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Abstr,a. Qualitative and quantitative estimation of a proteinaceous chymotrypsin inhibitor
in tissues of potato plants has revealed a transitory existenoe in all tissues except xylem,
flowers, and seeds, where the inhibitor was not found. The distribution pattern in both
aerial tissues and in tubers during development and senescence suggests that the ooncentrations
of this protein in all tissues are influenced by meristematic regions of the pOlants. The
transitory existence coinciding with breaking of apioall dominance suggests that in the potato
plant the protein may have some role in the process of establishing and maintaining meriste.
matic tissue. A search for the protein in other Solanaceae species and in plants from
non-related species has proven unsuccessful.

Studies were recently initiaited to acquire infor-
mation concerning the origin, fate, and funiction in
potato plant tissues of a protein that is a powerful
inactivator of proteolytic enzymes (9). This pro-

tein was previously isolated and crystallized from
potato juice (2, 8) and has been the snbject of
severall reports concerning its chemical properties
and inhibitory capacities (2,3, 6, 7, 8). Recent ex-

periments have revealed that the protein was present
not only in potato tubers, where it was originally
obiserved, but could be detected in leaiflets of the
potato plant (9). The protein could be demon-
strated only in carefully chosen leaflets and its

existence was foutnd to be transitory (9).
The proteinase inhibi,tor under study is one of

several now known to occur in potatoes and other
pliant storage organs (4). This inhibitor is spe-ific
for chymotrypsin and chymotrypsin-like enzymes,
whereas almost alil other known proteinase inhibi-
tors from planlts are specific for trypsin-like en-
zymes (4). Data concerning the in vivo roles of
proteinase inhiibitors in plants has been meager.

They hiave been considered as control substances
with a capacity to react wiith endogenous proteolytic
enzymes or as protective agen'ts for neutralizing
proteolytic enzymes from invading insects an-d

microorganisms. Previous to this report, no at-
tempts have been made to stldy these inhibitors in
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tis,suies other thian in the storage organs from which
they were isolated.

The present report provides a descri,ption of the
ccu,rrence and di,stribution of the specific proteinase

inactivator in tissues of entire plants of Solaitum
tuberosum grown in growth chambers, greenhotuses,
and in the field. The results indicate that the pro-
tein iis present, buit transitory, in allI tissues of potato
plants except flowers, seeds, and xylem. Its pres-
ence and ac,cmulaltion in tiissutes consistentlly coin-
cides with the estalb,lishment, or maintainance of,
meri!stematic regions in the plants.

Materials and Methods

Chymotrypsin inhibitor from potatoes [inhibitor
I (6)] was 5x crystallized according to the method
of Ballis and Ryan (2). Rabbit anti-inhibitor I
serum was prepared by injecting subcuitaneously into
rabbits, biweekly, 1 mg 5x crystallized infhibito,r I
emulsified in complete Freund's aidjuvant. Qualita-
tive estimation of the inhibiltor proltein in standards
or in plant extra,cts was determined by the method
of Ouchterloney (5). This method in our hands
could detect as little als 8 jug of inhibito-r I per ml.
Ti.ssues of plants were grotund with a mortar and
pestle and the whotle homogenates, or the juice
therefrom, was tested for the presence or absence
of inhibitor I. Although no attemipt was made to
(luantiitate exactly the precipitin line, its density
was est.imated in each test by comparison to known
standards.

Ju,ice was obtained by homogenizing tissues with
a mortar and pestle and by su,bsequently squeezing
the homogenate using a hand garlic press. Juice
that was further clarified by centrifugation will be
speci,fied as suich in the text.

Quantitative determination of inhibitor I wvas
made ulsing the rapid, sen,sitive radial diffui,ion
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method described by RN an (7). The method will
quantitate 10 pg/ml or miore inhiibitor I in cruide
potato extracts.

Inhibittor activities ar-e reported as mig alpha
ohymnotrypsi n (3x crystalflized fronm Worthington
Biochemicial Co-mipany) inhibitetl per ming nitroigen
(Kjeldafhl). The anmuo,nt of jtuice, centrifuiged at
2000 X g for 10 millnutes, required to completely
inihibilt 1 mg chymotrypsin (callculated from the
value at 50 % inhibition) wals deitermined by the
method of Aldrich anid Balls (1). Tyrosine ethyl
ester was the substrate at pH 6.3 aned 250.

Rulsset Buirbank potaitoes were uised for the
stu,dy except where noted. Potatoes wvere grown in
grow,tlh chamibers undi(ler 1500 ft-c of light in a
14 hour day. The temiperatuire range was 18 to 240.
Planits growNvn in a greenhoulse were growni under
na,tural light duiring tihe spring, summer, an-d fall
of 1966. Field potatoes were grown-in local soil
fertilized with 200 Ih5 niitrogen per acre.

Results

Anti-inhibi,tor I seruim reacted with purifieed
inhibitor I in the Ouichterlonev (double diffusion
assav to -ive a single precipitin lilne (9). When
this seruim was chiallenged in tihis assay system witth
hlomogenates or juice fromi potato plalnt tissues, a
single precipitin line wvas also fouiind (9). Control
serum taken from flic rabbit before injecitions of
inhibitor- T showed nio precipitin line. TI)he high
dlegree of specificity of the seruminn detecting the
preseiice of inhibitor I aimiiong hun11dreds of proteinls
present was the basis for its uise in the present study.

Reoetirvitv of Anti-Inhibitor I Sceiirum Cwith Pot(ato
Tutber Jutice. Nineteen varieties of potatoes wvere
initially tested w-ith the alntiserum )prepared against
in,hibitior I puirified froni Russet Burbank potatoes.

Juice from all 19 varieties gave a single precipitin
line that was, visually, fully crolssreacting wi(th
inhibitor I from Russet Burbank tubers. Total
inhibitory activity toward alpha chymotrypsin was
also tested in tihe juiice from alil 19 varieties. The
valutes for all varieties ranged from a high of
1.15 ug chymotryp-sin inhibited per nig juiice 'N to
a low 0.23 pg/mg N. The meani was 0.51 pg
chymotrypsin inhibited per mg juice N. Russet
Burfbank variety, utsed for preparati,on oif pure in-
hibitor, inhibited 0.45 pug chymotrypsin per mg juice
NT. However, as will be discuissed later, the pa(ttern
of conlceinitraltioin of inhibiltor I withlill individuial
potato tubers depended upon the age and condition
of the tubers. Thus the total inhibitorv activities
cannot be use(d with any certainty as a genetic
trait of any given variety. The complete immuino-
logical crossreactivity of ithe proteins however did
indicate that the protein among the differenit varie-
ties is genetically simitlar.

Determnination of Total Chym aotrv'psin Inh ihito r
Capaciyt in Tubers aind Roots of the Solanaceac
Family and in Tubers, Roots, and Bulbs of Other
Families. Previous stiidies have shown that at least
2 proteinaceous inhibiltors exist in potato tubers (6).
It wxas considered possible thact these in?hibitors might
be uibiquii,touts to utndergrouind tisstues of the Sola-
iiaceae familly. Jutiice from nightshade, eggplant.
tomato, and pepper roots or stems were tesited for
inhibitor\ acytiit. The presence of chymotrypsin
inhibitors was also tested in members of several
other plant families that have fleshy uin,dergrouind
tissutes. Using inhibitor I antiserunm, the presence
of inihibitor I was dleternminiied in cenltrifuiged juiice
friotil these tissuies bw the Ouichterloney (5) method.

Table I gives the plants of fthe \variouis fati-ilieS
anld the particcular tissuie tested. The resullts in
table I shlow that inhibitor I was fouind only in the
potato alithouigh several of the plalnts containe(l

Table I. Inhibition of Clivinotrypsin by Jutice fromwl !'arions Tubcrs, Roots, inid Butlbs

FaImiily

Solanaceae

(on vol ulaceac

Al1usacea

Crtici ferae

Ranunculacae

Lilaceae

Iridaceae
Amarvllidaceae

Species

S. tuberosumn
S. IIigru ni

S. nitlongeuna
I esculen tt In

1.. annum

I. batatus

.11 sapien turn
C. Ontiquorumn
C. osculenta
13. napobrassica
B. rapa
P. officinialis
A. of ficinialis
1. flor-entinia
A . cepa

Commiiiioni naime

Potato
Nig-lhtshade
Eggplanit
Tomato

Pepper
Sv- cet P)(,t:tt
Banan a

Taro

D)asi4ccn
Rutabaga
urnip

Peollv

Asparag us
Iris
Onion

Croiss re-
activitv
witlh

inhibitor 1

antiseruiniiTissue

Steini
S"tein
Rnot
Rk(,out

Tuber
TubIe,r
Tiiber
Tuibr
Tuber
Tuber
Tubeir
Tuber
Bulb
Bulb

C1liy llo-
trv psin
inhibited
by juice

(mng/111i N)

0.45

0).11
0.07
0.30
38.95
1 .8,
0

0.02
0

0.02
0
0
0

590)



RY'AN ET AL.-A TRANSITORY PROTEIN IN POTATOES

considerable inhibitory activity toward chymotrypsin.
Banana tuiber julice contained almost 10 times more

inhibitory activity than either sweet potatoes or

Whhite potatoes. The taro contained a high inhibi-
tory capacity, buit its close relative, the dasheeni,
conitained none.

Distribution of Inhibitor I in Potato Tuibers.
1'otato tuibers (Ruisset Buiribank) of varying age
and (levelopment were dissected in,to small individual
sections of tissuie anid the juice or mascerates of
individual samples were tested immuniologically for
the presenice or absence of inhibitor I. In very

young attached tuibers, 1 to 3 cm in diameter, the
inhibitor protein was found evenly digtri'buted
throuighout all of the tissues. In older attac-hed
tubers anld in freshly harvested mature tubers, the
inhibitor was fouind to 'be uniformly located in the
externa,l phloem and cortex, i.e. the area oultside
the vascul1ar ring. The concentration decreased
significanbly just inside of the vascular ring but
increased again slightly in the centter pith. In a

tuber removed from cold storage after 1 year, a
somewhat similar pattern was seen, but there was
now in the ouiter phloem and cortex a decreasing
gradient from the apicail end toward the stem end.
'INhe inhibitor int the stem end cortex and center
I)ith had nearly(disappeaired. In sprouted tubers,
the ovel-aill concentration of inhibitor I had de-
creased eveni more, particularly near the sproute(d
e e. The sproui s themselves, however, exhibited
the presence of inhibitor and the concenitratioll 'Was

particularly higih at each axil aind at the apex of
the niew sprout. As willl be described in a lateir
sectioni, seed pieces planted in the field lost inhibitor
I protein comipleetely as sproutst elongaited anld
eiiierged from the soil. It was concluded that the
inihilbitor concentration in tubers was definitely
chaniginlg with storage and its disappearance from
the tuber closely coincided wiith the establishment
of the growth of new sprouts.

Using the radial difftusion method, a quantitative
estimate of inhibi,tor I in potato tubers was made.
A newly ha,rvested mature potato was selected and
a longitudinal slice was removed that was about

1 cm thick and included the area of the stem
attachmentt and the apex. A similar slice was
taken from a potato stored 1 year at 40. Each
slice was dissected into the visibly defined areas
com,prising the tissules outside the vascular ring
(cortex and outer phloem), the dense tissue itiSt
inside the vaiscular ring, and the less dense center
pith. These tissues were then subdivided into abouit
30 equivailent sections. The tissue sections were
nashed to a puilp with a mortar and pestle and the
juice was collected and centrifutged at 2000 X g
for 10 miinutes. The juice was analyzed f'or total
protein and total inhibitor I. The results are showun
in table II. Whereas the total biuret protein re-
mained relatively constant among all of the tissue
sections, the dififerences in percent inhibitor I be-
tween the 2 potatoes were striking, especially at the
stem end and center pith.

In order to find if the rresullits from the slices
tested typicalily represented new and stored potatoes,
4 typica;l ttubers were selected from each age group
and sections of the stem and apical co,ltex and of
the ceniter pith were removed anid the juice re-
covered and tested as described above. In addition,
4 very young tubers 2 to 3 cm in diameter were
detached from parent plants and simllailly tested.
The cutmulative results are showni in table III.
Againi, with age, the strikinig change in concentra-

tioln at the stem end and center pith were seeni.
The decreasing ratio of percent inhibitor I in the
stem versus apical cortical regions is shown in the
right-hand column of table III. Coinciding with
this ratio was the concentration of inhibitor I in
the center pith, which decreased markedily with the
age of the tuber. It was also noted that in the
v-ery young tuber, the cortical areas exhibited a

uniform but lesser concentration tihan in the new

mature tuber. Ailthough inhibitor I in individual
tuibers can vary considerably, the cumulative results
are consi,ten't with the earlieTr observations that the
levels of the inhibitor are undergoing constant

change duiring aging, decreasing near the stem and
center pith but remaining in the highest concentra-

Table II. Sumimary of the Distributioni of Inhibitor I in Tissues of New and Aged Potato Tubers

New potato Year old potato, 40
mg Protein Inhibitor I inig Proteini Inhibitor I

Tissue Area per ml % of juice per ml % of juice
tested tested juice protein juice protein

Cortex

Inner

p)hloem
area

Pith

Stem end
Medial area

Apical end

Stem end
Medial area

Apical end

Stem end

M1edial area
Apical end

12.19
10.77
9.31

8.71
7.52
8.66

7.22
7.13
8.21

5.17
2.89
1.56

0.45
0.60
0.51

0.61
0.52
0.68

10.90
10.65
9.31

12.46
11.85
10.56

10.47
11.16
8.44

0.71
0.62
3.00

0

0

0.14

0

0.03
0.07
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Table IlI. Distribution of Inihibitor I in Cortex antd Pith of Potato
Developmental States

7 uiber-s ii, arlolus

Tubers

Very young potato tubers
2-3 clll diameter-
Stem cortex
Ceniter pith
Apical cortex

New imature potato tubers
Stem cortex
Center pith
Apical cortex

Year old mature potato tubers
Stem cortex
Center pith
Apical cortex

tions near the region of potentially new growth,
i.e. the apex.

Distributionl of Inhibitor I in the Vegettative
Potato Plant. The distribution olf inhibito,r I in
vegetative tissue varied depending uipon the physio-
logical staite of the potato plants. At particullar
times du,ring devel,olpment of plants, the prctein
could be demonstrated qualitativeily by the Ouchter-
loney m-ethod in every tissuie or organ except in the
xylem of the main s5tem, in flowers and in seeds.
The concentration in leaflets, petioles, stem, anidl
roots was generallly highest ju,st preceding or during
the establishment of new growth, recedinig or dis-
.appearing thereafter.

Inhibitor I was observeid quanti'tatively in leaf-
lets from a young potato plant grown in the
growth chamber from trule seed anid from a young
plant ailso grown in the groSwth chamber, buit from
a sprotited poitato tuber. When itested, both plants
were still developing new rhiziomes. Tubers ha(l
not yet beigun to fio,rm. The seedling plant had not
v-isibly begtun to break apical dominance whereas
the plant from the seed piece was breaking apical
lominance at the lower 4 or 5 axils. The small
leaf?lets from the 3 petioles near the apex of both
plants were not assayed. These leaflets were ismall
anld in all plants tested consisitently exhibited the
presence of inihibiator 1. From the fourth petiole
lown from the apex to the base o,f the plant selected,
leaflets were assayed for inhibitor I concentration
by the radial diffusion method. The cruide jtiice
from the terminall and from the leaflet twin nearest
the stem on each petiole was te.sted for inhibitor I.
The concentration of inhibitor I in these leaflets at
each node are shown in figure 1. A comparison
of leaflet inhibitor I between planits s-hows that the
lplant grown from the seed piece, jutst breaking
apical dominance at nodes 13 throulgh 16, has much
higher levels in most leaflelts than the plant growvn
fromi trtie seed. The distribution with respec-t to
leaflet an(l petiole position is also (lifferent. In

Inhibitor I
% of

juice protein

0.74
0.86
0.74

1.37
0.75
1.53

0.42
0.27
1.05

Ratio %
apical

1.00

0.90

0.40

the seedling plant, not yet breaking apical (lomlli-
nance, inhibitor I is absent or nearly so in the
lower leaflets in contrast to the high concenitrationl
in the larger planit near the middle lower leaflets.
Although the 2 planits descrilbed are from different
origirns, i.e. 1 from true seed and 1 from a see(d
piece, it a.ppears that the stage of devel,opment o f

100 -

_L
v

c 500
a0.

.0

:, 400

r-

° 300C3

200

100

Apex 4 5 6 7 8 9 10 11 12 13 14 15 16
Node Number

FIG. 1. Quantitative determination of in-hibitor I ini
leaflets of potato plants grown from truc seed (top)
and from a sprouted tuber piece (bottom). The solid
circles (0) represen-t the ,ug inlhibitor I in juice fromii
leaflets nearest the main stem on petioles of the indicate(d
nodes. Open circles (0) represent ,ug inhibitor I in)
julice of the terminal leaflet fronm each petiole.

WVn I

L-

0
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the plants, rather than origin, deterimines the levels
of inhibitor I in the tissues.

Tihe youngest leaflets on each petiole, nearest

the stem, contain the highest levels of inhibitor as

compared to termminal leaflets (fig 1). It has al-
ready been mentioned that the youngest leaflets
near the apex uisuially contain inhilbitor I. In addi-
tion, lateral buds consi.stently contained inihibitor I
no matter what stage o-f growth or environmental
condition the plant was in, excep.t laite senescence.

A pattern of transienit existence of the inhibitor
I in 'leaflets of very young seedling plants has pre-

viously been descriibed (9). In those experiments,
inhibitor I appeaired in leaflets just preceding new

rhizome growth and nearly disappeared after several
rhizomes were e:stabblished (about 50 days after
planting). The interesting observaition was made
that decapitating very youn'g plants before rhizome
for,mation promoted the accumul,ation of inhibitor I
protein in leaflets. In rapi(dly growinfg plants w-here
the protein had appeared and subsequently receded,
the removail of ihizomes and apex simutltaneously
caused a striking increase in the numlbers of leaflets
containing inhibitor I within 48 hours. These re-

sulits were the first indications that new growth
centers were exenting a control upon the accumula-
tion oif inihibitor I protein in leaflets. It is n'ow

known that seedldng plants maintained in the growth
chamber beyond about 60 days exhibit an increase
in inhibiltor I in most leaflets and the plants gen-

erally tend to break apicall dominance. If the
plants are transferred to a greenihouse under natural
ligh't in the short-day period of February to April
wvithin 60 days of p1anting they ten'd to grow with
a isingle stem and apex. Under the shIort day con-

ditions inhibitor I remains in low concentration
throughout most of the ti'ssues -of the plants.

Quantita)tive observations of the accutmulation of
inhibitor I in seedling plants, induced by excising
apices and rhizomes, are reported ihere using potato

plants grown from seed in growth chambers. The
planits possessed severail actively growing rhizomes
but had not yet begun to form tutbers (beyond 50

days after planting). Table IV shows quantita-
tively a typical response of 'inhibitor I 48 and 96
hours after excision of both the apex and rhizomes.
The areas of ,the plants tested were A) the apical
area of the controS plant, B) the leafilets from the
3 upper-most petioles nearest the apex, C) the

termlinal leaflets from the remaining 3 to 4 llower
petioles, D) the upper stem corresponding to the
upper leaflets, E) the lower stem, F) the roots,
and G) the sgtollons of the control plant. The re-

moval of the apex and stolens caused an increase
in the concentration of inihiibitor I in the upper
leaflets wiith time and also induced tihe lower leaf-
lets and lower stem to accumulate inhihlbitor I

(ta,ble IV). The progres.sion of thie accumulation
is apparently from the top of the plant down. The
roots did not exhilbit the presence of inihibitor in

these experiments. The pattern of the accumula-
tion of inhibitor I in these younger plants is some-

What different than the pattern found in older,
more mature plants. In young plants, inhibitor I

coulld be observed in stem tissue under the same

conditions that it was found in leaflets. In older
plants the removail of apices and rhizomes caused
an increase in inhibitor I in stem tissue even before
an increase coutld be observed in leaflets. In either
case, the energy for the protein synthesis i,s prdbaibly
derived from photosynithesis since removal of all
leaflets cauised an immediate disappearance of in-
hibitor I in the stems.

In plants just previous to, or during the breaking
of apical dominance or estavblils.hment of new

rhizomes, in(hibitor I could sometiimes be detected
in juice from roots. Under other conditions, it was
not possible to demonstrate ilts presence in root
extracts.

Inihibitor I was determined in stem and root

Table IV. Accumitulationi of Inihibitor I int Solanum tuberosum Seedlitngs Induced by Excising Apcxes,
Stolons, and Lateral Buds

Inhibitor I, % of soluble protein following excision1

48 hrs 96 hrs
0 Time aifter after

Tissues examined2 control excision excision

Apical leaflets 0.21 ... ...
Upper leaflets 0.23 028 0.48
Lower leaflets 0 0.31 0.26
Upper stem 0.693 0.40 0.31
Lower stem 0 0 0.23
Roots 0 0 0
Stolons 0 *--

90,000 X g supernatant of tissue juice. Plants were 6 to 11 cm in height. having 9 or 10 petioles and 5 to 9
stolons.

2 Apical leaflets were from 3 small leaf,lets surrounding the apex. Upper leaflets were the terminal leaflets of
the next 3 petioles proceeding down from the apex. Lower leafilets were the terminal leaflets from the lowest 3
or 4 petioles of the plants. The entire stem was equally divided after removing all lateral growth.

3 Included apical stem, initiailly high in inhibitor I.
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Table V. Accuimulationi of Inhibitor I in Stemn of Tuberizinig Solanunm tuberosum Plants Induced by Remiioval
of Stolons, Tubers, and Apexes

Plants grown from cuttings had an average height of 46 cm.

T1issues exainline(l

Petioles
Upper stein
M\liddle stem
l ower stem
Underground stemii
Stolons
Roots

0 Timiie
control

0
0
0
0
0
0.5
0.1

Tubers 1.4

1 Plant had broken apical dominanice, 6 new stolons.
2 Planit h:id brokeni apical dominance, 3 tubers, no stoloi'
3 All niew g'rowth. i.C.. lateral buds and stolons removed as

tissues of tuberizing plants grown from cuttings in
the greenhouse. In these plants the stolons and
aittached tuibers contained appreciable inihibitor I
anid it could be demonstrated in the roots (table V,
clontrol ilant). Removal of the apex and stolons
of 3 planits of equiiva'lent age and size induced a
considerable accumuilation ojf inhibitor I in the
stem after 144 hours. This was especialily so near
the base of the plants. From 1 of bhe plants (plant
No. 3), the lateral buds anid new stolens were
clontinuallly removed as they grew or reformed. In
this plant, the inthiibitor coulld be detected higher up
into the stem tihan in the 2 plants where new lateral
growth, stolons or tulbers had been allowed to grow.
In none of the plants was it possiible to detect
inhibitor I in the petioles or in leaflets excefpt in
close proximity to the apex of tihe controil plant.

Observations of Inlhibitor I in Tissues of Field-
Grown Potatoes. Because the distribution and con-
centration of inihilbitor I was apparenitly dependent

Inhibitor I, % of soluble protein
144 hrs after removal of

stolons and apexes
1' 22

0
0
0
0.9
1.8

0.4

0
0
0.8
1.1
0.8

0

33

0
0.3
0.5
0.7
0.7

they appeared during experiment.

upon both the age of the plants and the environ-
mentall conditions of growth, iit was o,f interest to
stuidy inhibitor I in plan,ts in their naturail environ-
ment under normal growing conditions. A field
50 feet square in the Washington State University
Agronomy Farm, PulIlman, Washington, was planted
with several rows of sprouted Russet Burbank
potato see(l pieces spaced in the rows about 24
inches apart. The Pilants were regularly irrigated
and were weeded, fertillized, and sprayed wiith an
insecticide at approximately 2-week intervals. The
plants grew- at what was considered a normal,
healthy rate. Seed pieces were planted May 12,
and tthe first plants emerged June 6. Potato plants
were anialyzed qualitatively for the presence of
inhibiltor I in tissuies every 7 to 10 days from June
8 through senescence. Entire young plants were
disseoted into individual leaflets, petioles, stem(s),
rhizomes, 'roots, and seed pieces and tested sepa-
rately. As the plants grew larger, it became im-

Table VI.
Values were assigned

double diffuision assays
standard solutions.

Tissue

The Presenice of Inhibitor I in Juice fromi Tissues of Field Grown Potatoes
froni the den'sities of precipitin lines formed by the juice with anti-inhibitor I serum in
in agar gels. The precipitin lines were compared to those formed by known inhibitor I

Days a f t e r p l an t i n g

Upper leaflets
Lower leaflets
Upper stem
Middle stem
Lower stem
Underground stem
Rhizomes
Tubers

0 27
Al +
A A
A
A
A
A
A

A
A
A
+
±

35
+
+
+
+
+
+

40

+
t

+- +

A A A A

48 61
_ 4-

+-

77
-4-

84 902

+ _ _~~4
+ + +

+
-L 4-

+ ± ± -

Roots A + 4- - - 4- 4- +
Seed piece + + 4- 4- - - A A A

"A" indicates tissue absent; + represents approximately 50 pg or more inhibi,tor I per m,l juice; ± between
8 and 50 ,ug per ml; and - indicates not detectable.

2 Senescent plants.
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l)ossible to test the entire plants. Therefore, se-
lected leaflets, stem areas, rioots and stolens were
tested as representative tissues. The juice from
the selected tissues was tested in the Ouchterloney
method. Upper leaflets were chosen from petioles
near tihe apices of plaints and they contained in-

hibitor I unitil late senescence (i.c. 90 day-s after
planiting). Lower leaflets were samipled randomly
from tihe miiddle or lower portion of the potato
plants. The upper stem was selected near the apex,
and the lower stenm near the soil level. Table VI
shows representative cumulative results of the entire
growth cycle o'f the field-grown potatoes.

The resu,lts §hovw a definiite pafttern of the
presence of inhibitor I in the potato plants. The
seed piece when planted, and the nem growth conl-
tained appreciable quantities of the inhilbiitor. As
the plants developed rhizomes, inhibitor I in the
seed piece di,mtinished rapidly. The initially high
concentration o,f inhibitor I in aerial tissues 'receded
rapidly and nearly dissappeared after 48 days, re-

ma,ining mainily in the aipex and lateral budls. The
(lsappearance coincided with the establishment of
new tubers. Underground stems and rhizomes e-
hihited inhibitor T until late senescence.

In a plant representative of abouit 70 days gro\-th
(when infhibitor I was p,reseilt in appreciable
amounts in undergro-und stems) a transverse section
of stem was dissected and the variouis differentiated
tissues were tested for inhibbitor I. An interesting
pattern was oll)served that paralleled the distribuition
in -tubers. The outer parenchymal tissue and outel-
phloem contained rel,atively high concentrations of
inhibitor I. The inner phloem and pith containefl
a lesser amount. No inhibitor I was detected in the
xy;lem. Its absence in the xylem was confirmed
in a separate experiment in which xylem contents,
from a stem segment thalt contained inhibitor I,

were extruded through ia cut end by exerting a

positive hydrostatic pressure on the other end. No
inhibitor I could be demonstrated in the extruded
xylem juice whereas it couIld st,ilil be demonstrated
in the parenchymal tissue of the stem segment.

During growth of the field-grown pIlants, in-
hibitor I accumulated in the newly formed tubers.
A fter the tubers matured and the plant leaflets
boecame yelllow with senescence, inhibitor I dis-
appeared enitirely from the plant except in the
mature tubers. Thus a cycle of occurrence of
inhibitor I from the tubers to plants to new tubers
had taken place.

Discussion

The data establish t,hat inhibitor I is present in
high concentrationts in potato tuibers and can be

demonstrated in almost all aerial vegetative tissues.
Of interest was the finding that its existence in the
tissties was transitory. In the tubers themselves,
a striking shift of inhibitor I concentration in indi-

vidual tissues during development and matura,tion
sllggestedl that this protein was involved in a
dynamic aspect of the protein metabolism of the
potato plant. Tihe simi,lar but more profotund
changes in concentr,ation of inhibitor I in aerial
vegetative tissues also reinforced the opinion that
the protein is somehow involved in the protein
metabolism of new growth centers. In alil tissules
the concent,ration of inhibitor I was hi,ghest julst
preceding or coincidentail wiith establishment of new
growth, be it in the tubers or in vegetative tissuiies,
or induced bh removing growth centers. The suib-
seqtlent recession of its conc-eniitration in aerial
tissues as new growth centers lecame established
suggests that the new growth centers can infltuence
t-he levels of inhilbitoir I in thes,e tissuies.

Inthibito-r I may be an important factor in the
establi,shment of the new growth. W-hether its
properties are uinique in this respect is not yet
known. Other proteins not yet di,scovered may also
exhibit the behavior observed here. Tihe proteiin
itself is apparently not a normal constitluent of the
other Solanaceae family species tested. However
the lpotato plant shows a lack of inhibitor I (luring,
certain stages of development and therefore the
other members of the Soulanaceac familly could
p)ossilbly possess the gene for produicing the proteiln
but-t ilts expression may be under strict controls iii
the plan,ts. Under different conditionls of testing,
inhibitor I may yet be found in other planit species.

In potato plants containing tuibers, the storage
organs as a whole always showed the highest levels
of any tissues tested. As shiowni in taible II, the
stem end of the cortical region of 1 tuber colnitaiiie(I
over 5 % of the total protein as in;h'ibitor I. Ndi-
vidual small] localized areas have been assayed that
exceed this figure. Yet, with time, the inhibitor
disappears from these areas (table III). 'The coil-
tinued change in concentration of inhlibitor I in the
tissues of potato tubers during maturation anid
storage suggests that the protein may be closely
associated with the initernal changes in the tuiber
componenIts that are necessary for the initiation of
new growth. These changes may also reflect the
presence of substances that cani control the ex-
presseion oif genes in cells of these ti,ssuies. It is
significant that inhibiitor I concentration consis-
tently remains high in the apicail portion of the
ttubers, in the area where new sprouts usually
appear. In the field-grown potatoes (itaible VI)
inh,ibitor I entirely diisappeared from seed pieces
within a few days after the new plants emerged.
The seed pieces at this time were still visibly in
good conditi-on. The new stem and new aerial
gro17Wth conitained appreciable inhibitor I and coln-
tinuled to exhi,bit its presence tuntill new stolons and
tubl)ers were established. The new tubers then
accumulated inhibitor I as the concentration in
aerial tissues diminiished.

The cuimlulative data suggest that illhibitor I
is present or absent in tissues depending tuxpon the
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physioil,ogical state of tihe plant. Tihe levels of
inhibitor I are influenced by both enVironmen't and
age as well as the state of devel'opment. It i,s con-
luded thait the biosynthesis and degradaition of this

prote,in are regulated wilthin the plant and this
reguiilation to a llarge extent, anid in an unknown
wvay, is in,fluenced directly by the mer6stematic
tissue of the plants. T,he fact tha:t the protein is
found associated with meri;stematic tissue and that
its appearance in other tissues coincides with the
b)reaking of apical dominance strongly suggests a
role for the protein in the estaiblishimen't or main-
tainance of meri!stemaitic tissue.

Experiments to further understand the physio-
logical and bio,chemica;l role of thiis protein, and the
nature of the substance or stubstances involved in
the control of its transient existence, are currently
in progress.
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