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Two new fluorescent-labelling techniques for studying
peptide transport are described.

A peptide transport system has been demonstrated in a
higher plant tissue, the scutellum of germinating barley
embryos. This systeum has been extensively characterized,
and found to have many similarities to peptide transport
systems in microorganisus and mammalian tissues. Evidence
has also been obtained for the existence of a peptide
transport system in the membrane of an intracellular
organelle, possibly the vacuole.

Peptide transport is an active process and appears to
require the production of a proton gradient across the
plasmalemma. Disruption of the proton gradient not only
inhibits peptide transport, but also causes general exodus
of auino acids from the embryo and affects amino acid

metabolisn.

Considerable pools of small peptides have been detected

in both the endosperm and embryo of the germinating barley

grain. The concentrations of peptides achieved in the endo-

sperm are of the right order of magnitude for the efficient

operation of the peptide transport system. It seems that

the uptake of small peptides by the scutellum of germinating

barley embryos is of considerable importance in the transfer

of nitrogen from the endosperm to the embryo during the

wobilization of the protein storage reserves.



ACKNOWLEDGEMENTS

I should like to thank Prof. D. Boulter for the use
of facilities in the Department of Botany, and the Science

Research Council for financial support.

I am extremely grateful to Dr. J. T. Gleaves and Mrs.
G. M. Payne for their considerable assistance with the
computer analyses of certain data, to Dr. N. Harris for
producing such excellent electron micrographs, and to
Mr. B. Joicey and Mr. R. Swinhoe for help with the auto-
matic amino acid asnalyses. T am also grateful to many
other members of the Botany Department, Durham University,
especially Mr. T. M. Nisbet, for interesting and helpful
discussions.

Thanks are also due to Mr. A. Jamieson for the
photographic work, to Mrs. E. Ellis, Mrs. J. Towers and
Mrs. H. Winn for their extremely quick and efficient
typing, and to my wife, Elizabeth, for reading and
correcting the typescript.

Finally, I am deeply grateful to my supervisor,

Dr. J. W. Payne, for his constant help and encouragement
throughout this study, and, in particular, for his many
invaluable suggestions during the preparation of this

manuscript.



MEMORANDUM

Part of the work presented in this thesis has also

appeared in the following publications:

1.

Higgins, C.F., Payne, J.W.: Peptide transport
by germinating barley embryos. Planta 134,
205=-206 (1977).

Higgins, C.F., Payne, J.W.: Characterization
of active dipeptide transport by germinating
barley embryos: effects of pH and metabolic
inhibitors. Planta 136, 71-76 (1977).

Higgins, C.F., Payne, J.W.: Peptide transport
by germinating barley embryos: uptake of
physiological di- and oligopeptides. Planta
138, 211-215 (1978).

Higgins, C.F., Payne, J.W.: Peptide transport

by germinating barley embryos: evidence for

a single common carrier for di- and oligopeptides.
Planta 138, 217-221 (1978).

Higgins, C.F., Payne, J.W.: Stereospecificity
of peptide transport by germinating barley
embryos. Planta 142, 299-305 (1978).

Hiﬁﬁins, C.F., Payne, J.W.: The uptake and
utilization of amino acids, peptides and proteins
by higher plants. In: Transport and utilization

of amino acids, peptides and proteins by micro-
organisms (Payne, J.W., ed.), J. Wiley & Sons.
In Press (1979).



CONTENTS

CHAPTER 1 INTRODUCTION
1.1 Peptide Transport in Animal and

1.2

Microbisl systems

l'l.l

1.1.2
10103
l.l.’-l'

< L 3
o
[ ] *

3 O\\n

RS

Plant

1.2.1
1.2.2

Distinction Between Amino
Acid and Peptide Transport:
Relationship to Peptidase
Activity

Occurrence of Peptide Trans-
port Systems

Nurber of Peptide Transport
Systenrs

Structural Requirements for
Peptide Transport

1.1.4.1 Peptide Chain Length
.1.4.2 Amino Acid Side Chains
.1.4.3 N- and C-Terminal Groups
.1.4%.4 Peptide Bond

.1.4.5 x~-Hydrogen Atom

.1.4.6 Stereospecificity

Energy Coupling

Regulation of Transport
Advantages of Peptide Transport

el SR

Peptides

Introduction
Peptides with a Specific

Structure or Function

l1.2.2.1 Glutathione and Other
¥-Glutamyl Peptides

1.2.2.2 Algal Peptides

1.2.2.3 Peptides in the Phloem
and Xylem

1.2.2.4 Peptides in Symbiotic
Associations

1.2:2.5 Peptide Hormones

1.2.2.6 Other Peptides

10
12
14

15
17

18
19
19

19
22

23

26
26
27



103

2.1

2.2

23

l.2.3 Peptides as Metabolic Tnter-
medintes: The Peptide Pool
1.2.4 Peptide Transport in Plants

1.2.4.1 Algse

1.3.1 Structure

.2 Storage Protein

3 Proteln Bodies

.4 Protein Digestion

1.3.%.1 Endopeptidases
Carboxypeptidases
Aminopeptidases

. Peptidases

3.4.5 The Course of Proteolysis
1.3.4.6 Regulation of Proteolysis

Wil
+ FFF

o e

L340
345

1.3.9 Absorption of Amiro Acids and
Peptides by the Scutellum

METHODOLOGY: TWO NEW FLUORESCENT-
LABELLING TECHNIQUES FOR MONITORING
PEPTIDE TRANSPORT

Introduction

2.1.1 Indirect Methods
2.1.2 Direct Methods

Materials

Methods

2.3.1 Embryo Culture
2.3.2 Monitoring Peptide Uptake

2.3.2.1 Dansyl Chloride
Procedure

2.3.2.2 Fluorescamine
Procedure

2¢3.2.3 Embryo Extraction

37
L2

42
42

70
70
71
71

72
73



2.4 Discussion 73

2.4.1 Embryo Culture Zg
2.4.2 Dansyl Chloride Procedure

2.4.2.1 Dansylation Reaction 77
2.4.2.2 Chromatographic
Separation and

Identification 78

2.4.2.3 By-Products 83
2.4.2.4 Quantification 84
2.4.2.9 Conclusions 86

2.4.3 Fluorescamine Procedure 87

2.4.3.1 Optimum pH for the
Assay of Peptide

Transport 89
2.4.3.2 Buffer Composition 92
2.4.3.3 Fluorescamine

Concentration oL
2.%.3.4 Peptide and Amino Acid

Concentration 96
2.4.3.5 Interference from Free

Amino Acids 96
2.4.3.6 Secondary Amines 98
2.4.3.7 Exodus from Barley

Embryos 100
2.4.3.8 Conclusions 102

2.5 Expression of Results 102

CHAPTER 3 PEPTIDE TRANSPORT BY THE

BARLEY SCUTELLUM 105
3.1 Characterigation of Peptide Transport 106
3.1.1 Introduction 106
3.1.2 Methods 106
3.1.2.1 Separation of Embryo
Tissues 107
3.1.2.2 Determination of pH
Optimum 107
3.1.2.3 Resolution of Amino
Acids 107
3.1.2.4 Metabolic Inhibitors 108

3.1.2.5 Kinetic Analysis of
Peptide Transport 108



3.1.3 Results 109
3.1.3.1 Amino Acid Uptake 109
3.1.3.2 Uptake of Sarcosine-

Containing Peptides 11k
3.1.3.3 Site of Peptide

Absorption 117
3.1.3.4 Uptake of Physiological

Peptides 119
3.1.3.5 Amino Acid Exodus 124
3.1.3.6 Kinetic Analysis of

Peptide Uptake 126
3.1.3.7 Competitive Inhibition

of Peptide Uptake 130

3.1.3.8 Competition Against
Sarcosine-Containing

Peptides 135
3.1.3.9 Effect of pH on Peptide
Transport 137
3.1.3.10Effect of Metabolic
Inhibitors on Peptide
Transport 142
3.1.4 Discussion 146

S
3.1.4.1 Peptide Transport ik
an Active, Mediated

Process 146
3.1.4.2 Amino Acid Uptake 148
3.1.4.3 Distinction Between

Peptide and Amino

Acid Transport 149
3.1.4.4% Number of Peptide

Transport Systems 152
3.1.4.5 Size Restriction for

Peptide Uptake 155
3.1.4.6 pH Optimum for Peptide

Transport 157
3.1.4.7 Kinetic Studies of

Peptide Transport 158

3.2 Structural Requirements for Peptide

Transport 160
3.2.1 Reguirement for the Terminal
Amino and Carboxyl Groups 160
3.2.1.1 Methods 160
3.2.1.2 Results 162

302.10201 C"Terminal
Carboxyl Group 162

3.201.202 N"Terminal
Amino Group 169

3.2.1.3 Discussion 172



3.3

3.2.2

3.203

3.2.4

3.2.5

Energy

3-3.1
3.3.2

3.3.3

Transport of Proline-
Containing Peptides

3.2.2.1
3.2.2.2

Results
Discussion

Specificity Towards Amino
Acid Side Chains

3.2.3.1
326362

Results
Discussion

Requirement for an
x-Peptide Bond

Stereochemical Requirements
for Transport

3.205.1
3.2.5.2
3.2.5.3

Methods
Results
Discussion

Supply and Membrane Permeability

Methods
Results
3.3.2.1

3¢3.2.2
3.3.2.3

3.3.2.4
3.3.2.5
3.3.2.6
3.3.2.7

The Free Amino Acid
Pool of Barley
Embryos

Amino Acid Exodus
Effect of pH on
Exodus

Effect of Metabolic
Inhibitors on Exodus

Effect of Acetate on
Peptide Transport
Effect of Acetate on
Amino Acid Exodus
Effect of Metabolic
Inhibitors on Embryo
Weight

Discussion

3.3.3.1

3.3.3.2
3.3.3.3

3.3.3.4
3.3.3.5

Inhibitory Properties

of Acetate

Amino Acid Exodus

Amino Acid Metabolism:
GAB Synthesis

Reduction in Embryo
Welght

Energy Supply to Peptide
Transport

177
178
181
183
18

18

187

191
191
192
202
207

207
207

207
209

212
212

214
217

223
223
227
229
235
235



3.4

CHAPTER Y4

4.1

)"‘02

4.3

4l

Final Discussion

3.4.1

Structural Requirements for
Transport

Relationship Between Peptide
Transport and Peptidase
Activity

Comparison With Other Studies

SUBCELLULAR COMPARTMENTATION

Introduction

Methods

+.2.1
4.2.2
4.2.3

Peptide Uptake
Peptide and Amino Acid Exodus

Electron Microscopy

Results

L.3.1

4.3.2

4.3.3

L”e3o)+
4.3.5

Characterization of Sarcosyl-
glycine Uptake

Inhibition of Sarcosylglycine
Uptake .

Inhibition of Uptake of
Glyecylsarcosine and Physiol-
logicsl Peptides

Peptide and Amino Acid Exodus

Structure of the Scutellum

Discussiod

L., 1

L., 2

b.4,.3

Sarcosylglycine is not Bound
Extracellularly

Evidence for a Second
Transport System

Intact Sarcosylglycine Uptake
is a Passive Procecss

241

k1

ok

246

250

251

252
252
293
253

254

254

260

262

267
272

277

278

280

281



.5

CHAPTER 9

501

oYY

L.4.5

4.4.6

L.4.7
L.4.8

4.4.9

The Intact Uptake of Sarcosyl-
glycine is Carrier Mediated

Inhibition of Peptidase
Activity

Compartmentation Within the
Embryo

4.4,6.1 Compartmentation of
Peptidases

4.4.6.2 Organization of
Compartments

Models for Peptide Utilization

Identity of the Subcellulsr
Compartments

Compartmentation at the
Cellular Level

Conclusions.

THE PEPTIDE POOLS OF GERMINATING
BARLEY GRAINS

Introduction

Materials and Methods

5.2-1
5.2:2

50203

5e2.4
5.2.5
5.2.6

Tissue Extraction
Peptide Purificstion

Chromatography

5.2.2.2 Gel-Exclusion
Chromatography

Analysis of G-19 Fractions
.2.3.1 Absorbance at 206nm
.2:3.2 Fluorescamine Analysis

2.3, 3 Dansyl Chloride Analysis
2.3.4 TNBS Analysis

=
/
942
5.2
5.2
Tissue Water Content

Automatic Amino Acid Analysis

G-50 Gel-Exclusion Chromatography

282
283

287

288
288
289

293

300

301

304

305

307
307
308

308
309
309
309
310
310
311
312
312

312



2.3

5ol

549

Results

5.3.1 Tissue Water Content
5.3.2 G-19 Column Calibration
5¢3.3 Efficiency of Extraction

5.3.4 Efficiency of the Purification
and Separation Procedures

5.3.5 Analysis of G-15 Fractions

2 N-Terminsl Analysis
Absorbance at 206nm

Se
5.3.5
5¢3e5.
5.3.5.% Fluorescamine
5.3.5.5 TNBS

5.3.6 Separation of 'Protein'
Fractions on a G-50 Column

5.3.7 Amino Acid Analyses

Discussion
5.4.1 Methodology

S.4.1.1 Peptide Separation
5.4.1.2 Amino Acid Quantification
5.%4.1.3 Peptide Quantification

5.4.2 Size of the Peptide and Amino
Acid Pools

5.4.3 Peptide Chain Length
St it Amino Acid Compositions

5.4.4.1 Endosperm 'Protein!
fractions

5.4.4,2 Endosperm 'Peptide!
Fractions

5.4.4.3 Eubryo 'Protein!
Fractions

S.4.4.4 Embryo 'Peptide!
Fractions

S.4.4.5 Free Amino Acid Pools

Conclusions

313
313

313
318

319
328

28
3o
342
342
348
352

354

355

il
wnnwn
oNO™vn

359
365
367

367
369
372
372
373

375



CHAPTER 6 CONCLUDING REMARKS 376
6.1 The Role of Peptide Transport In Vivo 377

6.2 Development and Regulation of Peptide
Transport 379

6.3 Site of the Peptide Transport System
and Peptidase Activity 380

6.4 Possible Applications of Peptide
Transport Studies 380

6.5 Future Avenues for Study 381

6.6 Possible Roles for Peptide Transport

in Plants 383
6.6.1 Utilization of Exogenous
Peptides 383
6.6.1.1 Algae 383
6.6.1.2 Plant Associations 385
6.6.1.3 Higher Plants 386
6.6.2 Transport of Peptides Within
the Plant 388
6.6.2.1 Transport in the
Phloem and Xylem 388
6.6.2.2 Cell=to-Cell Transport 389
6.6.2.2.1 Germinating
Seeds 390
6.6.2.2.2 Senescing
Tissues 394

6.6.2.3 Intracellular Transport 395

APPENDICES
1 Abbreviations 398
2 Diagrams Illustrating the Chromatographic

Locations of the Dansyl-Peptides used
in this Study 400



Effect of Varying Concentrations
of a Non-Competitive Inhibitor
on Transport

Rate of Nitrogen Transfer from the
Endosperm to the Embryo During
Germination of Barley Grains

405

408

409


http://RF.FF.RRNCF.fi

l.1

1.2

1.3

2.1

2.2

2.3

2.4

245

2.6

2.7

2.8

FIGURES

Theoretical models for peptide
utilization

Structures of sarcosine and
glycylsarcosine

Structure of the dormant barley grain

Chromatographic separation of dansyl-
amino acids

Diagram illustrating the chromatographic
separation of dansyl-amino acids: after
two solvents

Diagram illustrating the chromatographic
separation of dansyl-amino scids: after
three solvents

Effect of assay pH on the reaction of
fluorescamine with alanine and dislanine

Effect of buffer composition and con-
centration on the fluorescamine reaction

Effect of fluorescamine concentration
on the fluorescence yleld with dialanine

Effect of peptide and amino acid
concentration on fluorescence yield

Effect of Sar-Gly-Gly concentration on
the reaction of fluorescamine with
trialanine

L6

80

81

82

91

93

95

97

101



3.1

302

3-3

3.5

3.18
3.19

3.20

Uptake of glycine and isoleucine by
barley embryos

Effect of medium concentration on the

uptake of isoleucine by barley embryos

Intact uptake of sarcosine-containing
peptides by barley eambryos

Characteristics of intact Gly-Sar uptake

Uptake of alanyl and glycyl peptides

Uptake of glycylisoleucine and iso-
leucine by barley embryos

Effect of substrate concentration on
trialanine uptsake

Effect of substrate concentration on
diglyecine uptake

Competitive inhibition of glycyliso-
leucine uptake

Competitive inhibition of dialanine
and trialanine uptake

Uptake of glycylisoleucine in the
presence and absence of trialanine

Inhibition of Gly-Sar uptake by
di- and trialanine

Inhibition of Gly-Sar-Sar uptake by
di- and trialanine

Effect of pH on Gly-Sar Uptake
Effect of pH on Gly-Sar uptake

Effect of pH on the uptake of
physiological peptides

Effect of buffer composition on
Gly-Sar uptake

Uptake of proline-containing peptides

Inhibition of Pro-Val uptake by
dialanine

Uptake of peptides containlng L-
and D-leucine

110
112

115
116
121

123
128
129
131
133
134
138

139
140
141

143

14
179

180



3.21

3.22

3.23

3.24

3.27
3.28

4,1

‘+02

4.3

AN
4,5

4.6

4.7

4.8

4.9

Uptake of stereoisomers of peptides
containing alanine and valine

Uptake of the stereoisomers of di-
peptides containing alanine and
glycine

Uptake of Gly-Gly-L-Leu and Gly-Gly-
D-Leu by Barley Embryos

Inhibition of dialanine uptake by
stereoisomers of various di- and
tripeptides

Inhibition of dislanine uptake by
high concentrations of competing
di- and tripeptides

Inhibition of Gly-Ile uptake by
stereoisomers of various peptides

Effect of acetate on Gly-Sar uptake

Exodus of amino acids from barley
embryos in acetate

Uptake of Sar-Gly in the presence and
absence of Gly-Ile: 1long incubation
periods

Uptake of Sar-Gly in the presence
and absence of Gly-Ile: short
incubation periods

Effect of medium concentration on
Sar-Gly uptake

Effect of pH on Sar-Gly uptake

Electron micrograph of the 24h
scutellar epithelium

Electron micrographs of the barley
scutellum

Electron micrographs of the barley
embryo

Parallel-compartment model for
Sar-Gly utilization

Models for peptide utilization by
barley embryos

Page

194

195

196

198

199

200

218

222

257

258

259
261

273

274

275

290



Chapter 95
5.1

5.2

5.3

5.4

55

5.6

5.7
5.8
5.9

5.10

5.11
5.12

.13

5.14

Changes in dry weight of the barley
endosperm and embryo during germination

Kq 8s a function of logjp molecular
welght

Peptides and amino acids in endosperm
extracts from barley grains germinated
for varying periods of time

Peptides and amino acids in embryo
extracts from barley grains germinated
for varying periods of time

Levels of free and 'bound' amino
acids in each G-19% column fractions

Free and 'bound' glutamic acid in
each G-15 column fraction

Acid hydrolysis of DNS-proline

Acid hydrolysis of prolyl peptides

Fluorescamine ansalysis of G-15 column
fractions

Time course for the formation of
TNP-glycine

Effect of Cu2+ ions on the TNBS assay

Separation of endosperm 'protein'
fractions by gel-filtration

Changes in the peptide and free amino

acid pools of the barley endosperm
and embryo during germination

Changes in the free amino acid and
peptide pools of barley endosperm
during germination

315

317

320

325
329

33
343
343

346

350
351

353

362

366



Chapter 2

2.1

3.1

3.2

3.5

3.6

3.7

3.8

TABLES

Effect of secondary amines on the
fluorescamine reaction

Accumulation of amino acids by
germinating barley embryos

Uptake of glycylsarcosine by
various tissues of the barley embryo

Rates of uptake of alanine and glycine
residues from equimolar solutions of
the free amino acids and their homo-
peptides

Appearance of free amino acids in
the medium during incubation of
barley embryos

Uptake of sarcosine-containing
peptides in the presence of various
amino aclids and peptides

The effect of metabolic inhibitors
on Gly-Sar uptake

Rates of uptake of various peptides
and their analogues lacking a C-
terminal carboxyl group

Rates of uptake of various peptides
and their analogues lacking a C-
terminal carboxyl group

Inhibition of dialanine uptake by
various peptides with modified C-
termini

99

111

118

122

125

136

45

163

164

166



3.10

3.11
3.12
3.13
3.1k

3.15

3.16

3.17

3.18
3.19

3.20

3.21

3.22

3.23

3.24%

3.29

3.26

Rates of uptake of various peptides
and their derivatives with modified
carboxyl groups

Inhibition of dislanine uptake by
N-substituted peptides

Uptake of peptides bearing a positive
or negative charge

Inhibition of the uptake of 'charged'
peptides by trialanine

Uptake of peptides with unusuzal
peptide linkages

Inhibition of Gly-Sar uptake by s
variety of peptides containing L-
and D-residues

Free amino acid pool of barley

embryos germinated under different
conditions

Free amino acid pools of embryo
tissues

Amino acid exodus from barley embryos

Effect of medium pH on amino acid
exodus from barley embryos

Effect of metabolic inhibitors on
amino acid exodus from barley embryos

Concentration of amino acids in the
embryo and medium after incubation
with DNP

Effect of acetate buffer on Gly-Sar
uptake

Effect of acetate on the amino acid
pool of barley embryos at various
pH values

Effect of acetate on the exodus of
amino acids from barley embryos

Effect of metabolic inhibitors on
embryo weight

Comparison of the peptide transport
systems of various orgsanisms

167

170

184

185

189

201

208

210
211

213

215

216

219

220

221

224

242



Chapter 4

4.1 Uptake of sarcosyl peptides alone, and
in the presence of various amino acids

and peptides 259
4.2 Effect of metabolic inhibitors on the

uptake of sarcosyl peptides 263
4.3 Uptake of trialanine in the presence

of various inhibitors 265
L. Exodus of Sar-Gly and sarcosine from

barley embryos 268
4.5 Exodus of Gly-Sar, trialanine and

diglycine from barley embryos 269
4.6 Exodus of isoleucine (derived from

Gly-Ile) from barley embryos 270
4.7 Exodus of endogenous amino acids

from barley embryos 271

Chapter 5

5.1 Water content of barley tissues at

different stages of germination 31k
5.2 Amino acid composition of the

'proteins' and 'peptides' of barley

endosperm 336

5e3 Amino acid composition of the
'proteins! and 'peptides' of barley

enbryos 337
5.4 Composition of the free amino acid

pool of barley endosperm 338
Ce5 Composition of the free amino acid

pool of barley embryos 339
5.6 The N-terminal amino acids of barley

endosperm peptides 34k
5.7 Sensitivity of the TNBS assay under

various conditions 349
5.8 Sizes of the total free amino acid

pools of barley embryos during
germination 360



Page

5.9 Sizes of the peptide pools of barley
grains during germination 361

Chapter ©

6.1 Uptake of Gly-Sar by embryos or
cotyledons from various seeds 391



CHAPTER 1

INTRODUCT ION




In the last dozen or so years, the uptake of small
peptides has been shown to be of considerable importance
in the nutrition of mammals and both prokaryotic and
eukaryotic microorganisms. Considering the extensive body
of information which is currently available, relating to the
occurrence and mechanism(s) of peptide transport in these
organisms, it is perhaps surprising that the possibility
that plant cells might also absorb and utilize peptides has
rarely been considered. However, in view of the wide
variety of organisms in which peptide transport is now
known to be important, and the several advantages inherent
in the absorption of peptides rather than free amino acids
(section 1.1.7), it seems likely that, in certain plants at
least, peptides will play an important role in the uptake of
extracellular nitrogen. This study was undertaken in an
attempt to determine a possible role for peptide transport
in plants, in particular during the germination of barley

grains.

Despite the virtual absence of any literature pertaining
to peptide transport in plants, there is a considerable body
of information directly relevant to the work described in
this thesis. Three important areas of interest must be

considered, each of which is reviewed below:



(i) Peptide Transport in Animals and Microorganisms

Clearly, in attempting to demonstrate a role for
Peptide transport in plant cells, it is pertinent to consider
the available evidence concerning peptide transport in other
organisms, In particular, it will be of interest to compare
the nature and mechanism(s) of peptide transport in plants
(if such a system may be demonstrated) with similar systems
in other organisms, in relation to the environment in which
they operate; differences between species might be expected
to reflect specific biological functions. This is especially
relevant in the case of germinating barley grains which
differ from other species so far examined in that, if a
transport system exists, it will operate in a controlled
environment. Thus, while protein digestion in the endosperm
is no doubt variable, the size, amino acid composition and
concentration of peptides presented to the putative
transport system will only vary within certain defined
limits. This is in marked contrast with the large and often
random fluctuations of available peptides which bacteria,

fungi and to some extent animals, encounter in their natural
environments.

(ii) Plant Peptides
The role of peptide transport in plant systems is

clearly related to the availability of suitable substrates.



However, our understanding of the distribution and functions
of plant peptides has lagged far behind that in animals and
microorganisms; the most recent review on the subject was
published more than ten years ago (Synge, 1968). Thus, the
literature pertaining to plant peptides is reviewed below,
in an attempt to illustrate the potential importance of

this group of compounds and consequently, situations in

which peptide transport systems might operate.

(iii) Barley

The germinating barley grain was selected as a suitable
system, both amenable to study and in which a peptide
transport system(s) might be expected to operate. The
reasons for this selection are discussed. 1In addition, the
existence of a peptide transport system must be related to

its possible function in vivo; in this respect an under-

standing of the mobilization of the nitrogenous storage

reserves of the barley grain is also essential.

1.1 Peptide Transport in Animal and Microbial Systems

Although in higher plants 'peptide transport' could
imply symplastic cell-to-cell transfer or the long-distance
movement of peptides in the phloem and xylem, the use of

the term here will be restricted to the transmembrane

transport of peptides.

A number of recent and comprehensive reviews have



appeared on the subject of peptide transport in both

animal tissues and microorganisms, to which the reader is
referred (Matthews, 1975; Matthews & Payne, 1975a; Payne,
1976, 1977; Matthews & Payne, 1979). Consequently, the
topic will only be surveyed briefly below; certain aspects
will be dealt with in more detail elsewhere, in relation to

the barley peptide transport system.

1.1.1 Distinction Between Amino Acid and Peptide Transport:
Relationghip to Peptidase Activity

Any organism able to utilize externally supplied
peptides to support growth must be able to hydrolyse these
peptides to amino acids. However, hydrolysis could occur
before, during, or after transport across the cellular
membrane; a number of theoretical models may be envisaged
(figure 1l.1). In models A and B peptides are hydrolysed
extracellularly, either by free or by membrane-bound
peptidases. The cleavage products may diffuse away;
subsequent absorption involves the amino acid permeases.
Such mechanisms, operative in certain bacteria, do not
require the existence of a distinct peptide transport
system.

Models C and D are examples of a group translocation
mechanismy hydrolysis occurs during transport. They

differ in the sequence in which the translocation and

















































































































































































CHAPTER 2

METHODOLOGY : TWO NEW FLUORESCENT-LABELLING
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