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RESEARCH: 

The persons who have contributed to the investigations so far per
formed are Dr. Pei Hsing Wu (6 months at 80%) and Dr. Donald K. Dougall 
(9 months at 16%). Mr. Harry Sommer M. S. joined the investigation on 
June 17th as a Graduate Research Associate and is enrolled as a Ph. D. 
candidate in the Faculty of Biochemistry and Molecular Biology. Miss 
Sheila Forster joined the investigation on June 1, 1968 as a full-time 
Research Assistant. 

SUMMARY OF EFFORT: 

Work on the identification of the products of metabolism of glu
tamic acid -1-C14 directed towards a) identification of the major 
products and b) the recognition of acetyl-glutamic acid and acetyl-
ornithine has been performed. The major product seems to be pyrrolidone 
-5-carboxylic acid. A product as yet unidentified has properties con
sistent with acetyl-glutamnic acid. Acetyl-ornithine has not been found. 

Attempts to demonstrate the presence of acetyl-glutamate kinase using 
a hydroxamate assay have not been successful. 

INVESTIGATIONS PERFORMED: 

The overall objective of the research in hand is a) to provide the 
body of evidence needed to establish that the pathway from glutamic acid 
to arginine in plant cells involves several acetylated intermediates and 
b) to show whether or not the levels of enzymes involved in arginine 
biosynthesis respond to the composition of the culture media in which the 
cells are grown. This hypothesis is based on the previously published 
demonstration that a-N-acetyl ornithine-^-transaminase (Dougall & Fulton, 
1967 Plant Physiol. 42:387-390) was present in extracts of rose tissue. 
The research effort of the last nine months has been directed towards two 
immediate objectives. These are 1) the nature of the intermediates between 
glutamate and ornithine and 2) the discovery of the enzyme acetyl-glutamate 
kinase. 

L E G A L N O T I C E 
This report was prepared as an account of Government sponsored work. Neither the United 
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of any information, apparatus, method, or process disclosed in this report may not infringe 
privately owned rights; or 
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ASSAY OF ACETYL-GLUTAMATE KINASE IN EXTRACTS OF SOME 
PLANT TISSUE 
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The search for the enzyme acetyl-glutamate kinase has not been 
successful. The assay used was based on the formation of acetyl-
glutamate hydroxamate and the methods used were those used by Farago 
and Denes (1967. Biochem. Biophys. Acta 136:6-18) to study acetyl-
glutamate kinase of Chlamydomonas reinhardti. Ten experiments have 
been performed including attempts to use tissue whose permeability 
has been destroyed with dimethyl sulphoxide as well as cell-free extracts 
prepared in the presence or absence of TRIS or Phosphate as buffers, 
but in the presence of 10"3 M EDTA, 10-3 M Dithiothreitol and Poly-
clar AT. Extracts from pea shoots, wheat shoots, and spinach leaves 
were also prepared and examined. In all cases the extracts were tested 
for activity before and after sephadex G-50 treatment. Some of the 
results are collected in Table I. They indicate that while some hydrox
amate is being formed, its formation is not dependent on acetyl-glutamate. 
The possibility that ATP was not the appropriate high energy compound 
was examined by replacing it with CTP, GTP, or UTP in the assay mixture. 
The cell free preparation had been passed through sephadex G-50 before 
assay. In the assay, the controls were minus acetyl-glutamate and zero 
time incubation. No significant difference between the assay or control 
in the presence of any of the triphosphates was observed. 

The lack of detection of the enzyme leaves open two possibilities. 
First, the level is so low that it is undetectable by the assay used 
and the second the enzyme is highly specific for an acyl group other 
than acetyl whereas acetyl ornithine transaminase is relatively non-specific 
for the acyl substitutent. An analogous case would be the lack of specificity 
for acetyl and succinyl homoserine in cystathionine synthesis, but the high 
specificity of enzyme transfering the acyl group from Co A to homoserine in 
different micro-organisms. (Nagai & Flavin, "1967. J. Biol. Chem. 242, 
3883-95). 

Efforts were made by Dr. Wu to support the idea that acetylated inter
mediates were involved in ornithine biosynthesis by 1) a search for acetyl 
glutamate and acetyl ornithine in the soluble products of the cells 2) studies 
of the products of metabolism of glutamate in the tissue. The soluble products 
of the cells were divided into basic, acidic and neutral compounds on the 
basis of their absorption or not on Dowex 50 and Dowex 1. This also served to 
desalt the extracts. On some occassions the medium and the tissue extract were 
treated separately, in others they were combined. The various factions were 
examined by thin layer chromatography using solvents appropriate to the types 
of.compounds expected and autoradiography when radioactive compounds were 
provided to the tissue. In some cases the material was eluted from the plates 
and subject to chemical treatment to further the identification. No evidence 
could be obtained for the presence of acetyl-glutamate, acetyl-ornithine or 
acylated-glutamic acid in the extracts of tissue not exposed to radioactive 
compounds. 

Six experiments in which radioactive compounds were fed to the tissue 
were performed. These included 2 using DL-glutamic acid -1-C 4, 2 using 

-3-



L-glutamic acid-l-C14, one with L-glutamic acid-U-C14 and one using 
acetate-1-C14 and acetate-2-C14. The experiments with DL-glutamic 
acid-l-C14 constituted the initial experiments and will not be 
discussed further. The two experiments using L-glutamic acid-l-C14 
were firstly a time course experiment with tracer amounts of glutamic 
acid and secondly a study of the effect of large amounts of cold 
glutamic acid in the medium on the distribution of C 4 from L-gluta
mic acid-l-C14. The results are shown in Table 2. The results of 
experiments with glutamic acid -U-C 4 and acetate are given in Table 
3. While the data is incomplete, the distribution of C14 from glutamic 
acid-l-C14 indicates that relatively little is going to C02 or to material 
eluted from Dowex 1 with formic acid, (organic acids) which is in contrast 
to the behavior of radioactivity from glutamic acid-U-C14 and acetate-C14.. 
The material eluted from Dowex-50 with ammonia is largely amino acids and 
contains the bulk of the radioactive material. Examination of this fraction 
by thin layer chromatography showed that radioactive glutamic acid was 
present in all the experiments except that in which glutamic acid-U-C14 was 
used. In all experiments a ninhydnin negative spot subsequently^identified as 
pyrrolidone-5-carboxylic acid was radioactive. This was the major radioactive 
product of glutamic acid as judged by the darkening of autoradiography. The 
identification of the radioactive material as pyrrolidone-5-carboxylic acid 
is based on carrier recrystalization with authentic material, and identical 
behavior of the radioactivity and pyrrolidone-5-carboxylic acid as revealed 
with bromophenol blue on chromatography in three solvent systems. The radio
active glutamic acid was purified by chromatography before use. At this time 
sufficiently careful experiments have not been performed so that we can com
pletely rule out the possibility of the formation of pyrrolidone-5-carboxylic 
acid from glutamic acid during handling of the extracts. 

In addition to pyrrolidone-5-carboxylic acid, glutamic acid-U-C14 gave 
one other radioactive spot which did not coincide with known amino acid and 
also a radioactive compound which coincides with y-amino-butyric acid on two 
dimensional chromatography. Autoradiographs of extracts from tissue fed 
glutamic acid-l-C14 showed the presence of several minor radioactive com
ponents in the extracts on several occasions. These have not been identified. 

The material eluted from Dowex-1 should contain all organic acids of the 
tissue and also any acetyl-glutamic acid. In most experiments with glutamic 
acid-l-C 4 the radioactivity of this material was low and required long 
exposure of the X-ray plates to show the areas of radioactivity. In each case, 
a radioactive component with an Rf corresponding acetyl-glutamic acid appeared. 
Succinic acid also runs close to acetyl-glutamic acid. We have not yet had 
time to establish the identity of this component or of other components of this 
fraction. The material elected from Dowex 1 from tissue fed radioactive acetate 
showed the presence of four or more radioactive spots on one dimensional chroma
tography, one of which runs to the position of succinic acid and acetyl-glutamic 
acid. 



TABLE 2 

DISTRIBUTION OF RADIO ACTIVITY FOR L-GLUTAMIC ACID -1-C 1 4 

EXPERIMENT A EXPERIMENT B 

T i s s u e g FW. 

Time of Incubation (min.) 

Initial radioactivity - cpm 

Concentration of cold 
glutamic acid 

Total C14 in C02 

Total C14 eluted from Dowex 50 

Total C14 eluted from Dowex 1 

Total C14 eluted in Chloroform 
extract 

Total C14 eluted in neutral 
fraction 

T o t a l C14 in r e s i d u e 

TOTAL 
i 

i 

0.5 

15 

227 x 104 

0 

150 x 104 

3.2 x 104 

51 x 10* 

0.5 

30 

227 x 104 

0 

141 x 104 

4.7 x 104 

38 x 104 

0.5 

60 

227 x 10* 

0 

149 x 104 

20.6 x 104 

213 x 104 

0.5 

120 
i 

227 x 104 

0 

109 x 104 

13.5 x 104 

- 69 x '10 4 

0.5 

100 

227 x 104 

50mM 

0.9 x 104 

54 x 104 

1.1 x 104 

0.2 x 104 

0.5 • 

100 

227 x 104 

0 

0.04 x 104 

189 x 104 

4 . 1 x 104 

0.2 x 104 

0.5 x 104 0.36 x 104 0 .3 x 104 0 .3 x 104 0.08 x 104 0 .2 x 104 

NM NM NM NM 0.75 x 104 0.60 x 104 

204.7 x 104 184.06 x 104 385.60 x 104 191.8 x 104 57.03 x 104 194.14 x 104 

Dimethyl su lphoxide was p r e s e n t in a l l t r e a t m e n t s . The medium and the c e l l s were combined for e x t r a c t i o n . 
The r e s u l t s a r e given as coun t s /minu t e s . 



TABLE 3 

DISTRIBUTION OF RADIOACTIVITY FROM ACETATE AND 
GLUTAMIC ACID -U-C14 

EXPERIMENT C 
U-C14 Glutamic Acid 

EXPERIMENT D 

•> Acetate 1-C 14 Acetate 2-C14 

g. T i s sue s 

Time (minutes) 

Tota l" C14 

DMSO 

C02 

Elu ted from Dowex 50 

E lu t ed from Dowex 1 

Neu t r a l F r a c t i o n 

Chloroform e x t r a c t 

Residue 

TOTAL 
i 

ON 

1.0 

30 

97 x 103 

+ 

2.8 x 103 

38 x 103 

9.3 x 10 

0.8 x 103 

50.9 x 103 

1.0 

90 

97 x 103 

+ 

3.2 x 103 

52 x 103 

12.1 x 103 

0.06 x 103 

67.36 x 103 

1.0 

120 

357 x 104 

+ 

37.3 x 104 

31.5 x 104 

19 x lO4 

45.5 x 104 

5.4 x 104 

138.7 x 104 

1.0 

120 

357 x 

44.2 x 

40 .6 x 

16 x 

35 x 

5.6 x 

141.40 

104 

104 

104 

104 

104 

104 

x 104 

1.0 

120 

388 x 

+ 

2 .1 x 

33.5 x 

18 x 

49.8 x 

4 .4 x 

107.80 

104 

104 

104 

104 

10+4 

104 

x 104 

1.0 

120 

388 x 104 

4 . 1 x 104 

50.6 x 104 

3 x 104 

46 x 10+1 

7.1 x 104 

. 110.80 x 104 

In all cases the medium and- cells were 
combined for extraction 



The experiment in which 50 mM cold glutamic acid was added to one 
of the incubation mixtures containing glutamic acid-l-C14 was performed 
to answer two questions which arise from the difficulties encountered 
in obtaining significant quantities of C14 into acetyl-glutamate or 
acetyl-ornithine. These questions are 1) is the glutamic acid provided 
externally entering the pool from which protein amino acids are being 
synthesized; 2) would variation in quantity of glutamic acid supplied 
externally affect the distribution of C14 within the tissue in such a 
way as to make it easier to find the anticipated intermediates. This 
cold glutamic acid had no qualitative affect on the distribution of 
C14 in the eluate from Dowex 50 as judged by chromatography. Further, 
in the protein of the tissue from two treatments glutamic acid was the 
only protein amino acid which became labled albeit at a very low level. 
In the protein from the tissue incubated with 50 mM glutamic acid a 
second radioactive spot appeared near tryptophane on the plates and 
which appeared to be ninhydrin positive. The identity of this compound 
is not known. No radioactivity appeared in arginine. These results may 
be the consequence of incubation times that are too short for significant 
synthesis of arginine from externally supplied glutamic acid. 
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Personnel: 

Principal Investigator: Donald K. Dougall, Ph.D. 
Associate Dean 
College of Biological Sciences 
Ohio State University, Columbus, Ohio 

Biography of the Principal Investigator: 

a. Education 
B.Sc, University of Western Australia, 1951. 
M.Sc, University of Western Australia, 1953. 
Ph.D., University of Oxford, 1956. 

Postdoctoral Fellow with Dr. S. F. MacDonald, Division of Pure 
Chemistry, National Research Council, Ottawa. 1957. 

Project Associate with Dr. R. H. Burris, Department of Bio
chemistry, University of Wisconsin, 1958-1959. 

b. Positions 
Lecturer in Biochemistry, University of Sydney, N.S.W., 
Australia, 1959-1963. 
Assistant Professor in Agricultural Biochemistry, Ohio Agri
cultural Experiment Station and Ohio State University, 1963. 

Associate Professor in the Department of Botany, The Ohio State 
University, Columbus, Ohio, July 1, 1967. 

c. Awards 
1st Class Honours in Organic Chemistry, 1951. 

Scholarship from John Curtin School of Medical Research, 
Australian National University, Canberra, A.C.T., Australia, 
1953-1956. 

Postdoctoral Fellowship, N.R.C., Ottawa, Canada, 1957. 

N.S.F. Postdoctoral Fellowship, Dept. of Biochemistry, University 
of Wisconsin, 1958-1959. 
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Memberships 

American Association for the Advancement of Science 

Tissue Culture Association. 

American Society of Plant Physiologist. 

American Institute of Biological Sciences. 

New York Academy of Sciences. 

Society for Developmental Biology. 

Phytochemical Society of North America. 
Publications 
1. Anstee, J. R., Arthur, H. R., Beckwith, A. L., Dougall, D. K., 

Jeffries, M., Watkins, J. C. and White, D. E., 1952. J. Chem. 
Soc, 4065-4067. "The Chemistry of Western Australian Plants. 
Part IV. The Occurrence of Betulic, Oleanolic, and Ursolic 
Acids." 

2. Dougall, D. K. and Abraham, E. P., 1955. Nature, 176, 256. 
"Xanthomycin A." 

3. Dougall, D. K., 1957. J. Chem. Soc, 628-633. "An Antibiotic 
Similar to Xanthomycin A." 

4. Dougall, D. K., Newton, G.G.F. and Abraham, E.P., 1957. 
Biochem. J., 6jj, 30 p. "Formation of ̂ -Hydroxy Amino Acids 
from Pencillin Methyl Ester Sulphone and N-Acyl-Thiazolidine 
Sulphones." 

5. Dougall, D. K. and White, D. E., 1958. Aust. J. Appl. Sci., 9, 
404-409. "The Chemistry of Western Australian Plants. Part X, 
The 'Primary' Tars from Jarrah and Karri Sawdusts." 

6. Marks, G. S., Dougall, D. K., Bullock, E. and MacDonald, S. F., 
1960. J. Amer. Chem. Soc, 81, 250. "Cytodeuteroporphyrin." 

7. Marks, G. S., Dougall, D. K., Bullock, E. and MacDonald, S. F., 
1960. J. Amer. Chem. Soc, 82, 3183-3188. "Cytodeuteroporphyrin." 

8. Dougall, D. K. and Shimbayashi, K., 1960. Plant Physiology, _35, 
396-404. "Factors Affecting Growth of Tobacco Callus Tissue and 
Its Incorporation of Tyrosine." 

9. Dougall, D. K., 1962. Australian J. Biol. Sci., lj>, 619. "On 
the Fate of Tyrosine in Tobacco Callus Tissue. II. The Lack of 
Incorporation into Lignin." 
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10. Dougall, D. K., 1963. "Plant Tissue Culture," p. 243-256 in 
"A Postgraduate Course in Cell Culture." Ed. D. 0. White. . 
Publ. The Cell Culture Society of Victoria. 

11. Gibbs, J. L. and Dougall, D. K., 1963. Science, 141, 1059. 
"Growth of Single Plant Cells." 

12. Dougall, D. K., 1963. Exptl. Cell Res. 33:438-444. • 
"A Method of Plant Tissue Culture Giving High Growth Rates." 

13. Gibbs, J. L. and D. K. Dougall 1965. The growth of single cells 
from Nicotiana tobaccum in nutrient medium containing agar. 
Exptl. Cell Res. 40:85-95. 

14. Dougall, D. K. 1965. The biosynthesis of protein amino acids 
in plant tissue cultures. I. Isotope competition experiments 
using glucose-U-C-'-̂ ' and the protein amino acids. Plant Physiol. 
40:891-897. 

15. Dougall, D. K. 1966. Threonine deaminase from cells of the 
plant "Paul's Scarlet Rose" grown in tissue culture. Fed. 
Proc 25:748. 

16. Dougall, D. K. 1966. Biosynthesis of protein amino acids in 
plant tissue cultures. II. Further isotope competition experi
ments using protein amino acids.- Plant Physiol. 41:1411-1415. 

17. Dougall, D. K. and M. F. Fulton 1967. The biosynthesis of 
protein amino acids in plant tissue culture. III. Studies on 
the biosynthesis of arginine. Plant Physiol, (in press). 

f. The principal investigator will devote about 407» of his time to this 
project. 

Other Personnel: 

Research Associate: Dr. Pei Hsing Wu 

Biography of Dr. Wu: 

a. Education: 

B.S., Ginling College, China, 1942. 
M.S., University of Mass., Amherst, Mass., 1949 
Ph.D.,University of Illinois, Urbana, 111., 1952 

b. Research & Professional Experience: 

Post doctoral Research, University of Illinois 1952-1953 
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Research Associate, Dept. of Chemistry, 1956-1959 
Michigan State University 

Research Associate, Dept. of Biochemistry, 1960-1965 
Michigan State University 

Research Associate, Dept. "of Biochemistry 1965-to date 
Ohio State University 

Awards and Honors: 

Member of Sigma Xi 

Research Interests: 

1) Biosynthesis of heterocyclic compounds in plants 

2) Plant and animal metabolism 

Publications: 
Lin, P. H. and B. C. Johnson, Am. Chem. Soc. Abstr. Sept. (1950) 
P. 73c, The use of chromatography in the study of nicotinic acid 
metabolism. 

Lin, P. H. and B. C. Johnson, The metabolism of radioactive 
nicotinic acid and nicotinamide in the rat. The Federation 
Proceedings _10, 203 (1951) . 

Johnson, B. C. and Lin, P. H., Nicotinic acid metabolism I. The 
use of paper chromatography in the study of nicotinic acid 
metabolism. J. Am. Chem. Soc. 25> 2971* (1953). 

Lin, P. H. and B. C. Johnson, Nicotinic acid metabolism II. 
The metabolism of radioactive nicotinic acid and nicotinamide 
in the rat. J. Am. Chem. Soc. _75, 2974 (1953). 

Womack, M., Harriet A. Harlin and P. H. Lin, The influence of the 
non-essential amino acids on the requirement of the adult rat for 
isoleucine, methionine and threonine, J. Nutrition 49, 513 (1953). 

Wolf, G., P. H. Lin Wu, and Walter W. Heck, The metabolism of C1^-
Histidine in the intact rat II. Radioactive excretion products 
in urine, J. Biol. Chem. _222, 159 (1956). 

P. H. L. Wu and R. U. Byerrum, Biosynthesis of Pectinic acid methyl 
esters, Fed. Proceedings 1_6, 274 (1957). 

P. H. L. Wu and R. U. Byerrum, Biosynthesis of Pectinic acid methyl 
esters, Plant Physiology 33, 230 (1958). 

Henderson, L. M., J. Someroski, D. R. Rao, Pei-Hsing Lin Wu, 
T. Griffith and R. U. Byerrum, Lack of a tryptophane-niacin relation
ship in corn and tobacco, J. Biol. Chem. 234, 93 (1959). 

-16-



P. H. L. Wu, T. Griffith, R. U. Byerrum, Synthesis of pyrrolidine 
ring of nicotine from several C^-labeled metabolites by Nicotiana 
rustica, J. Biol. Chem. 237, 887 (1962). 

P. H. L. Wu and R. U. Byerrum, Pyrrolidine Ring Biosynthesis, 
Federation Proceedings, 24, 2914 (1965). 

P. H. L. Wu and R. U. Byerrum, The biosynthesis of pyrrolidine 
ring of nicotine, Biochemistry 4, 1628 (1965). 

Graduate Research Associate: Harry E. Sommer 

a. Education: 

B.S., Agriculture, University of Vermont, Burlington,"Vermont, 1963 
M.S., Biochemistry, University of Maine, Orono, Maine, 1965 

b. Research & Professional Experience: 

Instructor in Biochemistry, University of Maine, 1965-1966. 
U. S. Army, Chemical Corps., Captain, Dougway Proving Grounds, 

Utah, 1966-1968. 
Ph.D. Candidate, Biochemistry, The Ohio State University, 1968-Present. 

c. Awards and Honors: 

Member of Sigma Xi 

d. Publications: 

M.S. Thesis: Isolation and Characterization of Fructose-l:6-
Diphosphatase from Rat Liver. 

Research Assistant: Sheila M. Forster 

a. Education: 

Oxford University School Certificate, 1947. 

b. Research & Professional Experience: 

Sir William Dunn School of Pathology, Oxford, England 
Laboratory Technician, Bacteriology, 1946-1952 

Nordsee Deutschekochsee Fischerei, Bremenhauen 
Quality Control, 1964-1966 

Department of Microbiology, The Ohio State University 
Bacteriologist, 1966-1968 
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