartz cuvette conta ined enzyme (usually added 

suff ic ient to allow a linear reaction at least lasting for 

3 minutes ) ,  0. 1 ml of 0 . 5 mM NADPH, 0 . 1 ml of 2 0  mM 

d-keto9lutarate, O . l  ml of 10 mM NH
4

c1 arid suf f icient 

100 mM Tris buffer to bring the total volwnn to 3 . 0  ml . 

The reaction mixture was incubated at room temperature 

23 c and the oxida tion of reduced pyridine nucleotide was 

measured us ing a Beckman DU spectrophotometer .  The changes 

in optical density at 340 run were referred to a s tandard 

NADP curve ( Figure 1) . 

274263 
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Enzymatic a ssay for qlutamine : -2-oxoglutarate amido-
transferase {NADP ox idoreductase ) 

· 

The activity was measured using assay conditions 

14 

similar to the glutamate dehydroqenase reaction except 

that 0 . 1  ml glutamine replaced anunonia as the amino donor . 

Enzymat ic assay for glutamine synthetase 

�ct ivity of glutamine synthetase was determined by 

measuring the amount of  phosphate released from ATP ( 41 ) . 

This assay mixture conta ined. 0.05 ml crude extract and 

0.15 ml of 1 . 5 J1M ATP , 20 mM L-glutamate, 0.01 mM NH Cl 
4 

and 0.01 mM Mgcl
2 

in_0.05 M imidazole buffer (pH 7 ) . The 

reaction was stopped by the addition of 1.8 ml of a f reshly 

prepared solution conta ined. 0 . 8%  Feso
4

.7 H2o· in 0.05 N 

a
2

so
4 

followed by the addition of 0.15 ml of a solution 

contained 6 . 6% 
_
( NH4)

6
Mo

7
o

24
. 7 H2o in 7.5 N a

2
so

4
• After 

several minutes delay for color deve lopment , the coagulated 

protein was removed by centrifugation and optical densi ty 

of the supernatant solution was read at 660 run .  A c ontrol·· 

mixture containing ATP and crude extract was measured to 

correct for the ATPase interference. A standa rd quant i-

tative curve (F igure 2 )  · was prepa red �or conve rting optical 

dens ity to JIM o f  pho sphate· . 



15 

Enzymatic assay for glutamic ac id-keto ac id and qlutamine
keto acid transferase s  

Activity of  transaminase was assay by the method des-

cribed by Roswell ( 2 9 ) . The assay mixture conta ined o.s 

ml enzYil!e , 0 . 5  ml o f  0.08 M glutamate�or qlutamine, 0 . 2 5  

ml of 0.08 M pyruvate, 0 . 2 5 ml o f  0 . 08 M oxalacetate and 

0.1 ml pyridoxal phosphate ( 200 �g/ml ) . · The mixture 'was 

incubated at temp . (2 3  C) for 60 minutes . The reaction 

was stopped by bo il ing for 5 minutes and the coagulated 

prote in was removed by centrifugation . Twenty ul of 

supernatant was applied to the Wbatman No . l  chromatographic 

f ilter paper . The solvent system consisted of 1-butanol-

formic acid- water ( 67 : 20 : 17 V/V/V) . After development 

was complete, the chromatograms were dr ied in a i r  and 

sprayed with 0 . 5% ninhydr in in 70% ethanol, followed by 

heating to .65 c for 2 2  minutes .  The alanine and aspartate 

spots were cut on rectangles of equal area and f rom each 

chromatogram a blank retangle was taken • . Each rectangle 

was cut into small pieces which were placed in a lOml 

conical centr ifuge tube and 5 . 0 ml 70% ethano l was added . 

Tubes were agitated for about 5 minutes un�il a ll the 

purple color was extracted from the paper and evevly dis- · 

persed in solution . The paper sedimented to the bottom 



and supernatant was decanted for optical dens ity measure

ment at 575 run . Alanine and aspartate formed by trans

amination were calculated by comparing the optical 

dens ity with the standard run on the same chromatogram 

and taking into account the paper blank (Figure 3) . The 

enzyme without substrate was run also to account for the 

origi�a l amino ac ids in the crude extracts . 

16 
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RESULTS 

Mechanism and regulation of glutamate dehydrogenase 

Only NADP-dependent glutamate dehydrogenase has 

been found in Klebsiella pneumoniae . No reaction resulted 

�when NAD was used as the coenzyme . Attempts to f ind the 

aspartate dehydrogenase and alanine dehydrogenase f a i led.  

·This result indicates that the only .route for anunonia 

ass imilation is via the pathway catalyzed by glutamate 

dehydrogenase and glutamine synthetase . The inf luence of 

different nitrogen sources grown on this enzyme is shown 

in Figure 5 and 6 ,  and Table 1. 

Table 1 .  Influence of  different nitrogen source growth 
media on glutamate dehydrogenase production 

Growth medium Debydrogena se act ivity 
nitrogen source {.pM NADPH oxidized/min/mg protein) 

High NH4Cl ( 3g N/l) 

Low NH4Cl ( 0 . 2g N/l) 

Glutamate ( 0 . 2g N/l) 

Glutamate ( l Sg/l without sugar 
in medium) 

1 . 160 

o . ·19 5 

0 . 140 

1 . 140 

0 . 010 

Although the growth rate of cells gro� on a h igh 

NH Cl was low, the NHf did increase the activity 
level of 4 4 



of glutamate dehydrogenase . Even a minute amount o f  

glutamate showed a repression o f  glutamate ·dehydroge nase 

formation if the energy requirement of cells was not 

dependent on glutamate only. Usinq glutamate as both 

nitrogen and carbon sources , the activity of glutamate 

2 2  

dehydroqenase increased sharply � The N qrown cells showed 
2 ' 

a lower activity of  glutamate dehydrogenase when compared 

to other nitrogen sources grown cells . 

Mechanism and regulation of glutamine : 2-oxoglutarate 
amidotransfe rase (NADP oxidoreductase) 

Only NADP dependent transferase have been found in 

Klebsiella pneumoniae . No NAD dependent enzyme was shown 

with cells grown under different growing conditions. The 

enzyme is specif ic for qlutamine , glutamate and o(-keto-

glutarate . When oxalacetate and pyruvate were used a s  the 

amino acceptors, the assay reaction did not proceed . 

However , by using asparagine or arginine as the amino 

donor, the reaction was catalyzed only by the extract from 

cells growing on glutamate as both their nitrogen and 

carbon sources . This indicates that the glutamine : 2 -oxo-

glutarate amidotrans ferase is spec ific for di�asic amino 

acid glutamine only . The NADP dependent reaction using 

arginine and asparagine is probably catalyzed_by the new 



unknown enzymes . The influence· of different nitrogen · . .  

sources for growth of the cells used to pro.duce the enzyme 

is shown in Figures 5 and 6, and Table 2 • 

. Table 2 .  Inf luence of different nitrogen source growth 
media on glutamine : 2-oxoglutarate amidotrans-
ferase production 

· 

Growth medium Amidotransfe rase activity 
nitrogen source (�M NADPH oxidized/min/mg prote in) 

High NH4Cl (39 N/l )  

Low NH4Cl ( 0 . 2g N/l )  

Glutamate ( 0 . 2g N/l )  

Glutamate ( lSg/.l without sugar 
in medium) 

N2 gas 

1 . 000 

0 . 200 

0 

0 

0 . 170 

As the concentration of NH+ in the groWth medium was 
4 

increased, the formation of the enzyme increased . When 

glutamate was used in the growth medium ,  formation of the , 

enzyme decreased.  A· cons iderable amount of this enzyme i s  

present i n  N2 grown cell . 

Mechanism and regulat ion of glutamine synthetase 

Glutamine synthetase is specific for glutamate and 

+-t 
ammonia . The reaction requires ATP and Mg -·· The 

influence of different nitrogen sources for growth of the 

cells used to produce the enzyme is shown in F igure 7 and 

2 3 



Table 3. 
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Table 3. Influence of  di fferent nitrogen �ource growth 
media on glutamine synthetase product ion 

Growth medium Synthetase activity 

24 

nitrogen source (,llM phosphate released/15 min/mg protein) 

High' NH4Cl (3g N/l)  

_Low NH
4

Cl (0. 2g N/l )  

Glutamate (0. 29 N/l )  

Glutamate (15g/l withdut sugar 
in medium) 

3. 05 

17.SO 

. 18. 50 

2. 50 

s.oo 

Repression of glutamine synth.etase by high concentra-

tion of ammonia and glutamate is shown . Relative ly high 

e�zyme production is exhibited in N
2 

grown cells. 

Mechanism and regulation of glutamic acid-keto ac id trans
aminases and glutamine-keto ac id transaminases 

The transamination requires pyridoxa l phosphate. The 

. 

influence of different nitrogen sources in growth medium 

on the production of  transaminases is shown in Table 4 and 

Table 5. 



Table 4 .  Influence o f  different nitrogen source growth 
media on glutamic acid-keto acid transaminases 
production 

Transaminases activity Growth medium 
nitrogen source (�M amino ac id produced/hour/mg protein) 

High NH4Cl ( 3g N/l) . 

Low NH4Cl ( 0 . 29 N/l) 

Glutamate ( 0 . 29 N/l) 

Glutamate ( lSg/l without 
sugar in medium) 

N2 gas 

Alanine Aspartate 

0 Trace 

0 Trace 

0 o.os 

0 0 . 03 

0 . 01 0 . 10 

Table 5 .  Influence .of different nitrogen s ource growth 
media on 91 tamine-keto acid transaminases 
production 

Growth medium Transaminases activity 
nitrogen source (MM amino acid produced/hour/mg protein) 

High NH Cl ( 3g N/l) 
4 

Low NH
4

Cl ( 0 . 2g N/l) 

Glutamate (O·. 2g N/l) 

Glutamate ( 159/l without 
sugar in medium) 

Alanine Aspartate 

0 . ·20 0 . 83 

0. 74 2,.7 6 

. 0 . 43 2 . 16 

0. 10 0 . 2 6  

0. 63 2 . 63 

comparing the data in Table 4 to Table 5, transamina

tion activity from glutamine is higher than from glutamate . 

Extract from cells grown on N
2 

had a higher transaminases 

activity than extracts from cells grown on other nitrogen 

2 5 
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Figure 6. Influence of glutamate during growth on the prod

uction of glutamate dehydrogenase and gl utamines 2-:-o�ogluta·-

rate amidotransferase . 
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DISCUSS ION AND CONCLUS IONS 

Nitrogen assimi lation by NH4c1 grown cells 

When cells are grown in a high concentration of 

30 

anmonia ( 3g N/l) , the growth rate is low, but the quantity 

of glutamate dehydrogenase in culture extracts f r om these 

cells is very high . Thi s  means the high concentration of 

... . 

NH4 did repres s cell growth by some means other than 

glutamate dehydrogenase. A six-fold ·increase (Table 1) 

of glutamate dehydrogenase activity occurred in cells 

grown on 3g N/l compared to growth on a low concentration 

of anunonia (0 . 2g N/l) . The dehydrogenase ac tivity also 

inc reased in cells grown on glutamate as both nitrogen and 

carbon sources . In this case, short supply of �-ketogluta-

rate could be the reaso n  why the enzyme glutamate dehydro-

genase was der epressed . With the same reasoning, high 
. 

concentra tion of NH: , c ould cause a decrease of cl.-ketoglu-

tarate supply . Alpha-ketoglutarate probably is a corepre-

ssor for glutamate dehydrogenase regulation . -Low concen-

tration of 0(.-ketoglutarate in cells could lead to a dere-

pression of glutamate dehydrogenase . 

After anunonia is incorporated into glutamic ac id, it  

will be furthe r metabol ized into other amino ac ids . 



Generally, the'glutamic ac id-keto ac id transaminases 

· activit�es are low in NH: grown cells . Only sma l l  amounts 

of glutamate amino nitrogen was found trans�e rred into 

aspartic acid (Table 4) . No glutamic acid-pyruvate 

tranaminase activity was detected. Most glutamate 

metabolized is used to synthes ize glutamine by two 

different pathways . 

1) glutamate + NHl + ATP--+ glutamine + ADP + Po4· 

2) glutamate+ NADP� glutamine t �-ketoglutarate + NADPH 

Pathway 1 is catalyzed by glutamine synthetase .  This en

+ 
zyme is repressed by_high concentrations of NH (Table 3) . 

4 

!t has six-fold less activity than glutamine synthetase 

found in cell free preparation from cells grown on low 

. + 
concentration of  NH

4
• Comparing the activity of  glutarnine 

synthetase to glutamate dehydrogenase, the two enzymes 

seem to coordinately regulate each other
- . Cells with a 

high activity o f  glutamate dehydrogenase have a lower 

3 1  

activity o f  glutamine synthetase; cells with a low activity 

o f  glutamate dehydrogenase have a higher activity o f  

glutamine synthetase . Pathway 2 is catalyzed by NADP-

depe!ldent glutamine : ,. 2-oxoglutarate amidotrans f eras e . 

is a reversible reaction . Figure 5 shows a parallel 

It 



increase of a�tivity o f  this enzyme and glutamate dehydr.o

gen�se. Cells grown on a bigJ:l . amounts .of Na+ .have ·a low 
4 . · . . .. 

activity of glutamine synthetase . Pathway 2 provides an 

alternate way to synthes ize. glutamine . 
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A highe r activity of glutamine-keto a·cid transaminases 

wa s  found than glutamic ac i�-keto acid transamiriases . This 

indicates that most amino groups or amido groups a re 

final ly trans ferred to other amino acids from glutamine . 

For ce lls grown with a high level of anunonia in the 

medium, the pathway of  nitrogen ass imilation is i llustrated 

as follow: 
Major pathway 

----- Minor· pathway 

NH+ NH+ keto acids . 

o(-ketoglutarate�glutamat�glutamine � amino acids 

glutamate 'C'-ketoglutarate 

For cells grown with a low level of ammonia in the 

medium, the pathway · is illustrated below: 

NH+ N H4+ keto acids �4 ,� . \ 
«-keto.glutarate�'-'-"tglutamate� glutamine � a11ino acids . � ' 

/'' "!\I 
glutamate. a<-ketoglutarate 

Nitrogen as similation by glutamate gro� ce lls 

Cel ls us ing glutamate 
.
as the nitrogen source could 

tran�port glutamate direc tly into the amino-acids poo l . 

They have no need for glutamate dehyd�ogenase to catalyze 



3 3  

a synthetic reaction .  I f  the energy source i s  suf f ic ient , . 

there is no need for glutamate dehydrogenase to catalyzed 

a deamination reaction . Therefore, glutamate dehydr o-

genase is not only regulated by nitrogen compounds but 

may also be. regulated by the compounds of the c i tr ic ac id 

cycle . The formation of glutamate dehydrogenase is 

repressed in cells grown us ing glutamate for thei r  

nitrogen source ( 0 . 2g glutamate. N/l )  and sugar f o r  their 

carbon source . If they use glutamate as both· nitrogen and 

carbon sources, the activity of glutamate dehydrogenase is 

increased s ix times compared to glutamate grown cells with 

sugar as the. carbon source (Table 1) . In this cas.e ,  the · 

lack of compounds · o f  c itric acid cyc le is obvious . There 

must be a compound in the citric ac id cyc le which is 

responsible for derepress ion of glutamate dehydrogenase 

formatio n .  That compound could be �-ketoglutarate or  othe r 

compounds which can be converted to �-ketoglutarate eas ily .  

Glutamic ac id-oxalacetate t·ransaminase is operative 

in cells grown on glutamate with a higher activity than 

+ 
l 4) Whether synthes i s  of  th. is NH

4 
grown cells (Tab e • 

enzyme is derepressed by glutamate is uncer��in . Because 

glutamate content of N2 
grown cells would not exceed that 

of the glutamate grown cells , then their transaminase 
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activity would be expected to be greater than glutamate 

· grown cel l� . 

The glutamate i n  glutamate grown cells is ready for 

glutamine synthes is . The synthes is o f  qlutamine synthetase 

is repressed in cells grown in the presence of glutamate 

without sugar . The synthes �s is not repres sed i n  c ultures 

�rown
.
o n  low c oncentrations of glutamate with suga r . 

Whether the r epress ion is caused by glutamate o r  by 

glutamine itse lf is not certain . The glutamine synthetase 

in this study is restricted to adenylylated spec ies . A 

report from Nagatan · e t  al . showed the deadenylylated 

spec ies is not importa nt in Klebs iella pneumonia (2 2) .  

Activity o f  glutamine : 2-oxoglutarate amidotransferase 

is lost i n  cells grown on small amounts of glutamate 

(0 . 2g glutamate N/l and lSg sucrose) and in cells grown 

on glutamate ( lSg glutamate/! and without suga r ) . 

Glutamate serves both for n itrogen and carbon s ources i n  

culture grown without sugar . Some of its activity has 

been regained when cells are grown on Sg of glutamate and 

lOg of sucrose (F igure 6) . This indicates that glutamate 

itself is not the metabol ite respons ible for glutamine :  

2-oxogluta rate amidotransferase regulation . Which factors 

regulate this enzyme are unknown . 



The transamination activity from glutamine . is higher 

than from glutamate . '!'his implies that · amino group 

transfer from glutamine is more important tha n  f rom 

· glutamate . 

In cells grown en small. amounts of  glutamate� 

( 0 . 2g glutamate N/l ) , · it i� p-robable that a molecule of 

. glutamate is deaminated and the resulting anunonia is used 
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in the �mination catalyzed by glutamine synthetase . Simul-

taneous ly, a small amounts of- the glutamic acid nitrogen 

is transaminated to oxa1acetate forming aspartic acid . 

The pathway is expxessed by the following illustration : 

ot-ketoglutarate 
keto acids o xalac �tate �Nlf: 

aspartate'-: -"...:� - . glutam ate �glutamine \ ) amino acids 

In cells grown on glutamate without sugar in medium, 

most glutamate is deaminate to yield «-ketoglutarate . Only 

a minute amounts of g1utamate is aminated to synthes ize 

glutamine and transaminated to ·synthesize aspartic ac id.  

Their: pathway is illustrated below : 

Dt -keto g1utarate 
+ keto acids 

. o xalac e
1
}ate

. 
f ______.. \H4 . . \. 

r'" ..). 1 t ine - '- -" amino acids 
aspartatef �- - - glutamate- - - - -t g u am - - - ...,. 

. • 
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Nitrogen ass imilation by N2 grown ce lls 

A very low activity of glutamate dehydrogena s e  is 

present in N2 grown cells . · Therefore , most of the NH! is 

used in the amination reaction . to form qlutamine catalyzed 

by glutamine synthetase { Table 1 and 3 ) . The repression 

of glutamate dehydroge nase is probably due to the 

accumulation of glutamate in the 1cells . This accumulation 

is a result of high activity of glutamine : 2- oxoglutarate 

amidotrans fe rase which produces the glutamate by trans-

fe rrinq i ts terminal amino group from glutamine to a 

molecule of �-ketog utarate . 

A pecul ia r phenomenon is that the activity of 

glutamic ac id-pyruvate transaminase was detected only in 

N2 grown ce lls and the highest glutamic ac id- oxa lacetate 

transamination is pres ent in these cells also . What 

factors contr ibute to this regulation are unknown . The 

pathway of nitrogen as s imilation after converting to 

ammonia in N
2 

grown cells is  showed below : 

N 
· 

N
H+�-· 2�NH: k e t o  ac i ds-

,4,. +. . � 1 t a  i n e  � ) amino a c i ds 
cl-ketoglutarate-"- -�gl� tamate g u m 

/ / cX..-k e t o gl u t arate 

/ 
/ 

o xal'ac e t at e  '\ / _
_ - -pyruvat e 

"' ., " . 
asp ar t a t e  an d al an i n e  

36 
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Many facts have been revealed in this study ,  but 

among them some a re diff icult to expla in, · such a s  why the 

glutamic ac id-pyruvate transaminase is only detected in 

N grown ce lls : why the activity of glutamic ac id-oxal-
2 

acetate transaminase is highe� in N
2 

grown ce lls : and 

what factors are involved in the ir regulation . 
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