This dissertation has been 636399
microfilmed exactly as received

LIN, Chu-Yung, 1928~
EFFECTS OF PLANT GROWTH REGULATORS
ON AMINO ACID METABOLISM IN OAT LEAVES,

The University of Oklahoma, Ph.D., 1963
Botany

University Microfilms, Inc., Ann Arbor, Michigan



THE UNIVERSITY OF OKLAHOMA

GRADUATE COLLEGE

EFFECTS OF PLANT GROWTH REGULATCRS ON AMINO ACID

METABOLISM IN OAT LEAVES

A DISSERTATION
SUBMITTED TO THE GRADUATE FACULTY
in partial fulfillment of the requirements for the
degree of

DOCTOR OF PHILOSOPHY

BY
CHU-YUNG LIN-
Norman, Oklahoma

1963



EFFECTS OF PLANT GROWTH REGULATORS ON AMINO ACID

METABOLISM IN QAT LEAVES

;%/( fw
DI /‘/ /L;n&




ACKNOWLEDGEMENT

The author is greatly indebted to Dr. L. M. Rohrbaugh under whose
advice, instruction, and direction this paper was written; to Drs. N. H.
Boke, L. S. Ciereszko, and S. H. Wender for a critical reading of the
text; and to Mr. D. N. Faulkner for his valuable aid. The author wishes
to express his gratitude to the University of Oklahoma Research Institute

for the assistantship which enabled him to make this study.

iii



TABLE OF CONTENTS

Chapter
I. INTRODUCTION ..covvecencssccncssnsasssssssoscsssssonsnssscnsascs
II. MATERTJALS AND METHODS ..ccceccescocccsocosccccccocnacoosscccsces
IIT. RESULTS ..cccccceccoccscccsscoccccsaccsosccnocns cesecceseccssesss
IV. DISCUSSION ..cecoeesnocsancns T T
V. SUMMARY ........ cecesesessecccas cetecccccsesesccscscsscancscnsse

mcm oooooo eeeceseccoce $ 0000000000000 00008000000000600000000

iv

22
26
28



Table

I.

V.

LIST OF TABLES

Effects of IAA and 2,4,5-T on C1%0o Fixation in
Victory Oat Leaves during 20 Minutes Photosynthesis
(mperiment l) ® 6 060600606060 0006800 0000006000000 00060600cn00cs0PORES

Effects of TAA and 2,4,5-T on Labeling of Intermedi-
ates in Metabolism of Victory Oat Leaves during 20
Minutes Photosynthesis (Experiment 1) ccecccececccscccscoes

Effects of Pretreatment with IAA and 2,4,5-T on the
Iabeling of Free Amino Acids in Victori Oat Leaves
during 20 Minutes Photosynthesis in Cl1*0p (Experiment 1) ..

Effects of 2,4,5-T on the cl‘*oa Fixation in Victory
Oat Leaves during 30 Minutes Photosynthesis
(hperiment 2) ® © 0 0 8 0088000008000 S0 OO OOLEsNseas e NsesRs

Effects of 2,4,5-T on Labeling of Intermediates in
Metabolism of Victory Oat Leaves during 30 Minutes
Photosynthesis (mperiment 2) L0 B K B BE B BN B B BN OB BK BN BN B BN OBE BN BN BKCBL BN N BN R B BN ]

Effects of Pretreatment with 2,4,5-T on Labeling of
Free Amino Acids in Victory_Qat Leaves during 30
Minutes Photosynthesis in C1'0s (Experiment 2) eeveeeecen..

Effects of Pretreatment with 2,4,5-T on Labeling of

Amino Aclds in the HCl-hydrolysate of the Non-extractable
Material of Victory Qat Leaves during 30 Minutes
Photosynthesis in C1%0p (Experiment 2) veeeeeeecenecencocss

Effects of IAA and 2,4,5-T on the C1*0o Fixation in
Victory Oat Leaves during 20 Minutes Photosynthesis
(Eb(periment 3) ® S 0880 08505800000 500G OGO PO OO SO ESSOSOSISLEDS

Effects of TAA and 2,4,5-T on Labeling of Intermediates
in Metabolism of Victory Oats during 20 Minutes
Hlotosynthesis (Wrment 3) ® 000006606060 000600 06000000 sBOEs

Effects of Pretreatment with IAA and 2,4,5-T on Labeling
of Free Amino Acids in Victory Oat Leaves during 20
Minutes Photosynthesis (Experiment 3) ceceseecccecccccesves

Effects of Pretreatments with IAA and 2,4,5-T on Labeling
of Amino Acids in the HCl-hydrolysate of the Non-
extractable Material of Victory Oat Leaves during 20
Minutes Photosynthesis (Experiment 3) ..cceeeececcccccannes

v

Page

11

12

13

1k

15

16

17

18

19

20

21



EFFECTS OF PLANT GROWTH REGULATORS ON AMINO ACID
METABOLISM IN QAT LEAVES

CHAPTER I
INTRODUCTION

Plant growth regulators have been shown to affect many diverse pro-
cesses in plants. Considerable effort has been expended in investigating
the influence of auxins on carbohydrate, nitrogen, high energy phosphate,
and cell wall metabolism in the hope of determining which facet of the
metabollism is affected by auxin. However, the mechanism of the action
is still obscure.

Freiberg and Clark (4) established that the nitrogen distribution
pattern in soybean plants whose roots were exposed to 2,4-D (2,4-di-
chlorophenoxyacetic acid) was greatly affected, but the total nitrogen
content was unchanged.

Yasuda et al (21) showed that treatment of potato plants with 2,4-D
prior to barvest increased the protein content of the tubers.

According to Wort (19) it was reported by Rasmussen and Lawrence
that low rates of 2,4-D application to Canada thistle caused significant
increases in free amino acids and protein in the roots.

Akers and Fang (1) found that 2,4-D treated bean plants showed a re-

duction in photosynthetic fixation of C1*0o. They also noted that a de-
1
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crease in the aspartic acid and glutamic acid content of both stems and
roots of bean resulted from the application of 2,4-D and 2,4,5-T (2,4,5-
trichlorophenoxyacetic acid).

Vernon et al (14) applied Clu-labeled acetate to pea root tissues
and noted that the dual effects of IAA (indoleacetic acid) and 2,4-D upon
the growth of roots were closely associated with their influence on
acetate utilization.

Rohrbaugh (9), studying the effects of plant growth regulators on the
metabolism of oat plants, reported that the labeling of several metabolic
intermediates during photosynthetic fixation of Clu02 was affected con-
siderably by pretreating the leaves with these substances. He also ob-
served that the effects of IAA and 2,4,5-T appeared to be significantly
different at the same concentration. Some of the equilibria involving
alanine, aspartate, glutamate, glycine, and serine were affected (10).

The present study made use of carbon-14 as a tracer in an attempt to
determine differences in amounts and specific activities of certain free
and protein-bound amino acids resulting from treatment of oat leaves with

growth regulators.



CHAPTER II
MATERIALS AND METHODS

Victory oats (Avena sativa) were planted and grown in soil in an air

conditioned growing room at 70-75° F. A bank of six "cool white" 40 w
fluorescent lamps provided a light intensity of 800-2000 ft-c at the leaf
surface of the seedlings.

' Two weeks after planting, seedlings with uniformly expanded second
leaves were selected. These leaves were then cut under water leaving
approximately 1 em of sheath on each leaf. After blotting away the ex-
cess water, each leaf wes weighed. The terminal end of the blade was
trimmed away until the remaining part of each leaf weighed the same for a
single experiment.

The cut ends of the sheaths were then placed in vials containing the
pretreatment solutions which consisted of distilled water (control), 5 x
10-% M potassium chloride (KCl-control), 5 x 10™* M potassium salt of in-
doleacetic acid (IAA), and 5 x 10-% M potassium salt of 2,4,5-trichloro-
phenoxyacetic acid (2,4,5-T). The leaves in their respective solutions
were placed under a bank of six 30 w fluorescent lamps which provided an
irradiance of 2000 ft-c at the level of the leaves. Air was circulated

over the surface of the leaves during pretreatment.

At the end of the four hour pretreatment period, the vials contain-
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ing the leaves and solutions were transferred to photosynthesis chambers.
Each photosynthesis chamber consisted of an 80 ml glass test tube, a
stopper through which passed a curved glass side arm, and a serum vial
cap. Each chamber was placed in a water bath the temperature of which
was maintained at 20t 1°0 C. Eight 150 w reflector flood lamps, four on
each side, provided an irradiance of approximately 2500 ft-c on both sur-
faces of the leaves.

An aliquot of sodium bicarbonate (Na.HCl)*O3) equivalent to 50 uc of
Clh, and a drop of methyl red indicator were placed in the reservoir of
the side arm. After closing the side arms with serum vial caps, a 10 per
cent solution of acid (H,SO)) was injected into the reservoir by means of
a hypodermic needle on a syringe. Enough acid was injected to liberate
the Cl*0, from the NaHC'%03 as indicated by methyl red. After 20 or 30
minutes of. photosynthesis the leaves were removed from the chambers and
plunged into boiling 85 per cent ethanol. They were boiled for approxi-
mately 3 minutes and then allowed to stand in the alcohol solution over-
night. After removing the leaf tissue from the alcohol extract, the
tissue was boiled in distilled water for one hour. The tissue was then
removed for storage until processing and the ethanol and water extracts
were combined. The extracts were made to volume with 85 per cent ethanol
and 10 ul aliquots in triplicate were plated on stainless steel planchets.
These samples were dried and then counted with a mylar end-window G.M.
tube and counter. The remaining leaf tissues when processed were dried
in the oven at approximately 95° C for 24 hours. The total amount of CL¥
fixed into ethanol-water extracted materials was determined and recorded.

A known amount ( 3 mg fresh weight equivalent) of each extract was
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spotted and dried on Whatman No. 1 filter paper (18 % x 22 1 inches) for
chromatography. The chromatograms were developed two-dimensionally with
T1 per cent (by volume) phenol in water in the first direction and butanol,
propionic acid, and water in the second direction (2). Radioautograms
were made by placing the chromatograms on no-screen X-ray films (1% by 17
inches) for one to four weeks. The films were developed and the radioac-
tivity of all spots found on the chromatograms were counted. The percen-
tages of the total Clh fixed into these separate products were then de-
termined.

The neutral and acidic amino aqid mixtures were removed from the leaf
extracts by ion exchange columns according to the method of Thompson et
al (13).

In Experiment 1 these neutral and acidic amino acid mixtures were
separated by paper chromatography. Each mixture was concentrated and
spotted on Whatman No. 3 filter paper (18 1 x 22 1 inches). The chromat-
ograms were developed as described above. Radiocautograms were made as be-
fore. The quantitative estimation and specific activity (count per sec-
ond per microgram) of each amino acid were determined as previously re-
ported (7).

In Experiments 2 and 3, after the neutral and acidic amino acid mix-
tures were removed from other compounds in the leaf extracts by the
method of Thoméson et al (13), the individual amino acids were separated
on an ion exchange column by the method of Moore et al (8). The identity
of the individual amino acids was confirmed by co-chromatography with
knowns. Then aliquots—of 100 ul were taken from each 3 ml amino acid

fraction and plated in triplicate on stainless steel planchets. These
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were dried and then counted with a windowless counter. The total amount
of radioactivity per 1 ml sample was calculated.

Duplicate 1 ml al'iquots were also taken from each amino acid frac-
tion and the amount of each amino acid was estimated by use of a ninhy-
drin reagent (3). The optical density of each sample was measured using
a Spectronic 20 colorimeter at a wave length of 570 mu. The specific
activity of the amino acid was then calculated for each sample.

The oven dried leaf tissues left after extraction with 85 per cent
ethanol-water were hydrolyzed with 6 N HCl. The dried leaf tissues were
placed in small sealed test tubes (ampules) with 5 ml of 6 N HCl. These
ampules were autoclaved at 110° C for 24 hours. After the ampules had
cooled to room temperature, they were broken and the materials were
washed into test tubes. The black precipitated humins were separated
from the hydrolysates by filtration, dried, and the amount of radioactiv-
ity in them was estimated. The filtrates were then evaporated to dryness
and the residues were dissolved in distilled water. They were made to 1
ml volume with distilled water and the amount of radioactivity incorpora-
ted was determined. Aliquots of 10 ul were taken from each sample and
plated on planchets in triplicate. These were dried and counted as
before.

The total amount of C1* found in the hydrolysate and in the unhydro-
lyzed material of each sample was calculated.

The extraction, separation, and quantitative estimation of each
amino acid in each hydrolysate of the later expei'iments followed the
methods previously described (13,8). The specific activity of each

amino acid was also calculated.



CHAPTER IIT

RESULTS

Experiment 1

In the first experiment oat leaves, each weighing 90 mg, were pre-

4 hMIAA,or5x10-h

treated in either Hy0, 5 x 107 M KC1, 5 x 10 M 2,h4,5-
T. The experiment was run in duplicate with four leaves in each vial.
The prefreated leaves were allowed to fix clhoe for 20 minutes. The
amounts of Clh fixed into extractable, as well as into the hydrolyzable
and non-hydrolyzable materials (humin) from the non-extractable fraction
are shown in Table I. '

In both replications leaves of the water and KCl controls fixed more
Clh into ethanol-water extractable materials than did those pretreated
with IAA or 2,4,5-T. The tissues pretreated with 2,4,5-T incorporated
the least Clh into the ethanol-water extractable material, while the
leaves pretreated with KCl incorporated the least c* into the non-ex-
tracteble material. The oat leaves pretreated with IAA fixed more Clh
into the HCl-hydrolysates and humins than did the other leaves. Both IAA
and 2,4,5-T pretreated tissues fixed more CLY into the hydrolysates and
into the humins than did either control. |

The percentage of total Clu found in separate metabolic intermed-

iates during 20 minutes photosynthesis is shown in Table II.

T
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The percentage of the total fixed Clh which was incorporated into
alanine, aspartate, glutamate, and glutamine was greatly increased, that
going into glycine was decreased, while that going into serine was not
materially affected by 2,4,5-T pretreatment. Pretreatment with IAA pro-
duced similar but less marked effects on the labeling of alanine, gluta-
mate, and glutamine, but apparently did not greatly affect the labeling
of aspartate. The effect of IAA on the labeling of glycine and serine
was similar to that of 2,4,5-T

The specific activities of the individual amino acids as determined
after separation by column and paper chromatography appear in Table IIT.

These data show that the effect of 2,4,5-T on the specific activity
of most of the amino acids analyzed is much more pronounced than is the
effect of TAA. The spécific activities of alanine, aspartate, glutamate,
and glutamine were increased by pretreatment of 2,4,5-T. On the other
hand the specific activities of glycine and possibly serine were de-
creased with such pretreatment. Pretreatment with TAA 4id not greatly
affect the specific activity of alanine. It increased the specific ac-
tivities of glutamate and glutamine, but it decreased those of aspartate,
glycine, and serine. -

Experiment 2

L L

In the second experiment only 5 x 100 M KCl and 5 x 10" ' M 2,4,5-T
were used as the pretreatment solutions. The experiment was done in trip-
licate, with 3 leaves each weighing 100 mg used in each vial. After pre-
treatment each vial was placed in a photosynthesis chamber, and photosyn-
thesis was allowed to continue for 30 minutes.

The fixation of Clh in the ethanol-water extracted material, hwﬂroly-
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sate, and humin is shown in Table IV. These results confirm those found
in Experiment 1. Pretreatment with 2,4,5-T resulted in less fixation of
Clh into ethanol-water extractable materials but stimulated the incorpora-
tion of CM* into the HCl-hydrolysates and humins.

The percentage of the total Clh which was found in separate metabol-
ic intermediates is shown in Table V. The results are similar to those
observed in Experiment 1.

The specific activity determined for each amino acid is shown in
Table VI. The same trends were observed as in Experiment 1. Pretreat-
ment of tissue with 2,4,5-T increased the specific activities of alanine,
aspartate, and glutamate and decreased the specific activities of glycine
and serine, although these reductions were not significant.

The specific activities of amino acids in the HCl-hydrolysates of
the non-extractable fractions appear in Table VII. Pretreatment of tissue
with 2,4,5-T increased the specific activities of alanine, aspartate, and
glutamate in the acid hydrolysates but reduced those of glycine and ser-
ine.

Experiment 3

In the third experiment the pretreatment and fixation period were
the same as in Experiment 1, but no water-control was used.

The amounts of Clh fixed into the extractable and into the hydrolyzed
and non-hydrolyzed fractions of the non-extractable materials are shown in
Table VITI. The fixation of Clh into ethanol-water extracted materials,
HCl-hydrolysates, and humins was similar to that shown by the results of
Experiments 1 and 2.

The percentage of total Clh which was found in the separate metabolic
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intermediates was determined by counting the radiocactivity on the paper
chromatograms. The results which are shown in Table IX in general confirm
those of Experiments 1 and 2,‘but the percentage going into glycine was
increased by the IAA and sharply reduced by 2,4,5-T. On the other hand,
the percentage incorporated into serine was approximately doubled by the
IAA and somewhat increased by 2,4,5-T. These results appear to be in the
opposite direction from those noted in Experiments 1 and 2.

The extracts from the leaves receiving the same pretreatment were
combined to obtain more materials for chemical analyses, and the specific
activities of the amino acids wére determinea. The data appear in Table X.

Pretreatment of oat leaves with IAA or 2,4,5-T increased both the Clh
incorporation into and the specific activities of alanine, aspartate, and
glutamate, although the effect of 2,4,5-T was much more pronounced. The
specific activities of glycine and serine were decreased by pretreatment
with 2,4,5-T, but the specific activity of serine was slightly increased
with TAA pretreatment while that of glycine was decreased.

The tissues remaining after extraction of each replicate with ethanol
and water were not combined, and leaves from only one series were hydro-
lyzed with 6 N HCl. The specific activities of the amino acids from the
hydrolysates are shown in Table XI. The results for 2,4,5-T confirm
those of Experiment 2. The effects of pretreatment with IAA resembled

those caused by 2,4,5-T but the changes of specific activities were not

as great.



11

TABLE I

Effects of IAA and 2,4,5-T on c1“02 Fixation in Victory Cat Leaves

during 20 Minutes Photosynthesis (Experiment 1)

4 Hours ' Total Cl¥
Pretreatment
Fresh Ethanol-water HCl-hydrolysate  Humin
Weight extract
ng c/s c/s c/s
a 360 62,120 1,028 24
Water
b 360 47,180 1,036 254
L a 360 65,120 756 275
5 x 107" M KC1
b 360 47,520 90k 190
L a 360 42,540 1,888 461
5 x 107 M IAA
b 360 37,440 2,188 354
L a 360 41,240 1,288 268
5 x 100" M 2,4,5-T

b 360 37,760 1,052 270
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TABLE IX

Effects of IAA and 2,4,5-T on Labeling of Intermediates in Metabolism

of Victury Oat Leaves during 20 Minutes Photosynthesis (Experiment 1)

Products Percentage of total Clh incorporated into different
products during 20 minutes photosynthesis
after pretreatment for 4 hours

Pretreating Solution

Water 5 x 1o'h M 5 x 10"+ M 5 x 10‘“ M
KC1 IAA 2,4,5-T
a b a b a b a b

Alanine 0.93 2.15 0.99 1.64 2.55 2.52 12.95 16.95
Aspartate 0.64 1.50 1.12 1.50 1.21 1.2k 12.23 13.25
Glutamate 0.22 0.28 0.29 0.21 0.79 0.60 3.90 3.7h
Glycine 35.31 33.81 37.01 34.81 10.04 8.27 714 5.47
Serine 13.03 14.69 12.14 12.62 10.00 8.20 12.23 12.12
Glutamine trace trace trace trace 1.37 0.95 1.93 1.58
Sucrose 15.%2 9.38 11.96 13.37 24.20 30.98 9.86 1h4.43
Maltose trace trace trace trace 2.08 1.89 0.13 0.1k
Citrate 0.25 0.21 0.33 0.23 0.34% 0.33 1.27 1.05
Malate 4.85 5.50 5.51 5.33 3.31 3.65 10.06 8.86
Glycerate k.97 5.52 k.62 4.80 1.76 1.52 2.52 2.36
Glycolate 0.50 0.46 0.43  0.65 1.00 0.84 0.30 0.35
Phosphates 19.6F 22,49 21.43 20.76 34.39 32.53 20.02 13.85




TABLE III

Effects of Pretreatment with IAA and 2,4,5-T on the Labeling ﬁf Free Amino Acidi
in Victory Oat Leaves during 20 Minutes Photosynthesis in Cl*0o (Experiment 1)

4 Hours Specific Activities c/s/ug
Pretreatment
Alanine Aspartate Glutamate Glycine Serine Glutamine
a 54,6 13.8 2.0 995.3 478.5 39.0
Water
b 75.1 25.6 1.0 654.9 487.9 3.5
L a 29.8 26.9 1.9 T68.7 427.0 15.7
5 x 100 © M KC1L
b 75.1 17.1 1.0 675.2 341.1 9.9
L a 76.8 8.8 - 8.2 360.1 347.0 97.9
5 x 10 ' M IAA
b 73.3 8.8‘ 7.0 316.5 255.7 102.4
L a 180.1 153.0 25.8 329.8 267.2 165.3
5 x 100 M 2,4,5-T
b 362.1 97.9 49.5 210.6 3474 318.3

*Te amounts of amino acids used for quantitative estimation in these samples were as follows:
5,3 - 16.4 ug in alenine, 7.5 - 17.0 ug in aspartate, 17.4 - 38.3 ug in glutamate, 4.3 - 12.3 ug in
glycine, 6.9 - 9.3 ug in serine, and 0.3 - 1.4 ug in glutamine.

€1



Effects of 2,4,5-T on the C-

14

TABLE IV

4

0o Fixation in Victory Oat Leaves

during 30 Minutes Photosynthesis (Experiment 2)

4 Hours Fresh Total Cih
Pretreatment Weight
Ethanol-water HCl-hydrolysate  Humin
extract

mg c/s c/s c/s
300 160,530 5,562 2,122
5 x 10‘l+ M KC1 300 137,260 4,581 1,665
300 110,702 4,290 2,180
300 110,894 7,111 2,339
5 x 10'1* M 2,4,5-T 300 112,490 5,037 2,045
300 96,086 4,785 2,241
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TABLE V

Effects of 2,4,5-T on Labeling of Intermediates in Metabolism
of Victory Oat Leaves during 30 Minutes

Photosynthesis (Experiment 2)

Products Percentage of total Clh incorporated into different
: products during 30 minutes photosynthesis
after pretreatment for 4 hours

Pretreating Solution

5 x 10-% M KC1 5 x 1074 M 2,4,5-T
a b c a b c
% % % % % %
Alanine 0.40 0.50 0.36 3.34 3.89 3.37
Aspartate 0.60 0.66 0.80 4.61 5.26 4.75
Glutamate 0.35 0.31 0.29 3.64 3.89 3.77
Glycine 21.30 22.95 27.92 13.72 15.39 19.73
Serine 6.59 7-26 5.45 5.87 5.70 6.56
Glutamine 0.10 0.13 0.1k 1.92 2.47 2.49
Sucrose 47.16 38.17 33.83 37.20 28. 2k.39
Maltose 0.30 0.22 0.26 0.60 0.35 0.62
Citrate 0.22 0.20 0.20 1.09 1.18 0.57
Malate 8.27 10.36 11.93 10.01 11.81 13.07
Glycerate 1.51 1.97 2.ln 1.56 1.35 1.96
Glycolate 0.33 0.26 0.37 0.19 0.49 0.6k
Phosphates 9.98 12.41 12.05 12.77 15.47 13.65




TABLE VI

Effects of Pretreatment with 2,4,5-T on Labeling of
during 30 Minutes Photosynthesis in

Frge Amino Acids in
C~ "0, (Experiment 2)

Yictory Oat Leaves

4 Hours Specific Activities c/s/ug
Pretreatment

Alanine Aspartate Glutamate Glycine Serine

a ** 98.6 3l.k4 2148.7 850.0

5 x 10'1L M KC1 b 381.7 342.5 34,7 2802.2 1383.5
c 117.5 408.3 30.0 2397.5 1309.5

a 632.3 el 164. 4 1425.9 723.3

5 x J.o'LL M 2,4,5-T b 1288.9 1100.0 330.0 2058.6 1138.5
c 9l2.2 1055.9 166.2 1924, 4 1059. 4

*The amounts of amino acids used for quantitative estimation in these samples were as follows:
0.6 - 1.3 ug in alanine, 0.6 - 2.9 ug in aspartate, 4.3 - 7.3 ug in glutemate, 1.5 - 4.8 ug in

glycine, and 1.4 - 3.7 ug in serine.

**No data were taken from this fraction.

9t



TABLE VII

Effects of Pretreatment with 2,4,5-T on Labeling of Amino Acids in the HCl-hydrolysate
of the Non-extractable Material of V&ctory Oat Leaves guring
30 Minutes Photosynthesis in cl 0, (Experiment 2)

L Hours Specific Activities c/s/ug
Pretreatment

Alanine Aspartate Glutamate Glycine Serine

a 3.4 2.2 *H 12.6 12.5

5 x 1074 M xe1 b 2.5 1.4 ** 11.1 11.4
c 2.3 1.4 0.0 11.7 11.0

a 306 o 005 7‘0 9'7

5 x 1074 M 2,4,5-T b 3.9 2.3 0.6 - 6.8 8.9
c 3.9 1.8 0.6 6.2 9.0

*The amount of amino acids used for the quantitative estimation in these samples were as follows:
17.7 - 23.2 ug in alanine, 36.0 - 43.2 ug in aspartate, 5.4 - 31.0 ug in glutemate, 6.7 - 17.2 ug in
glycine, and 11.0 - 13.7 ug in serine.

**No data were taken from these fractions.

L1
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TABLE VIII

Effects of IAA and 2,4,5-T on the ClhOQ Fixation in Victory Oat Leaves

during 20 Minutes Photosynthesis (Experiment 3)

4 Hours Fresh Total Clh
Pretreatment Weight '
Ethanol-water HCl-hydrolysate Humin
extract
ng c/s c/s c/s

a 360 199,150 1,665 1,049

5 x 10‘1lL M KCl b 360 102,100 983 378
c 360 75,600 1,682 546

a 360 871000 5,339 2, 3711'

5 x 1o'h M IAA b 360 77,100 1,682 867
c 360 71,150 2,016 851

a 360 86,450 1,909 1,343

5 x 10’“ M 2,4,5-T b 360 51,450 1,346 533

c 360 46,675 1,861 601
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TABLE IX

Effects of IAA and 2,4,5-T on Labeling of Intermediates in Metabolism

of Victory Oats during 20 Minutes Photosynthesis (Experiment 3)

Products Percentage of total Clh incorporated into different
products during 30 minutes photosynthesis
after pretreatment for 4 hours

Pretreating Solution

5 x 10‘1L M 5 x 1o‘u M 5 x 10’“ M

KC1 JAA 2,4,5-T

% % - %
Alanine : 0.96 1.74 13.98
Aspartate 0.61 0.96 11.94
Glutamate 0.24 0.54 .43
Glycine 25.17 30.24 6.94
Serine 6.92 13.30 8.27
Glutamine trace trace 1.70
Sucrose Wy, 12 27.22 22.70
Maltose trace 0.23 trace
Citrate 0.12 trace 0.76
Malate ' 4.08 5.36 8.57
Glycerate 2.20 3.29 1.55
Glycolate 0.40 0.73 0.12

Phosphates 12.43 14.43 16.25




TABLE X

Effects of Pretreatment with IAA end 2,4,5-T on Labeling of Free Amino Ag¢ids
in Victory Oat Leaves during 20 Minutes Photosynthesis (Experiment 3)

4 Hours Specific Activities c/s/ug
Pretreatment '
Alanine Aspartate Glutamate Glycine Serine
5 x 10°% M ko1 68.6 157.6 17.4 2617.5 1739. 4
5 x 10°% M 1AM 635.9 411.5 43,4 2329.8 1879.5
5 x 10'“ M 2,4,5-T 900.8 881.8 106.8 | 1130.0 1255.1

*The amounts of amino aclds used for the quantitative estimation in these samples were as follows:

207 - 9.7 ug in al&nine, Ll'oo - 18.0 118 in a.spartate, 2802 - 3900 ug in. glutamate, l"o6 - 1805 ug m
glycine, and 7.4 - 11.1 ug in serine.

oc



TABLE XI

Effects of Pretreatments with IAA and 2,4,5-T on Labeling of Amino Acids in the

HCl-hydrolysate of the Non-extractable Material of Victorx Oat Leaves
during 20 Minutes Photosynthesis (Experiment 3)

4 Hours Specific Activities c/s/ug
Pretreatment
Alanine Aspartate Glutamate Glycine Serine
5 x 107% M ko1 0.8 * 0.5 8.3 10.9
5 x 107" M 1AM 1.2 0.8 1.8 6.9 5.2
5 x 0% M 2,4,5-T 2.5 1.2 3.6 2.2 2.6

*The amounts of amino acids used for the quantitative estimation In these samples were as follows:
20.6 - 24.2 ug in alanine, 46.5 ~ 48.3 ug in aspartate, 3.1 - 14.3 ug in glutamate, 14.5 - 20.0 ug in

glycine, and 16.3 - 18.3 ug in serine.

**No data were taken from this fraction.
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CHAPTER IV
DISCUSSION

The incorporation of Clu into the alcohol-water extractable mate:igls
of oat leaves was decreased by both IAA and 2,4,5-T treatment. Rohrbaugh
(10) and Akers and Fang (1) reported that the photosynthetic fixation of
clhoa in plants was reduced by treatment with growth regulators. Vernon
et al (14) observed that Clh-labeled acetate uptake by pea root tissue was
inhibited approximately 20 per cent by a concentration of 1 x 10‘1+ M 2,h-D.

In the present study the radioactivity incorporated in the alcohol-
water insoluble residue was increased by IAA or 2,4,5-T treatment. Vernon
et al (14) reported that the incorporation of Clh—acetate into the alcohol
insoluble residue in pea root tissue was decréased with increasing time of
treatment with IAA or 2,4-D. Sell et al (11) and Weller et al (16) found
that there was a depletion of reducing and non-reducing sugars, a consid-
erable reduction in starch and crude fiber, and a decrease in acid hydro-
lyzable polysaccharides in auxin treated stems. This was accompanied by
an accumulation of both protein and amino acids. Only non-reducing sugars
were depleted in the roots and leaves. It appears that the incorporation
of Clu into the alcohol insoluble residue varies depending on the tissue
and the time of auxin treatment used in the experiment.

In the earlier report (7), the determination of amino acids was ham-
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pered throughout by ninhydrin sensitive materials on the chromatograph
paper. In the present study in order to increase the final amount to be
quantitatively estimated and thus reduce the percentage of error in the
determination of amino acids on the paper chromatograms, a large aliquot
of oat leaf extract was used in Experiment 1.

The separation of acidic and neutral amino acids from other extracted
materials by the ion exchange columns according to Thompson et al (13) was
very satisfactory.

Determination of the specific activities of neutral and acidié amino
acids--alanine, aspartate, glutamate, glycine, and serine were important
because the labeling of these amino acids is greatly affected by pretreat-
ment with growth regulators prior to photosynthetic fixation of clhoa (9).

The total amount of amino acids separated from the alcohol-water
extracts (from 300 mg fresh weight of oat leaves) by the column was put on
Whatman No. 3 filter paper. The resolution of the various individual
labeled amino acids was good except for glycine and serine.

The method described by Moore et al (8) for separation of amino acids
by means of an ion exchange column was very satisfactory. The amino acids
were separated in large, easily estimated quantities and the specific ac-
tivities of the labeled amino acids were more accurately determined.

Generally, the specific activities of the free amino acids--alanine,
aspartate, and glutamate were increased by the treatments with IAA and
2,4,5-T. Rohrbaugh (10) reported that incorporation of Clh into alanine,
aspartate, and glutamate when measured as a percentage of the total Clh
fixed was generally increased by this treatment. Aker and Fang (1) also

reported that the incorporation of Clu into aspartate and glutamate was 3



2k
to 4 times greater in the a,h-D treated plants. It appears that the ap-
plication of growth regulators causes the rate of synthesis of these
three amino acids to increase, and at the same time an increase in utili-
zation occurs. The data also indicate that at least in most cases the
pool sizes of these amino acids are not appreciably changed.

The specific activities of free glycine and serine were decreased by
2,4,5-T treatment. Rohrbaugh (10) reported that the incorporation of ¢l
into glycine and serine in oat leaves was decreased by IAA and 2,4,5-T.
According to Wilkinson and Davis (18) and Wang and Wayéood (15) glycine
and serine are synthesized through glyoxylate formed by oxidation of gly-
colate in wheat plants. It is possible that the rates of synthesis of
glycine and serine through these reactions are limited by treatment with
2,4,5-T.

It appears that some common factors regulate the rate of synthesis of
these amino acids. The rate of utilization of the amino acid is regulated
b& its pool size which is in turn regulated by the rate of synthesis. The
latter rate is proportional to some factor which may be common to all amino
acids. This factor might be the amino acid precursors, enzymes, or co-
enzyme A. A higher activity of several Krebs cycle dehydrogenases (12)
and other enzyme systems (20) may accelerate the formation of alanine,
aspartate, and glutamate via the formation of pyruvate, oxaloacetate, and
o« -ketoglutarate. Leopold and Guernsey (6) proposed that auxin may act in
plant growth and metabolism at least in part by reacting with coenzyme A
to control the variety of synthetic and metabolic reactions in plants
which are known to require coenzyme A.

The specific activity of protein-bound amino acids could be affected
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by the increase in ribonucleic acid content (5,17) found in auxin treated
plants, Several workers (11,19,21) reported that the protein content of
plant tissues was increased by auxin treatment. Sell et al (11) reported
that 2,4-D resulted in depletion of reducing and non-reducing sugars in
the stems of bean plants, and also a decrease in other carbohydrate re-
serves including acid hydrolyzable polysaccharides. This decrease in
carbohydrates was accompanied by a large increase in total protein. These
authors suggested that their data indicated that the 2,4-D was causing a
‘large part of the carbohydrates to be used in protein synthesis.

Since the changes of specific activities of protein-bound amino
acids are similar to those of free amino acids, it seems that the utili-
zation of these amino acids, perhaps via protein synthesis, is stimulated

by these growth regulators.



CHAPTER V

SUMMARY

Victory oat plants (Avena sativa) were grown under controlled con-

ditions of light and temperature. Two'weeks after planting, selected
leaves were p:etreated in distilled water, KCl1, IAA, and 2,4,5-T. The
-leaves were then permitted to fix ClhOQ photosynthetically for 20 or 30
minutes. They were then extracted with ethanol and water. Alcohol-water
insoluble residues were hydrolyzed with 6 N HCl. The total amounts of Clh
fixed into ethanol-water soluble materials and into the HCl-hydrolysable
and HCl-unhydrolysable material of the residue were determined. The per-
centage of the total Cll‘L incorporated into the separate metabolic inter-
mediates during 20 or 30 minutes was also determined.

The amino acids in the alcohol-water extracts and the hydrolysates
were separated and purified by methods employing paper chromatography and
ion exchange resins. The radiocactivity and the amount of amino acid as
estimated colorimetrically were measured and the specific activities of
the amino acids determined.

These data show several trends.

1. The effects of 2,4,5-T are much more pronounced than those of IAA at
the concentration of 5 x 10’u M. These effects appear to be signifi-
cantly different.
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2. Oat leaves pretreated with IAA and 2,4,5-T fixed less CL* in the al-
cohol-water extractable substances, but tend to stimulate incorporation
of C1h into the HCl-hydrolysable material and into humin.
3. Pretreatment of oat leaves with 2,&,5~T resulted in an increase in
the specific activities of alanine, aspartate, and glutamate and a de-
crease in those of glycine and serine in both the alcohol-water extracts
and the hydrolysates.
4. TAA pretreatment increased the specific activities of alanine and glu-
tamate and decreased that of glycine in the alcohol-water extracts. The
effect on the specific activities of aspartate and serine were varied.
In the hydrolysates, the same trends were observed as in the hydrolysates

from the leaves pretreated with 2,4,5-T.



LITERATURE CITED

Akers, T. J. and S. C. Fang. 1956. Studies in plant metabolism.
VI. Effect of 2,4-dichlorophenoxyacetic acid on the metabolism
of aspartic acid and glutamic acid in the bean plant. Plant
Physiol. 31: 34 - 37. :

Benson, A. A., J. A. Bassham, M. Calvin, T. C. Goodale, V. A. Hess,
and W. Stepka. 1950. The path of carbon in photosynthesis. V.
Paper chromatography and radioautography of the products. J. Am.
Chem. Soc. 72: 1710 - 1T718.

- Cocking, E. C. and E. W. Yemm. 1954. Estimation of amino acids by

ninhydrin. Biochem. J. 58: xii.

Freiberg, S. R. and H. E. Clark. 1952. Effects of 2,k-dichlorophen-
oxyacetic acid upon the nitrogen metabolism and water relations
of soybean plants grown at different nitrogen levels. Bot. Gaz.

113: 322 - 333.

Key, J. L. and J. B. Hanson. 1961. Some effects of 2,k-dichlorophen-
oxyacetic acid on soluble nucleotides and nucleic acid of soybean
seedlings. Plant Physiol. 36: 145 - 152.

Leopold, A. C. and F. S. Guernsey. 1953. A theory of auxin action
involving coenzyme A. Proc. Nat. Acad. Sei. 39: 1105 - 11ll.

Lin, C. Y. 1962. Effects of plant growth regulators on glutamic
acid metabolism in oat leaves. M. S. Thesis, University of
Oklahoma.

Moore, S., D. H. Spackman, and W. H. Stein. 1958. Chromatography of
amino acids on sulfonated polystyrene resins. Anal. Chem. 30:
1185 - 1190.

Rohrbaugh, L. M. 1959. Effect of plant growth regulators on amino
acid metabolism. Proc. Assoc. So. Agr. Workers, 56th Ann. Conv.
p. 230.

10. Rohrbaugh, L. M. 1962. Personal Communication.

11. Sell, H. M., R. W. Luecke, B. M. Taylor, and C. L. Hamner. 1949.

28



12.

13.

lh.

15.

16.

17.

18.

19.

20.

2l.

29

Changes in chemical composition in the stems of red kidney bean
plants treated with 2,4-dichlorophenoxyacetic acid. Plant

Physiol. 24: 295 - 299.

Teubner, F. S. and A. E. Murneek. 1952. Effect of p-chlorophenoxy-
acetic acid and 3-indoleacetic acid on certain dehydrogenase
systems of the tomato fruit. Science 116: 39.

Thompson, J. F., C. J. Morris, and R. K. Gering. 1959. Purification
of plant amino acids for paper chromatography. Anal. Chem. 31:
1028 - 1031.

Vernon, L. S., J. S. Butts, and S. C. Fang. 1962. Effeﬁts of plant
growth regulators and herbicides on metabolism of cl* labeled
acetate in pea root tissues. Plant Physiol. 37: 215 - 222.

Wang, Delton and E. R. Waygood. 1962. Carbon metabolism of CL*-
labeled amino acids in wheat leaves. I. A pathway of glyoxylate-
serine metabolism. Plant Physiol. 37: 826 - 832.

Weller, L. E., R. W. Leucke, C. L. Hamner, and H. M. Sell. 1950.
Changecs in chemical composition of the leaves and roots of red
kidney bean plants treated with 2,4-dichlorophenoxyacetic acid.
Plant Physiol. 25: 289 - 293.

West, S. H., J. B. Hanson, and J. L. Key. 1960. Effects of 2,4-di-
chlorophenoxyacetic acid on the nucleic acid and protein content
of seedling tissue. Weeds 8: 333 - 3L4O.

Wilkinson, A. P. and D. D. Davis. 1958. Serine-glycine intercon-
version in plant tissues. Nature 181: 1070 - 1071.

Wort, D. J. 1961l. Effect on the composition and metabolism of the
entire plant. (a chapter in the section Die chemische Regulierung
des Wachstums.) In: Encyclopedia of Plant Physiology 1l4: 1110 -
1136. Springer, Berlin.

Wort, D. J. and L. M. Cowie. 1953. The effect of 2,4-dichlorophen-
oxyacetic acid on phosphorylase, phosphatase, amylase, catalase,
and peroxidase activity in wheat. Plant Physiol. 28: 135 - 139.

Yasuda, G. K., M. G. Payne, and J. L. Fults. 1955. Effect of 2,4-
dichlorophenoxyacetic acid and maleiec hydrazide on potato pro-
teins as shown by paper electrophoresis. Nature 176: 1029 - 1030.



