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tains various solutes. For example, the familiar

leafy tissue of lettuce consists predominantly of

the cell walls. The fluid in the cell vacuoles and

the physical constraint imposed by the wall create

turgid cells and the crisp texture that the con-

sumer expects. The protein content of a lettuce

leaf is low, about I to 37o of the dry weight of the

leaf tissue, or less than 0.57o of the wet weight.

The nucleus of the cell, located in the protoplasm.

consists of various nucleoproteins and nucleic

acids that, at cell division, resolve into the struc-

tures called chromosomes. The genes, carried on

the chromosomes of the nucleus, direct the syn-

thesis of proteins, many of which are enzymes. A

gene is a unit of inherited information. It consists

of a number of nucleotides arranged in a linear

order like the words in a sentence. However, in

the sentence represented by a gene there are only

four letters (the nucleotides adenine, thymidine,

guanine, and cytosine), and each word has only

three letters. Each triplet represents an amino acid,

so that the sequence of triplets encodes the linear

sequence of amino acids that make up the polypep-

tide chain, or protein product of the gene. Gene

expression is coordinated and regulated by ele-

ments within the nucleus that respond to environ-

mental and developmental signals' It is the sum of

the proteins produced in each type of cell that

give that cell its properties. Major changes may

be caused by the expression of groups of genes,

resulting in the peculiarities of form and chemical

composition that differentiate cell types from each

other.
Although the principal location of the genetic

determinants of each cell is in the nucleus, green

plant cells have two other kinds of bodies, mito-

chondria and chloroplasts, that also carry genetic

information. Chloroplasts are the site of photo-

synthesis, a process that uses the energy of sun-

light to make carbohydrates like sugar and starch

from carbon dioxide and water. During this pro-

cess oxygen is formed and released. The products

of photosynthesis are used as sources of energy

by the mitochondria, which are the site for oxida-

tle enzymes which create the energy culrency

the cell uses, and as raw materials for the synthe-

sis of many other compounds. The enzyme ribu-

lose bisphosphate carboxylase (rubisco), which

occurs in the chloroplast and plays an important

role in photosynthesis, is by far the most abundant

protein on Earth. Its structure is encoded by the

chloroplast DNA and by the DNA of the cell

nucleus.6 The cells of plant parts that are green

may contain from I to as many as 50 or more

chloroplasts. Plant parts that are not green (e'g',

roots and tubers) normally do not contain chloro-

plasts. Mitochondria are smaller than chloroplasts

and are found in all plant cells in numbers ranging

into the hundreds. Because they are the site of

oxidative enzymes, they are involved in the pro-

cess of respiration. In this process, oxygen is used

to accept electrons from donor molecules, which,

as a result, carcy charges that enable them to drive

a series of other reactions in cell metabolism'

There are two centers of active cell division

in a plant seedling, called meristems, that are

responsible for the growth and development of a

mature plant. The shoot apical meristem gives

rise to leaves, stem, and eventually to flowers'

The root apical meristem gives rise to root tissue'

This may be simple and unbranched like that of a

car:rot, or highly branched and fibrous, like the

roots of lawn grass. As the characteristic form of

the mature plant develops, the immature cells

undergo changes in shape, chemical composition,

and their complement of proteins that are usually

irreversible. Once they have assumed their ma-

ture form, these cells can no longer divide and

many may die. For example, the xylem, or water-

conducting tissue, in the roots and stems of plants

consists of tubular elements made up of empty

cells. The internal diameter of these cells ranges

from 0.01 to 0.10 mm and they can be from 1 to

8 mm or more in length. The individual xylem

cells (xylem elements) have reinforced walls' They

are strung together to create a tubular network

that carries water, and materials dissolved in it,

from the roots to the leaves and other plant parts

above the soil. As the xylem elements reach their

maximal size and mature form, they undergo pro-

grammed cell death in preparation for their final

function.T Other cells assume a long and narrow

form and develop very thick walls and create

bands or blocks of mechanically strong fibers that

reinforce stems and leaves against the mechanical

stresses imposed by wind and rain. In tree stems

these two kinds of cells, water conducting and

fiber, give rise to the wood and timber used in
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FIGURE 1. Scanned image of a two-dimensional gel electrophoretic separation of proteins from the newly
germinated shoot of a corn seedling separated by isoelectric focusing in the first dimension (horizontal) and by
molecular weight in the second dimension (vert ical) .  (Reproduced, wi th permission, f rom Pioneer Hi-Bred Interna-
t ional ,  Inc.)
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a growing chain of amino acids. The secondary
and tertiary structure imposed on this chain is in
part the result of self-directed folding, often in-
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duced by the establishment of chemical cross-
linkages, but also influenced by chaperone pro-
teins whose function is to adiust the final form of

EEc. -  \ r  c ffi,odgi

FSa

.; ;:*u 1q,t",r-i* $ tg_..,È$@.Jl .
C 

'q8ot. 
^e^ogG, .

"G' 6o r-
O o ! 

\ I t  rY o 
t.q9.o

o' 03 
Ò 

"Ee @
o -^"8 .  

vv  
-  

-o



E?S

'uorl

-nlone Jo srsuq eql sr srql 'sed,(t :eqlo JeAo seSel
-ue^pe e,trlrledruoJ JeJuoJ pue usruu8ro eql ol

[ersrJeueq eq ,{eru suor]elnu 
"(lleuorseJJo 

'sruJoJ

perredurun lsure8e uorlrleduroc ur spoes ecnpo.rd
pue e^r^Jns lou plno^\ ,(eql asnEJeq eJnlBu ur

lsure8e pelJeles eq plno,tA se8uuqc eseqt 'lereue8

uI 'rusrue8;o eql Jo ssaulrJ eq] ecnper ,{eru ro

Ieqlel eq,{uur'rueql,{;1pour,{11er1ue1sqns Jo'suor1
-cunJ lelr^ ro tuuuodur qsqoqu teqt seSuBqJ 'uorl

-nlono lo se8els Jerl;eo le suorlelnru snoeueluods

Jo llnsal e se palncco flureueo lsorule pue sruJs
,(reuorlnlole eJu seSueqc eseql slcedse-t etuos uJ
'sercads uee,^Aleq ,(;en;o serceds etuus eq] urqlr.r
JnJso ,{eru suroJ lueJeJJrq 'seu,(zosr pelleJ eJB
surelo;d evt(zueJo sruJoJ peJolle eq1 'e8ruqc pue
ezrs Jreql Jo srseq eq] uo surelo:d saleredes 1eq1
enbruqcel e 'srse;oqdorlcele ur urelo;d aq1 3o ,{1r
-llqou aqt rellu ol sr seSuBqJ esegt Jo tJeJJe uour
-ruoo V 

'uorlounJ selnoolor.u urelord eqt ,(en eqt
uo tceJJe elxll e^Bq ued tsoru eql JoJ ]eql se8ueqc
prJe ourtue ur llnsal osle ,,{eu erurl f.leuorlnyo,re
JeAo sa8ueqc leuorleln6 

'urelo;d eql Jo uorlJunJ
eql Suuetle ro Surqsrloqe reque Jo lJoJJe eqt e^Bq
,(uur lr 'uorlelnru ro 'e8uuqo srr{l Jo elrs eql uo 3ur
-puedeq 'elnoelotu eql ur lurod euo le prce ourtue
eleudotddeur ue lo uorlnlrlsqns eql ol peel ,{eu
uralo;d e sepoJue luqt VNCI eql Jo acuenbes asuq
eql ur e8ueqc e18urs y 's1ue1d 

lsotu ur palJesuoo
puB ol uol'UtuoJ eru 'suorlJunJ JelnlleJ srseq uJoJ
-red tuqt seru,(zue Surdee>1-esnoq pelluJ-os Jeqlo
pue 'ocsrqnJ se qsns 'satu,{zue ,(ue14 'sure}ord 

lua
-nJrlsuo3 Jreql eJe Jelrr.urs eJor.u eql eJB sursrue8ro
peleler ,{1aso1c eroru eqt 'Suqeeds ,{lpeorg

NOrrvtHVA Nt=ttoHd 'A

so sersed-d ",ri ::'.li H,ffiln ffiîfi: :J
e]ls e eq ,(eru slgl qr.sr'ps^oI'UeJ uoql st puu IIec
eqt ur uorleool cryrcads e ol urelo-rd eqt sloeJrp teq]
ecuenbes 8urle8.lul .ro leu8rs polleJ-os e 'ureqc

pIJe ounuu eql Jo puo euo le 'eneq ,(eu surelotd
esaql lo etuos 'pezrseqluf s eru ,(eqt e:eq,^A leJ eql
ulqll A salrs eql le pesn lou oJe surelo:d ,(ue61

'elnoelotu aqt Jo e8uur Ieuors
-ueurp-eerq] B ]cnJlsuoJeJ ol rrreoq Kery ue ur
peculd urato:d eqt Jo 1e1sf.rc e ,(q pesnec sureled

uor]re4Jrp sesn enbruqcel s1{I'fqdur3o11u1s,{"rc
,{e"r-y ,{q paqsrlqetse sr solnJelotu urelord go e;ni
-cnrls Ieuorsueurp-eeJr{l eqI'eceld e>1e1 suorJJBoJ

IecrueqJ ,{reuud eql eJeq^\ uorlrsod e ur poluJol
sr pue eutîzue eq] Jo ,(]rnrlce cr1,(1e1uc or{l ot

IeJrlrJJ ,{11unsn sr luq} dnor8 JrleqlsoJd ro ruole

lelaru B sepnlour osle eJnlcnJls elelduoc eq1

,,'eue8 reelcnu e ,{q peporue BCì SI- Jo lrun
-qns llerus B pue 'eue8 lsuldorolqc e fq pepoJue
B(Iì gg- Jo euo e8rel e :strunqns Jo spurì o.^Al
yo pesodruoJ sr oJSrqnJ 'eldruexe JoC 'slrunqns

tueJeJJrp JoJ elqrsuodser eq feu saue8 lueJeJ
-Jrp esnuceq 'srseqtur{s pue ,{lquossB Jraql selJ
-rldurs flqerunserd srq; 'slrunqns 

;o pesoduoc
eJB selnJelotu urelo.rd re8rel eql Jo ,(ueyn
's1ue1d tueJeJJrp '(lerrluego sloJtuoc Surluu8rs oql ot
puodser ol olqu sE,^A terll ralouro;d u pepnlJur eueS
peuolJ aql 'elduexe qJee uI cr.zr'pees ooceqol ur
pesse.rdxe,(1uo sem ocJeqol olur peonpoJlur urelo:d
ue1n13 u;edsopue pees leeq,r e Surpocue eueS e
',{1;elnurg 'oJceqol pue eloueJ ur urelo;d eSe.rots
pees SZ tnu Irzerg eql sserdxe ol ueeq qcueq
€ ruorg ;eloruord B pesn r r'lB lo rlJuquollv 'e1due

-xe roC 'serlrueJ pue ereue8 luere;ylp Jo s1ue1d
lueJeJJrp Suoue Jelrrurs ,fuel e"re sloJluoo Ieluetu
-dolenep ]eql eJueprno sr eJeql s1uu1d crue8sue:l
ur uorsse;dxe Jo sloJtuoJ aql Jo sorpnls ruoJC

'parrnber .re8uol
ou ueq,lA uaop ]nqs sr uorsse;dxe leql pue'pepaeu
ere ,{eql eJeqa puB ueq^\ pesse;dxe pue pate.\
-rtoe aJu seua8 eler"rdo;dde aqt ]uql eJnsue feql
'luerudole^op 

IeuJou JoJ luelrodurr ,(11ecr1r.rc eJE
uorssardxe eue8 Jo sloJluoc Surluu8rs eq; 'arurl

eql IIe pesserdxe ere seue8 pesserdxe flenrlnlus
-uoJ '-retouord eqt Jo elrs Surpulq eqt pue rossa:d
-eJ oql ueolueq Surpurq eqt qlr^\ Surre;-ra1ur .iq
relouo:d eql seseele-r lue8e Surcnpur eql 'peJnp

-ul sl eueS eql ueg6 'uorlducsuerl eue8 Surlu rn
-Je ruo4 tueq] Surluene;d ,(qereql rueel ol punoq
sr '.rosse;de"r e polluo 'alncalour urelo-rd IIBrus E
ueq,lA pesse;dar,ilyereue8 oJB sJelouor4'pesse:da:
Jo pelelrlJe eq ,(eur qcrq,n 'aue8 eql JEau peleJol
sluotuele Ieruos otuo.rqc' srelouro;d,(q pe1 lo"rtuo J s :
'uorsse;dxe eua8 pelleJ'ssecord eql'seue8 11e :o:
,{lsnonurluoJ JnJJo }ou op eJuonbes prce ourrui
uB ol ecuenbes proe crelonu aql Jo uorlulsuc-r-
pue VNIUTU ol uorlducsuuJt Jo sessecord eq1

'elqrssod uotle;n8t1ut-' -'

Ieuor]JunJ olqels tsotu eql ot alnJalotu urato:d :i'-



Naturally occurring variation in protein com-

position can be most easily detected by two-di-

mensional electrophoresis of plant extractss'18're

(see Figure l). However, this technique probably

resolves only a fraction of the total number of

proteins present in a particular tissue.

Changes that are beneficial or neutral with

respect to protein function could be of signifi-

cance if they created molecules that are allergenic

or have enhanced allergenicity. However, in view

of the very low frequency of IgE-mediated aller-

genic responses in humans to the very large num-

bers of proteins and naturally occurring protein

variants they are normally exposed to in their diet,

the probability of this occuning is almost cer-

tainly very low. It is also important to bear in

mind that, except for seed storage proteins, the

majority of individual plant proteins are present

only in small amounts and at concentrations that

may be below the threshold needed to stimulate

an IgE-mediated response.

VI. PROTEINS INTRODUCED INTO THE
DIET BY PLANT PRODUCTS

Some proteins have a mechanical or struc-

tural function contributing to the form of plant

cells and their organelles. For example, the mem-

brane systems within cells, which are the sites cf

various reactions inherent in cell metabolism, are

proteinaceous. However, carbohydrate derivatives,

often strengthened with polymers such as lignin,

are far more important in giving rise to the gross

rigid and fibrous structures we are familiar with

in plants.
Enzymes are proteins that direct the many

biochemical processes that accompany cell growth,

cell division, and metabolism. There are large

protein reserves in seeds that are used to sustain

the growth and development of the seedling dur-

ing and after germination. These often occur in

cells as protein bodies and are broken down, or

mobilized , by enzymes and transported and reas-

sembled in regions undergoing rapid growth when

the seed germinates. Unlike most other plant parts'

seeds have large amounts of protein that may

make up l0 to 507o or more of their dry weight'o

This is why seeds and nuts are important protein

sources in the human diet. Many of the stored

proteins are present in relatively high concentra-

tions. Numerous reports have suggested a corre-

la t ion  be tween  the  leve ls  o f  p ro te in  and

allergenicity (see "Principles and characteristics

of Food Allergens" by Steve L. Taylor and Samuel

B. Lehrer and "Food Allergens" by Robert K'

Bush and Susan L. Hefle in this issue)' The high

levels of storage proteins in seeds may explain' in

part, why some people become sensitive to them

uft.t consuming them (e.g., peanuts) or processed

seed products (e.g., wheat flour in bread)'

In addition to the diversity of proteins that are

normally present in plant tissues, other proteins

are introduced by microorganisms associated with

the plant, or by invading pathogens such as vi-

ruses, bacteria, and fungi. All fresh food and pro-

duce have a microbial flora. Fruits commonly

carry yeasts that grow on their surfaces' All plant

surfaces have soil organisms carried there on dust

particles and other debris, or splashed on by rain

or irrigation water. Airborne fungal spores are

deposited on Plants.
Some of the fruits and vegetables we pur-

chase for consumption may carry plant disease

organisms. Plant viruses increase to enormous

numbers in infected cells such that the viral coat

proteins, or other viral proteins that form inclu-

sion bodies, compose a significant portion of the

total cell protein. Data in Table I show the levels

of coat protein from different viruses that were

measured in four different fruits (cantaloupe,

honey dew melon, yellow crook neck squash, and

zucchini squash) obtained from a supermarket'

These data illustrate the variability and extent of

the different viral coat proteins that are compo-

nents of our food suPPlY.
ln most cases the presence of organisms caus-

ing plant disease is revealed by the rots and dis-

coloration (chlorosis and necrosis) that are asso-

ciated with yet more changes in composition'

These symptoms may appear in the field, before

harvest, or after harvest when produce is in stor-

age prior to distribution and sale' Soft rots are

caused by the release of extracellular enzymes,

formed by the invading microorganisms, that break

down the pectin cement between cell walls and

the cell walls themselves. In some cases host cell

death is caused by toxins made by the pathogen
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to limit or contain the growth of the invading
pathogen. In recent years, much research has fo-
cused on the so-called pathogenesis-related (PR)

proteins that appear during the early stages of
plant infection.2l The amounts of these proteins

are not large, less than 0.017o of the total cell
protein. Their function is not understood in terms
of specitic resistance mechanisms and how these
are controlled by PR proteins. Two PR proteins

from kidney bean (Phaseolus vulgaris) have been
identified as possible allergens.22 There is no evi-
dence that the proteins produced by pathogens

cause such effects.
There is considerable information that con-

suming the chemical products formed by success-
ful invading pathogens may have severe conse-
quences. For example, stored peanuts may be

invaded by molds (Aspergillzs spp.) that produce

nonproteinaceous compounds, aflatoxins, known
to be carcinogenic.23 There is also evidence that
infected or contaminated feeding stuffs given to

cattle may result in aflatoxins being present in

their milk.24'2s
A second example, which is not a problem in

human nutrition, is encountered by livestock pro-

ducers who may have problems with forage grasses

that contain fungal endophytes.26 These endophytic
fungi live in the tissues of the grass leaves and

stems without producing visible signs of disease
until they reproduce sexually and form spores.
However, certain chemical metabolites produced

by the fungi are responsible for neurologic im-
pairment and may cause a disorder known as
staggers rn grazing animals. Other compounds
produced by the fungus are abortifacients and
lead to stillborn calves. There is evidence that

these compounds confer insect resistance and
drought tolerance on the grasses, both of which
are selective advantages. For this reason they are

of interest to turf grass breeders.2T
Both of these examples of potentially danger-

ous materials in food and fodder are produced by
fungi. They are not proteins and result from some-

what complicated synthetic pathways that are
controlled by the products (enzymes) of a number
of genes. In the production of new crop cultivars,
plant breeders typically screen much material
collected from nature and from other breeders to

look for certain characteristicss they need. Pest

and disease resistance are important features of

s46

most such screening programs. Care must be taken

to ensure that the resistant products do not contain

unduly high concentrations of naturally occurring

toxic compounds that may be partly responsible

for their resistance.
Plant tissues that are stressed by high tem-

perature or extreme drought form heat shock pro-

teins.28 These proteins are used by plant cells to

help them recover their normal functions when

the temperature falls, or more water becomes

available.2e Heat shock proteins play a role in

ensuring that other important cell proteins have

the correct three-dimensional configuration. Heat

shock proteins are also called chaperones.

VI I I .  CONCLUSION

Proteins play important and intrinsic roles in

plant structure, function, and development. Be-

cause humans cannot synthesize essential amino

acids, plant and other sources of proteins are es-

sential components of our diet. Each day we con-

sume tens of thousands of different proteins from

plants and plant-associated microorganisms. Most

of these are present in the diet in small quantities,

but some, such as the storage proteins in grains

and seeds, may make up a substantial part of the

plant proteins we consume. Although these pro-

teins serve many different roles in the plant, from

structural to enzymatic, they are typically rapidly

degraded after consumption to individual amino

acids, which are then used by our bodies to syn-

thesize other proteins and nutrients.
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