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ABSTRACT

For studies on effects of ethylene on amylase synthesis

_Hand release, methods were developed and. extended to enable

the incubation of isolated barley aleurone layers under
controlled condi tions. Particular attention was directed
toWards.creating'an atmosohere free of low molecular weight
hydrocarbons, common‘contaminants in most air'sources

Other experimental parameters were also investigated and
optimized. The characteristics of the response to
gibberellic-acid;were alsosestablished.

When isolated barley aledrone,layers, in medium ‘
containing gibberellic acid were exposed to ethylene, there
' was a change in the synthe31s and release of amylase, |
: relative to layers maintained in an ethYlene f titie
envirohment. During the initial 24 h, ethylene accelerated
both the‘appearance of total amylase»activity{_and the
release of this activity from the aleurone layers. Hoﬁevery
the isOélectric,patterns of amylase and proteins released
’from_control and'ethylene-treated aleurone‘layers were»'
identical. On the other hand, ethylene reduced the total.

| amount of. -amylase activity that ‘was found after 48 h- and

- 72 h, The nature of the PQ&SQ to ethylene was dependent

.on the concentration of gibberellic acid in the medium

' Other processes that occur simultaneously with the }

synthesis and release of amylase were also examined . These

included the syntheses cf other hydyrolytic enzymes - | |
xylanase, glucanase 'and haemoglobinase The development of f; 8

.iv‘i'



xylanase activity was enhanced by ethylene, whereas the rate
of 'glucanase synthesis was unaffected. The role of
lhaemoglobinase activity in the response to ethylene was,

~ examined directly, and also through the addition of either
potassium promate or N-ethylmaleimlde, inhibitors of /

: sulph&dril enzymes. The sulphydry! group inhihitors
prevented the reduction in amylase activity (relative to
control samples) otherwise observed in samples that had been
exposed,to ethylene for longer periods of time (48 h and

72 h).. The direct assay of haemoglobinase activity revealed
}, no sionificant change in proteolytic'activity in response to
.ethylene.‘ o | '

In addition to the biosynthesis of hydrolytic enzymes,
the redistribution of ionic species in response to ethylene
was explored. ‘Ethylene had no effect on the overall shift
in the pH of the medium surrounding the aleurone layers.
IWhen the release of individual/ionic species was examined,
.the release of calcium was much more’ sensitive to ethylene
than the release of any of the other ions considered | ‘ |
(potassium, ‘magnesium and phosphate) Ethylene induced a’ %:‘“
101% increase in the release of calcium from gibberellic -
Vacid treated aleurone layers

The possible relevance of these events to the action of
”ethylene on the gibberellic acid enhanced synthesis and _ﬁ
release of amylase by isolated barley aleurone layers is

¢,

'.'discussed",’n ' ‘ ," S . R
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ENZ YME NMENCLATURE
~ In order to simplify discuss1on, 1,4-alpha-D-glucan
glucanohydrolase (E.C. 3.2.1.1) and 1,4-alpha-D- glucan
maltohydrolase {E.C. 3.2.1. 2) will be referred to by their
recommended trivial names, alpha amylase and beta- amylase
respectively (Internat1onal Union of Biochemists, 1973). In
addition, glucanase will denote 1,4-(1,3:1,4)-beta-D- glucan
3(4)-glucanohydrolase. (E.C. 3.2.1.6). Xylanase and
endoxy]énese‘refer to 1,4-beta-D-xylan xylanohydrolase (E.C.
3.2. 1. 8) while exo- xylanase specifies 1, 4 beta- D—xylan-
xylohydrolase (E.C. 3.2.1.37). The term protease wilﬁ be
~-used to des1gnate the uncharacterized peptide hydrolases
(E.C. 3.4) found in barley. Haemoglob1nase is used: to
- distinguish the proteases of low pH optima from the
:;proteases with optima at neutral or basic pH (Bhatty. 1968) .

xvii



: studies, the techniques have been inadequa

1. xurnooucrxou

_The effects of ethylene on many: pla t tissues have been _;

studied. As a consequence of the gaseous nature of

~ethylene,?special procedures were required\to contain the

gas during the course of the experimentatizn In most»
e or introduce ‘

other variables into the experimental design It is

difficult to define these variables and to . assess their o

-,”:/..)

influences on parameters measured in the experiment e

The first goal of this study was to develop apparatuses

1and techniques that would allom careful investigation of E

ethylene effects " This, system u" then used to study
isolated aleurone layers from Hordéum vulgaﬂe cv Himalaya.

The aleurone layers of cereals offer a unidue opportunity to -fj
- study plant growth regulators They*provide tissue: with |

. uniform cell type “and a very limited amdunt oﬁ,“””""

'fplant growth substances : The enhancement by gibberellic~.,wf}?

o acid of the synthesis and release of amylase?{“ff;ﬁx~_bif"'

'yqueffects of ethylene on this:sy‘,
"ffthese observations to otheJ
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within the aleurone layers of barley duﬁinrthis stage of
development




I1. LITERATURE REVIEW

A. Effects of ethylene on seedling growth

Ethylene is the smallest of the plant g\owth reg ators
to be recognized. However, the chemical simplict L
ethylene, the fact that it is gaseous at ndrmal _
environmental conditwons and its wide dlstr1bution in the
env1ronment caused apprehension in its acceptance as a plant
growth regulator. These same features have caused ethylene
to attract considerable attention in the literature.
Despite continued efforts, still very little is known of
ethylene’s role in the normal development of plants

The effects of ethylene on. development have been -
part1cularly wel] documented in dvcotyledonous plants
(Abeles, 1873), part1ally as a result of the more dramatic
responses- of dicotyledonous plants as compared to the
responses of monocotyledonous plants (Abeles,\1973;/SmltH_&
\Robertson, 1971). Nevertheless, ethylene at_low |
concentrations'has been Shown to influence growth and
»_development of several monocotyledonous species. The
extension of monocotyledonous seedlings is modified by
| thylene . This was exemplified by the 1nh1bitlon of corn
top growth by between 10 and 100 n1/m ethylene (Heck &
Pires, 1962); and the severe inhibition of root end‘shoot
extension of wheat ln.response to 0.2%'ethylene (Roberts, _
1951). In contrast, as little as 0.5 nl/mlvethylene has
~ promoted the extension of rice seedlings‘germinated.in

-



darkness (Ku et al., 1970)." The response was not saturatedy
until 100 n1/ml1 to ZOO/nl/ml of ethylene>was applied. Rice
seedlings grown in light were also sensitive to ethylene
giving a similar elongation response te both endogenous
ethylene and exogenously applied ethylene (Suge, Katsuha &
Inada,. 1971). Barley~eeedlings have also been shown to be
influenced by exogenous ethylene. In 1929, Nord & Weichherz
observed that ethylene enhanced the rate of shoot growth.
This has sfnce been reconfirmed (Cornforth & Stevens,01973).
However, unlike rice, where both shoot and root extension
were increased (Abeles. 1973), root development of bar 14y
was severely l1m1ted in the presence of exogenous ethylene
Smith & Robertson (1971) noted that below 1 _nl1/mi ethylene,
the.extension of rice roots was stimulated but higher
concentrat1ons of ethylene 1nhib1ted the elongation of
roots.- Root extens10n of barley, the most sensitive of the
three cereals testeq, was inhibited by the‘lowest ethylene
concentration considered, @1 n1/m1l. Saturation of this
respense to ethylenelwas not evident up to 100 ni/ml, a
level that resulted in root extension of treated tissue
being 80% less than that of the control plants. In addition -
to the'1nh1bition of root extension, ethylene also induced
~distinct changes in root form (Cornforth & Stevens, 1973),
'.\he ethylene treated roots were thick and tightly coiled. A
”mat\\£>root hairs was also evident on ethylene treated

roots. ,These>morphological changes in root form were

similar to those found in wheat seedlings exposed to
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ethylene (Roberts, 1951),
" The s;gnificanCe”B?lthéSe'obserVatlSns becomes more
.evident when the levels of ethylene encountered in the
environment are considered. It has been demonstrateé that
several plant species, includinb the monocotyledonous plants
oats {(Meheriuk -& Spencer, 1964) and rice (Ku et al., 1976)
produced significant’ amounts of ethylene during germination
(Ware1ng & Saunders, 1971) 'In addition to endogenous
ethylene, many. plants are exposed to exogenous ethylene~from°
the envirOnment Smith & Restall (1971) demonstrated that py
soils produce varyrng amounts of ethylene and other low o
C"molecularr,w_eight hydrocarbons. includlng methane propane}_.
propylene and ethane. Methane and ethylene were produoed in
greater quantities than the otﬁ%r hydrocarbons. The rate of
ethylene evolution was highly dependent on environmental
cond1tJons. Water content. soil type, temperature and the
degree of aeration influenced hydrocarbon production {Smith
& Restall, 1971).: The levels of ethylene measured in
water-saturated, anaerobjc_soils have'exceeded 20 n1/m1
(Smith & Russel' 1969) . 2Although7these~htgh-éoncentrations
of ethylene were atta1ned only in artif1c1al env1ronments
created with1n the laboratory. f1eld stud1es 1ndicated that - f}l;
significant levels of ethylene occurred in natural =
condit1ons part1cularly with water logged soils (Smith &
Russell, 1969). The levels of ethylene en00untered in their
field studies. up -to 8 nl/ml, would be sufficient to alters'_.;
the devel,opment of many plant seedlings, including those of i

~



the cereals.
B. Choice of experimentai system

There are a number of factors that should be considered
in the selection of tissue for studies on the effect of
ethylene on seedling development of monocotyledonous\piants. B
Tissues used in thehpast include coleoptiles (in rice, Suge, .
et‘al..‘1971; in‘corn Heck4&”Pires. 1962' in wheat,
'Roberts, 1951; in barley, Cornforth & Stevens, 1973) intact
‘root systems (in_rice. Abeles, 1973, Smith & Robertson,
1871; in corn, Heck & Pires, 1962; in whedt, Smith &
Robertson. 1971, Roberts, 195i' in barley, Cornforth'd
- Stevens, 1973 Smi th & Robertson. 1871), and isolated
embryos or endosperms (Roberts; 1951). However, in studying
the effects of any plant growth regulator, regardless of its
_origin. special_precautions must be observed. The responsei
of most'plant,ti55ues to an exogenous plant growth regulator
“will be modified by a number of endogenous plant growth

- regulators. Therefore.'a plant tissue that is devoid of

. ehdogehous giant growth’ ‘substances, “and- that has had &

limited exposure to these substances in the past, should be
B sought in order to provide adequate controls and enablec

| unambiguous interpretation of the observed effects As
pointed out by Cline (1976) the aleurone layer of cereals
*'nis one of the few plant: tissues that approaches these |
'criteria However. even in this tissue./small amounts of =

jfgibbereiiic acid-like substances have been found (Chrispeels ”



\‘.&“Varner, 1967), the concentration being dependent on the

‘age of -the- seed ~(Jones&-Varner;-1967;-C1ine,~ 1976} ~This--

. variability in endogenous gibberellic acid- like activity may
account for’ the change in sensitivity to exogenous
.gibberellic acid as seed samples age (MacLeod. 1964) .

The use of the aleurone layer for studying.hormonal
effects offers other advantages Unlike post other plant
tissues, which consist of a composite\oflcell types, the'

" aleurone layer is of a. homogenous cell type so a more
uniform response would be anticipated -The aleurone layer
of cereals is only a very few cells in depth reducing the.
time: interval required for all of the cells to be exposed to -

an exogenously" ' plant growth regulator Again, this

~ :feature'should result ip a mope concerted response to test
substances — - A
’ , The response of the cereal aleurone layer to exogenous
| plant growth regulators has also been investigated using

| embryoviess grain. Khan et al (i973) have shown that

| embryo-less grains of wheat (Trltlcum aestivum cv Yorkstar)
‘could be used in these studies The use L these atypical
grains would reduce any response of the layers to damage by

tphysically utting away ‘the embryo and scutellum Several
years prior to the prpposal of Khan et al 41973), Briggs
(1968b) had, shown that even relatively ninor damage to the

'aleurone layer of barley would seriously reduce amylase [;I
synthesis chever, the use of embryo-less grain would also

»'create difficulties The plant growth~regulamors mustTnow o




diffuse through the starchy endosperm The effect of
wrestriotea“oifoSion on the development of the gibberellic
acid-response was demonstrated by Briggs (1964). When
intact barley was incubated in gibberellic acid soiutions.
enzyme release from the%aleurone layer was initiated at the n
_proximal end, and then gradually extended toward the distal
iend of the grain This suggested that gibberellic acid was
-’penetrating the grain near the embryonic region, then -
diffusing through the endosperm. When s11ces of the grain
were 1ncubated in a gibbereliic acid solutionﬂ the induction
- of enzyme secretion in each of the slices’ occurred
simultaneously, indicating that the progressive development
_of enzyme secreting activity along the aleurone layer of. the
intact seed was not a consequence of the state of the
;aleurone cells, but related to the accessibility of the }j
\receptor cells to the plant growth“regulator -
The use of intact embryo~less grains would be further '
complicated by the presence of large quantities of both ’
aiphag and beta amylase _Alpha- amylase is produced in’ the
‘faleurone layer whereas beta~amyiase originates in the -
,endosperm (Bilderback 1974). It would be possible to ‘
"c1rcumvent the interferenoe caused by the presence of both
, enzymes in the sample by using specialized assay procedures
;that differentiate betueenlthe tuo forms of amylase- These 7.‘
,methods inolude the use of beta limit dextrin as substrate
fin theﬁi?“"iﬁ;e of excess sdded beta amylese to obscure any
| "  beta-dn ,;:;f-'thilderbgk 1973 Briggs, 1961
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Sandstedt Kneen " & Blish 1939) the use of heat-treatment
to selectively inactivate the beta- amylase (Paleg, 1960b) or
.the use of low pH to inactivate alpha- amylase (Paleg,

| 196007 |
The nature of the amylases found in 1solated aleurone
\layers has also been questioned. Frydenberg & Nielsen
(1965lldsed agar gel electrophoresis to separate the..
u amylasesffeund in the Kernels of Qermihating barley. The
classical differences betwen alpha- and beta-amylase were
used to differentiate the,types qffamylases"comprising each
band of activity in the gels. The methods used by
'Frydenberg & Nielsen includedAheatihg thelgels to 70 C
(which inactivated beta-amylase), the addition of Cu*2 or
'Hgtz-to'inhibit beta-amylase, or the addition of
hexametaphosphate to complex Ca*?2, thus ibaetivating
_ alpha amylase. - By these techn1ques. flye}bands with .
alpha-ahylase‘act1v1ty and twovbands Wlth beta-amylase
activity were identified, as well as two bands of activity
displaying hybrid characterlstics. .The latter were
resistant to heat, but they were'inhibited By Hg*?2 and Cu*?,
~and showed no dependence on the ava1lab1l1ty of ca*2. (A
number of reports have appeared, summar1zed 1n Greenwood & °
M1kne“(l968), dempnstrat1ng‘that_alpha-amylases from several~
sdurces are sensitive'te Hgl'*z"a'nd'(zu’2 ) A-yery similar
approach was used to determwne the types of amylase fhat
orngnated 1n 1solated aleurone layers incubated in
sqlutions of gibberellic acid (Jacobsen, Scandal1os,&ll

.
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Varner, 197@¢). This latter ihvestigation revealed etght
bands of enzyme activity towards potato starch. Four of the
zones were very minor and exhibited the characterietics of
beta-amylaSe‘in that'they were heat labile. sensitive to
Hg*? and 1nsens1t1ve to 5 mM ethylenedlam1netetraacet1c acid
(EDTA). The authors suggested that these m1nor bands may

" have originated from small fragments of the endo§perm '
adhering to the aleurone layers. The e]ectrophoretic
pattern-of the four beta-amylase bands was dup]icatea“by the
amylases extracted. from isolated endosperm tissue that had

- been treated with papain, a prgcedure that act1vates the
beta amylase zymogens (Rowsell & Goad, 1962).4~ Of the four
remaining bands of amylase.from aleurone-1ayers,'the two

~ most intense bands, containing ' 75%.to 80% of the totél
amylase activity, had properties typical of a*pha-am lase;
’ the rema1n1ng two bands demonstrated the hydr}d
characteristics shown by the preparat1ons of Frydenberg &
Ne1lsen Paper chromatography of the react1on products of
the four ma jor. bands indicated that they all had the action
pattern typ1ca1 of alpha amylase (dacobsen et al ,1970) .
B1lderback (1874) on the otherhand found -seven bands of
activity after polyacry]am1de gel electrophores1s of the
extract from isolated aleurone layers. A1 bands were of
alpha-amylase shown by v1rtue of the fact that they were
able to hydrolyse beta limit dextrtns Two o% the bands,
however. were 1nsens1t1ve to 50 mM EDTA When isolated _
endosperms were imbibed, the resulting amylase'preparatioh‘

—
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was-able to hydrolyze soluble starch, but no activity was
present. that coulﬁfd1gest the beta-1limit dextrin. |
Clutterbuck & Briggs (1973) have demonstrated that some of

" the enzyme activity from {solated aleurone layers measured -

ion of soluble starch may have resulted from

the presence Of alpha glucosidase. Thus. the exact natures
of the "amylases"” in barley aleurone layers remain obscure,
although alpha-amylases are much more prevalent than any
other form of starch hydrolyzing enzyme.

As indicated by the studies cited above, much of the
| work on isolated aleurone layers has emphasiZed the |
producticn of amylase. The eelect1on of amylase as a marker
of processes within the layer arose from several
cons1derat1ons that are presented below.

Amylase was one of .the first recogn1zed enzymes when
it was ohserved than an ethanol precipitate of barley malt
yielded a thermolabile component able to liberate
, ol1gosacchar1des from 1nsoluble starch granules (Payem &
Persoz, 1333 sited.in D1xon & Webb, 1979). Since the middle
of the nineteenth century, the brewing industry has been'
intensely studying the role that amylase fulfIIls dur1ng the
malt1ng process. The consequence of this 1nterest and
support has been the knowledge of well defined cond1t1ons
that yield optimal activ1ty of the barley amylase, and also
the development of a number of reagents and condltions that
can be used to man1pulate the response of aleurone layers to

o

g1bberell1c acid.
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The production of amylase by the aleurone layer is not
required for germination, as defined by root protrusion |
(Chen & Chang, 1972), but it isAbeneficlal for the continued
development of the seedling. Amylase is only one of a
number of hydrolytic enzymes synthesized and/or secreted at
this stage of development (summaries are found in Trewavas,
1976; Yomo & Varner, 1971), but it constitutes the slngle
. largest proportion of the enzymes produced. It has been
observed that each isolated aleurone layer can produce up to
0.06 mg of alpha-amylase within 24 h of exposure to
gibberellic acid'(Chrispeels & Varner. 1967). This dramatic
rate of amylase production coupled with low background |
levels of amylase in the absence of gibberellic acid
(Chrispeels & Varner, 1967; Paleg, 1960b) facilitates the
measurement of amylase-production'in'response to a variety

Q

.of factors. .

C. Effects of growth regulators' on amylase synthesis by
cereal aleurone tissue ‘

| Despite the uncertain character of the amylases
produced by aleurone cells. the synthe51s and secret1on of
amylase by 1solated barley aleurone layers in response to -
var1ous plant growth regulators have been studied "
. extensively The 1nduétion by glbberelllns of hydrolyt1c
enzyme synthes1s and secret1on is now one of the best
‘ understood~responses of a plant tissue to a growth
»regulator, and offers the closest look at the primary mode
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of action of any plant growth regulator. In spite of the -
advances, some fundamental questions remain OnanSWered,!"A
These are evident from several recent review articles
(Chr1speels, 1976; Moore, 1979; Trewavas, 1976; Varner & Ho, :
1877). Many featuresbof the respdnse dfialeurone‘tissue to
g1bbere1]ic acid were typ1cal of control exerted at the
transcr1pt10nal level. The increase in amylase act1v1ty was
sensitive to 1nh1b1tors of ribonucleic acid (RNA) | “
biosynthesis, but not to inhibitors Spec1f1c for the
synthes1s of transfer-RNA or ribosomal-RNA (summarlzed in
Trewavas,'1976). 'On ‘the other hand, Johnson & Kende (187%1) °
proposed the existence of a preformed messenger-RNA specific'
for amylase and  that g1bberelllc ac1d induced the format1on
of the prote1n synthes1z1ng and secretory apparatus w1th1n'
the cell, thus permlttxng the eXpress1on of the [atent
amylase messenger -RNA. This view was supported’Ey the
proliferation of rough endoplasmjc reticulum:and enaymesiof
1ipid biosynthesis during‘the 1ag phase, a period:ofAB h to
_12 h after the appl1cation of gibberellic ac1d but before
the appearance of amylase (Johnson & Kende. 1971) However;
| more recent ev1dence has placed the ex1stence of preformed
amylase messenger—RNA 1n doubt. An in vitro translat1onaT
'system isolated from wheat germ did.not*produce amylase in-
»reSponse'to RNA'isolated from aleurone Iayers‘inoubated'inv-
the absence of gibberelllc ac1d (H1ggmsl Zwar & dacobsen.
1976 Muthukr1shnan Chandra & Maxwell, 1979). The |

format1on of Funct1onal amylase messenger'RNA after
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gibberellic acid treatment did not appear to be the result
of activation of a precursor strand of RNA by
;‘deproteinization (Higgins et al., 1976). methylation or
| ‘guany‘l.yla"tlon of RNA (Muthukrishnan et al., 1978). De novo
synthesis is the app8rent origin of functional
.messenger-RNA. Nevertheless{ Muthukr ishnan et al. (1979) |
did find that the responsg:of aleurone layers to gibberellic
acid was sensitive to inhjﬁgtors of protein synthesis, prior -
to the.accdmulatlon of amylase messenger-RNA. Results that
contradict this possible mode of action were observed by
Jelsema et al. (1977). 1Through their efforts to localize
the gibberellic acid receptor‘ih wheat, they found that
3H- g1bberell1n At was preferent1ally bound to the mlcrosomal
fraction rich in aleurone graids. The relevance of this
‘bihding-was strengthened by the observation that abscisic
acid, an 1nh1b1tor of gibberellic acid activity,
'successfully abollshed the b1nd1ng capab1l1ty of the |
aleurone gra1ns with respect to labelled gibberell1n At
Therefore it 1s st1ll uncerta1n if the pr1mary action of
g1bberell1c ac1d 1s directly 1nvolved in the enhanced
,?Ynthes1s of amylase, as through gene derepression or '
whether the response to g1bberelllc ac1d is medrated through
:1ts effects on the secretory apparatus of the ‘aleurone
.'cells or both:
, The»role of ethylene in this well defined system has
‘t also been studxed ‘but ‘as a result of often inadequatp
':_methodology and confl1ct1ng results. its function and mode

-
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of action remain obscure. ‘When.intact barley seedlings were
exposed to ethylene, an increase in the solubilization"of

sugars and protein was observed (Nord & Weichherz 1929).

- Using barley aleurone layers still attachied to the ~ =~ =

endosperm, Scott & Leopold (1967) found that 10 nl/ml of

ethylene caused a 35% decline in the liperation of reducing

sugars from the half—seeds:treated wi berellic acid. A

decrease in'the,release bf”heducing sugars” had previously N
been shown to reflect a decrease in levels_of‘amylasef“ |
aCtivity.(Paleg;‘1960b).' To re-evaluateithe response of
amylase synthesis and secretion to ethylene}-donés (1968)
used 1solated aleurone layers and measured amylase act1v1ty

directly After 18 h of exposure to gibberellic acid plus

rethylene the amylase activity secreted by these layers

exceeded the activity secreted by layers exposed to

gibberellic acid. alone The extent of this enhancement'

‘"ranged from 6% at 0. 04 nl/ml of ethylene, to 38% at .

4 0 nl/ml ethylene By determining the’ amylase actiVity
retained in the. layers as well as the activity secreted into-.
the medium. Jones (1968) found that ethylene had no effect

on the total amount of amylase actiVity induced by o

”gibberellic ac1d but ethylene dld increase the proportion"

of amylase that was released into the - medium dacobsen

}»(1972) also found that ethylene modified the synthesis and
f.secretion of amylase in response to gibberellic acid LQWA'
']_concentrations of ethylene increased amylase activity in the”‘

.',-medium, but unlike the results obtained by dones (1968)

|
o -
—

/"
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this was not accompanied by a corresponding reduction of
amYlase activity within the layers. Thus, ethylene induced
an increase in the total amount of amylase produced by the
isolated aleurone layers. An investigation of this system
‘byﬂHo, Abroms & Varner (personal communication) produced
"results similar to those}obtained by_dones (1968). Exposure
to 40 n1/ml ethylene during the 24 h incubation period had
nc effect on the. total amylhse activity produced, but
.yielded an 80¥ increase in the.amylase activity in'thel
medium. | , | | |
| \Abscisic acid, also, was physiologically active‘in
" barley. aleurone layers, causing inhibition of the
gibberelljc acid-induced synthesis of amylase‘(Chrispeels &
Varner, 1966; Ho and Varner, 1976). ‘In addition,'dacobsen
(1973l found that exposing'isolatedzaleurone layers to
| ethyﬂene during the incubation with g1bberell1c acid would
" reduce the inh1b1t1on of amylase synthesxs caused by the -
| add1t10n of absc1s1c acid to the medium. The magnitude of
the increase in Q;bberell1c acid- 1nduced amylase synthesis
‘promoted by ethylene was much greater in the presence of
absc1sic ac1d than in the absence of absc1s1c ac1d The
Ticoncentration of absc1s1c ac1d in the,medium affected both
4‘ the extent to which the inh1b1tton of amylase synthesis
: fcould be relieved by ethylene, and the ‘concentration of
.“ethylene required to reduce the effect’of abscisic acid to a

;3;minimum Ho, Abroms & Varner (personal ccmmunicatlon) also

o found that abscisic acid inhlblted the response of aleurone
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A

layers to gibberellic acid, but contrary to the results of
Jacobsen (1973), ethylene was found to be ineffectual in
revers1ng the inhibitory effects of abscisic acid.

dacobsen (1972) conJectured that the anomalous resultsi
obtained by different research groups, and the variability
in the responses of different seed iots of Himalaya barley
may have been the consequence of residual levels of abscisic
acid in tﬁe seed. Variability in response to plant growth-
regulaﬁors has been observed by other reseachers. dones»&
~Varner (1967) stated that significant levels of endogenous -
gibbereliins, also, could be fodnd in isolated aleurone
‘]ayers._and that these levels were governed by the age of
the seed. This altered the response of the barley
half-seeds to exogenous gibberellic acid. Smifh & Robertson
l(1971) obserVed}that storing seeds under adverSe‘conditions
_Jnduced apprec1able resistance to the 1nh1bitory effects of

ethylene on root growth 1n barley seedlings.

D.' Factors that modify gibberellic acid-enhanced amylase .
-synthesis in 1solated bar1ey aleurone layers

In selectwng 1solated barley aleurone layers as an
: exper1menta1 tissue in wh1ch to 1nvest1gate hormonal control
.of enzyme synthes1s and secretion, certain precautions must
be’exercisedeindesignihg‘the experiment and in the 1‘
interpretation of the heéﬁifs. It hds been demonstrated
that_many,factorszother‘then the naturally occurrihg plant

_growth regulators are able to modify the gibberellic
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acid-gfhanced synthesis of amylase. The nature of the
buffering systems employed throughout various phases of the
incubation procedure influenced the response of aleurone
layers to eXpériméntal'cohditions (Firn & Kende, 1974).
Furthermore, under ﬁertain temperature conditions, the rate
of amylase production was‘highly dependent on the“pH of the
medium (Carr & Goodwin, 1972), with the maximum being
centered between a pH of 5.00 and 5.05. Buffer
concentration also had a direct effect on thé amylase
activity recovered from the samplés. The buffering‘capécity
of the medium had tp be sufficient to prevent the pH of the
incubation medium from dropping to levels where . '
alpha-amylase would have been unstable (Clutterbuck &
Briggs, 1973). Also, it was necessary to surfaceﬂsterilize
'the tissue and thénxto.manipulate the isolated layers under
antiseptic conditions to prevent microbial contaminétion!
Such an infection generaliy resulted in suppressed amylase
bactivity (qones.& Varner: 1967). However, two by-products
of infection by Hélminthospor‘iuin sat fvum, he Iminthosporo
'aﬁd heimihthospéric acid, have been.shown.to induce amylase
biosynthesis in barley aleurone layers (Okuda, Kato &
Tamura, 1967).' fhé concenfréiion.offthese\compounas

: required.fbr optimaf amylase production was 100 times
greatervthan the~molarvconceﬁtratioh of gibberellic acid
required to elicit a maximal response, and at optimal
‘concentrétions of growth reguiatbrs, the amount of amylase

activity pfodubedfin response to helminthosporol and
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helminthosporic acid represented only 21% and 25%,
respectively, of the amy“ase activity achleved with
glbberellic acid (Okuda et al., *1967). Ant1blot1cs, L
--however, cannot be-used indiscriminately to control %%%
microbial growth. Clutterbuck & Briggs- (1973) found thag a.
number of commonly used antibiotics drastically reduced
amylase product1on by isolated barley aleurone layers. The
antibiotics tested included benzyl penicillin, streptomycln;
amphotericin B and mystatin; of these only beniyl
penicill1n was without effect on amylase production. In the
release of amylase by rice endosperm, penicillin was found
to mimic gibberellic acid, and also enhanced the response to"
gibberellic acid When both substances were applied
,simultaneously’(Biswas & Mukher je, 1975). Jones & Varner
(1967)- found that 0.02 mg/mi chloramphenicol had~n0'effect.J
on amylase synthesis, but 10 mg/ml has been shown to be
extremely inhlbwtory (Varner, 1964). In addition, anaerobic'
cond1twons caused more than a 91% inhibit1on of amylase
synthes1s in barley half S$eeds (Varner. 1964 Yomo & Iinuma.ﬁ’
1964), demonstrating the need for adequate aeration of the L
sample The concentrat1on of 1norgan1c salts was also
critical. Chrispeels & Varner (1967) found that 20 mM
calc1um chlor1de was requwred for optimal recovery of
'amylase act1v1ty after 24 h. A1l of these variables were "
able to modvfy hormone -induced responses and must be |
closely regulated to- obtain meaningful ‘and reproduclble e

results
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~ After aleurone tissue is exposed to gibberellic acid,
there is a lag period before the appearance of
aipha-amyiasef> During this delay in amylase synthesis many
structural and metabolic changesroccur iPollard. 1969; R
reviews by Trewavas, 1976; Varner & Ho;_1976;"Yomo & Varner,
1971). The possibility remained that the effect.on the |
induction of alpha-amylase secretion by any oerturbance may
,have'been a secondary response. . That is, a change in the
‘characteristics of .the synthesis and secretion of
alpha-amylase may have been a reflection of changes that
occurred in other processes This salient feature of the
gibberellic ac1d enhanced synthesis of amylase makes
explicit interpretation of:results difficult.
j}E. Role of hydroiytic enzymes in the synthesis end release
of amylase from aleurone t issue ~ : .

A number of enzyme systems may be directly involved\in
the secretion and synthesis of amylase by barley aleurone
cells. Research directed towardsoobtaining an understanding
(of the secretory nrocess of bariey aleurone“Hayerihas, |
suggested that the diffusion of secreted zymes through the
- cell walls may be a rate limiting step in the release of |
amy lase from the tissue (Varner & Mense, i972) Therefore, ‘
- cell wali degrading enzymes may fuifill an important |

fffunction in permitting the release of enzymes from the
ialeurone layer The activities.of several cell _ : o
;,wall-degrading enzymes have been detected in the malt of a B

JUE A
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» A .
number of cereals (Preece & MacDougall 1958) In barley,

these were accompanied by the release of a wide range of

ApPreece et al., 1958).

soluble canbohydrates from the malt

”Duran'the‘lnéﬁbatibﬁ“of”isolaféd“aléuFoﬁéwTdyers“ihTW“““““"”

buffered solutions’ of gibberellic acid, soluble

beta-1,3- glucans were released within the first 4 to 5 h,

whereas amy lase did not appear until 8 h of incubation ,
(Pollard, 1969) Direct measurement of glucanase indicated

that the activity of this enzyme did appear several hours |

prior to amylase (MaclLeod, Duffus & dohnston. 1964). In the |

course of germination, the thick cell walls ot the aleurone

/‘,layer became progressively depleted with respect to _
carbohydrates (Taiz & Jones, 1970). around the cells adjacent

“to the endosperm. This apparent loss of carbohydrate was .
paralleled by the declining ability of the cell walls to E'
bind aniline blue, a fluorescence stain that reacts with

| beta-1, 3- linkages. These results implied that the 7f ”~‘_l"f
hydrolytic action of glucanase on cell wall material n

‘ tentatively identified as a polymer of a beta-l 3-glucan,frff“

was: essential for enzyme release from the layers : This |
'hypothesis was supported by observations made after |
"histochemical staining of acid phosphatase activity to L

ivdetermine the distribution of this enzyme—wzthin the barley

~ aleurone layer (Ashford & dacobsen.'1974) In the absence

~of gibberellic acid, acid phosphatase activity accuwlated

within the cells. but- also ina heavily stained narrow band 'htr

between the plasmalem'na and. the cell wall Very mne
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alteration in this distrtbution occurred with prolonged
incubation. If the layers were incubated in the presence of
'gibberellic ac1d the stainlng pattern became completely
wudifferent The narrow band of enzyme activlty was much more
 diffuse and widely distributed throughout portions of the
. cell wall. By staining ad jacent sections for either acid
phosphatase activ1ty or cell“Wall carbohydrate Ashford & -
~ Jacobsen (1974) were able to relate phosphatase migrat1on to
cell wall degradation. Large segments of cell wall became
void of carbohydrate apparently forming channels that :
permitted the acid phosphatase to readily diffuse away from
aleurone cells, into the endosperm or: into the surrounding
/ medlum The extens1ve d1ssolution of barley aleurone cell
walls has also been observed. by scanning electron microscopy
i.(Pomeranz, 1972) The enzymes that participated in the
.‘depletion of cell wall material could not have been |
“identified'until the exact nature of the cell walls was ‘A
'firmlyiestablished Using wheat aleurone tissue. Fulcher.
lO’Brxen & Lee (1972) found that the anlline blue staining
_,.iprocedu?e was not specific for beta~1 3- llnkages. and
d:lfconcluded that the aleurone cell walls were dominated by
*fffx 4~ linkages A much- more rigorous analysis of barley
,7"'aleurone layer cell wall substantiated this conclusion
_ (Mceil et al. . 1875). Arabinoxylans constituted 85% of the
aleurone cell wall with beta-1 4~xy1osyl anages forming
L the structural foundation of this polymer. “In 1ight ‘of this
"-**dimvery. .,*‘"’ attenpts were. made to wentil'y cell wull '

LRI
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degrading enzymes. Taiz & Honigman (1976) found that exo-
andlendo-xylanase activity increased dramatically in barley
aleUrong layers in%response to applied gibberellic acid.
Although the release of endo-xylanase just preceded the
release of amylase, suggestlng the involvement of
endo-xylanase act1v1ty 1n enzyme release, extensive cell
wall degradat1on had occurred several hours prior to the
appearance of endo- xylanase activity (Ta12 & Honigman,

/
1976). This. accumulated ev1dence 1mpl1ed that endo- xylanase

was central in fac1l1tating enzyme release from layers.

' However, the irregularlty in the t1me course has yet to be

s

resolved satlsfactor1ly

 The effect of ethylene on the releasehof amylase from
aleurone tissue may have also been dependent on the activity
of cell-wall degrading enZymes ‘Examination of the role .of

ethylene in amylase product1on was conducted by ‘Ho, Abroms &

| Varner (1877) to determ1ne if ethylene affected the

secretion of the amylase prote1n from the cell, or the

d1ffus1on of amylase through the th1ck cell walls of bar ley

: aleurone cells.' The latter process would be sens1t1ve to

the athyity-of cell wall degrad1ng~eﬁzymes. Amylase 1s,

very senS1t1ve to low pH,‘and 1t has been found that
aleurone t1ssue can be- exposed to 1 mM hydrochlor1c acwd
w1thout d1srupting the 1ntegrity of the cells (Varner &
Mense, 1972). Thls treatment inactivated extracellular

amylase (Varner G.Mense, 1972), but membrane bound amylase 3

‘was protected (Locy & Kende, 1978). Using this methodology,

¢
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'Ho, Abroms & Varner (personal communication) determined that
ethylene reduced the amount of amylase actlvity associated
with the cell wall to less than 12% of the quantity of bound
‘amylase in the absence of ethylene. Therefore, ethylene
facilitated“the passage of amylase out of_the'aleurone
tissue, but not out of the individual cells. -They
speculated that‘this}respense could be mediated thbough the
action of eghylene en the synthesis of cell wall degrading .
enzymes by/%he aleurone cells. HoweQer, contrary to this
hypothesis% ethylene did not stimulate the release of acid
phospha{ase frem aleqaone layers -

‘ The proteolytic enzymes of aleurope‘tissue may.also
jnfluence the amylase activity found after exposure to
gibberellic acid. The de novo synthesis of protease
"paralleled the synthesis of amylase with respect to both
time of releate (Macleod et al., 1964 Jacobsen & Varner,
1967) ahd dependence on the concentration of available
gibberellic ac1d (dacobsen & Varner, 1967). However, it was

not unt1l several years later that the 1hterdependence of

these two enzyme}%ystems was realized. Bromate is an
,effectlve 1nh1bltor of barley protease (Bhatty, 1968; Enar1,
.’Puputti & M1kola, 1964) and has been used extensively to~
reduce ‘the solub1l1zat1on of protein during the malting .
_process (Macey & Stowell, 1961). The ability of bromate to
-1nh1bit the sclub1l1zation of protein and release of amino

,'acids from isolated barley aleurone layers has also been

demonstcated (Melcher & Varner. 1971) . The presence of 5 mM
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potassium bhomate‘in the iicubation medium reduced tota[
amylaseiproduction inrthe first 24 h period by 75% (Ho &
Varner, 1978; Melcher & Varner, 1971). ~To demonstrate that
the suppression of amylase synthesis was a result of the
reduced availability of amino acids for protein synthesis, a
consequence of 1nh1b1ted protease act1v1ty, free amino ac1ds
were added to the medium in addition to the bromate.
Supplementing the medium with 10 mg/ml casein hydrolyzate
reduced the inhibition by bromate to 43% (Melcher & Varner,
1871), ‘'while the additidn of 10 mg/ml casein hydrolyzate
plus 0.5 mg/ml tryptophan to‘the bromate medium produced a
tota]:restoration of amylase synthesis to control levels (Ho
& Varner, 1978). |

" In addition to the imoortance of the proteolytic -
enzymes to amylase synthesis during the early stages of
germ1nat1on, these enzymes may have an- equally~s1gn1f1cant E
role in the degradat1on of amylase at later stages of
development. - Many papers have shown that amylase act1v1ty
1ncreased to a maximum, then plateaued or decl1ned w1th
extended 1ncubat1on per1ods. This effect has been observed
with'intactVseedlings (Briggs, 1968a), half- seeds exposed to
gibbehellic acid (Briggs,*1968a; Varner & Chandra, 1964; °
Varner, Chandra & Chrispeels, 1965) and tsoiated'aleurone.'
layers, also exposed to gibbere111c ac1d (Clutterbuck & T
Briggs. 1973 dacdbsen & Varner, 1967; Taiz & Honwgman. :
~1976) ' Briggs (1968a) demonstrated that the decline in

amylase-act1vity in the intact seedlings was accompanied by - -
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. a decline in the ph of the endosperm. The lower pH values
not only destablized amylase  (Greenwood & MacGregor, 1965),

- but also approached the optimal pH for protease- act1v1ty
(Bhatty, 18968, Enari & Mikola, 1968). A s1m1lar drop in pH
was also observed in an inadequately buffered'culture medium
containing either half-seeds (Briggs, 1968al or isolated
aleurone layers (Clutterbuck & Briggs, 1973). These
observations suggested that decreasing pH and increasing
.proteolytic activity may have been instrumental in'oausing
the decline in amylase activity during prolonged e;posure.to

gibberellic acid. o L

F. The effects of inorganic fons oh enzyme release.from
aleurone tissue ' ' |
The ava1lab1l1ty of 1norgan1c ions also served a

regulatory function dur1ng the g1bberellic acid 1nduct1on of
enzyme release from -aleurone layers Studles of the .
relat1onsh1ps between synthesis and release of alpha-amylase
and 1norgan1ci1ons were hampered by the,dependence of bar ley
' alpha?aMYIase on Ca*2 for activityAandﬂstabjljtyl(Greenwood
& MacGregor, 1965). Calcium fons had to be added to the
' med1um suspend1ng the lsolated aleurone layers otherwise,
very little amylase activity would be observed (Chrispeels &
i‘fVarner,'1967 Clutterbuck & Briggs, 1973) after the »
‘incubation per1od Calcium fons could not be replaced by
'fsalts bf magnes1um barium or cadm1um. although strontium
salts were almost as effective as calcium salts in.

-
~ e v
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permittingvthe recovery of‘amylase‘activity lChrispeels-&l‘
Varner, 1967) It was 1mposs1ble to ascertain from these
"exper1ments whether ‘the other cations were prevent1ng the“,”
synthesis of amylase, or if the amylase was being o
deactivated in the absence of the stabiliZing effect of
Caleium, although the concentration of calcium reduired fdr
max imum amylaSe synthesis exceeded the calcium concentration
required to satisfy -the calcium-dependenee of amylase
‘activity (summar ized in Carr & Goodwln, 1972). To resolve
this ambiguity, a flow-through cell was employed that

_permitted the aleurone tissue~t0'be incubated in a medium

lacking ealcium, but as the medium passed around the'layers,

it was immediately added to a buffered calcium solution.

This would aid in the preservatlon of any amylase_that‘had

been released lntO/the medium (Varner & Mense, 1972). Using

this"approaeh it was found that calc1um. magnesium and
_pota551um salts fac1l1tated the release of amylase from
isolated layers. The aleurone layer was the ma jor source of
11norgan1c ions in cereals (H1nton, 1959 Liu & Pomeranz,
1975) and the release of large quant1t1tes of these
1norgan1c ions from 1solated aleurone layers was: dependent
| on the appl1catlon of g1bberell1c ac1d (dones, 1973) The
1norgan1c 1ons released from the aleurone of germInating

intact seedlings were able. to, in turn. st1mulate the _

‘release of amylase from 1solated aleurone layers that had .'“r

been exposed tg gibberelllc ac1d (Varner & Mense, 1972) .
dAlthough the prescribed lxberation of these 1ons/may be one.

/
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means of regulating amylase release fron aleurone layers,
-the release.of amylase directly from the.lysosomal fraction
of aleurone cells was not significantly enhanéed by the
addition of calcium fons. It was conceded, however, that
sufficient calcium Ma¥ have been bound to various celll'
fractions to saturate the dependence on calcium (Gibson &
Paleg, 1877). The distributien of inorganic ions could nlay
a'signifieant nole,in-modifylng theagibberellic acid-induced
reSponses dt aleurone cells thnough other mechanisms. . As -
prev1ously ‘mentioned, g\bberell1n A1 was preferentially
bound to the aleurone grain fraction from the aleurone cells
- of wheat (delsema et al., 1977). ‘This binding was dependent

on the ava1lab1l1ty of free calcium ions ' The omission of

calc1um from the . 1ncubat1on med ium or the addit1on of the

calcium- chelat1ng agent ethyleneglycol -bis (beta amino ethyl.

ether) N, N'-tetraacetlc acid (EGTA) el1m1nated the

,assoc1at1on of trit1ated g1bberellin At with aleurone

bod1es

5.

Another aspect of the poss1ble 1nvolvement of calc1um f\L,

ions was 1nvestlgated us1ng intact barley seedl1ngs ‘
‘germlnated on f1lter paper (Briggs, " 19683) The levels of

free calcium,ln the endosperm_were rap1dly5depleted_as

seedling growth proceded. This decline in available calcium

_;was accompan1ed by a sharp loss of amylase activxty in. the
grain The loss. of calcium from the endosperm may tend to
| destab1l1ze the amylase rendering it more sensitive to

,'changes in pH and ‘more susceptible to proteolytic attack



(Briggs, 1968a).

AThe inorganic ions of aleurone Jayers are predominantly
‘associated with the aleurone ‘g'ragns'“(ipomerani‘,' 1973; Liu &
Pomerana, 1975), and phosphate, potassium, magnesium and
calcium'are the dominant ions. The v. ry large amotint of
phosphate was indicative of the presenoe of phytir, a major
component ‘of aleurone gra1ns (daoobsen,‘Knox & Pyl1otis, |
1971) During germ1nat1on phytin was hydrolyzed to
. phosphate and myo- 1nos1tol by phytase, another enzyme"

' produced in response to g1bberell1c acid dur1ng germination
(Srivastava, 1964). This could account for the large efflux
N of phosphate, potasswum and magne51um from ‘the aleurone
Iayers (Jones, 1973). Presumably, ca]ctum would a]so be.t‘,"
released, as indioated by the loss of. caToium'#rom the ‘\
caryopsis. of germinated barley (Br1ggs, 1968a) Qn the -
mbasws of. these observed responses 1nvolv1ng 1norgan1c 1ons,,
it is possible that any factor that can modzfy the normal
distr1but10n of ions in the t1ssue may also«affect'normal :
enzyme production'and secretion'_ Ethylene has been shown to ﬁ
. ‘cause a st1mulat1on of jon release From some tissues as
'exempl1f1ed by the release of chLor1de and rubidium from v
. flower petals (Hanson & Kende. 1975) The nature of th1s
'ﬁnduced ion . transport was not known ‘but a general 1ncrease

in membrane permeabil1ty appeared un]tkely (Mehard 1969)i
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G. Ethylene methodology |
Ethylene, a,éas at laboratory‘temperature and pressure,

" is capable of modifying'many phases of plant growth and '
_ development (Abeles, 1973). ‘Many of these effects have been‘
detected.in‘response;to very low concentrations}of ethylene.
In order to obtajn meanlngful reSults. experiments and
| apparatuses must be caretully designed to accomodate the
volatile nature\of ethylene and the sen51t1v1ty of many
tissues to trace quant1t1es of ethylene. rwlarlly,
potential"environmental sources of ethylene mus Dbe
velimlnated As prev1ously ment1oned, soils release ethylene
~ under . some c1rcumstances but urban air (Abeles, Forrence &
Leather, 1971' dacobsen. 1973)' laboratory air (Jacobsen,
1973) and compressed air cylinders (Eastwell ‘Bassi & /
Spencer. 1978) also contatn s1gn1f1cant amounts of ethylene j.
. § o add1t1on components of exper1mental equ1pment may
_ contrlbute ethylene to the test env1ronment (Bass1 & |

Spencer, 1979; Smith and Restall 1971) The need for
'_fadequate controls was emphas1zed by a study on the ethylene

' 1nduct1on of 1ncreased glucanase act1v1ty in bean leaves

(Abeles et aI 1971) Ambient levels of ethylene ‘were -

: ,suff1cient to saturate the response to ethylene, therefore.‘

© ' the 1ntroduction of addit1onal ethylene produced no

_:tdetectable effect and a potent1al ethylene response had been
masked However, when an adsorbent was employed to- reduce
;the ethylene concentration in the control env1ronment. a

_:fresponse to ethylene was read1ly observed Jacobsen (1972)

/
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suggested that a similar situation existed in the studies of
bar ley aTeurone tissue. - Ambient_ethylene'may have partially
masKed the'response to any increment in ethylene

_ concentration over the control levels. ’Therefohe. it is
essential, for quahtttatiVe results, to eliminate ethylene
frdm the‘controthenvironment. ‘

For ease df;handling and analysis, experiments on.
ethyTene effectsyand production typically have been
conducted in CTosed systems‘(ward et al., 1978). As a
consequence of encTOSUret tissues were.exposed to
accumuTating.voTatiles including ethylene (Ku et al., 1970;
Jacobsen, 1973) and carbon dioxide (Ku et al. 1970)

Carbon dioxide 1nteracts w1h ethylene in several systems
(for example Abeles, 1973; Burg & Burg, 195% Toole, Balley

& Too]e, 1964) . The concentrat1on of oxygen also var1es.

through resp1ratory or photosynthet1c act1v1ty The

modification of the atmosph re surrounding the tissue coulé o

be reduced by d1rect1ng a stream of air continuous]y through'
the sampTe (Ward et al. 1978). The effects of vent11at1on
Were‘exemplified by Ku et al.. (T970) .Their resuTts showed
that the ad91t1on of ethylene to the air of sealed flasks
(final concentrat1on. 10 nT/mT) resulted in rice. coleoptlle
extens1on 53% greater than.contro]s.also ma1nta1ned in
sealed flasks , but 240% gheateh‘theh controls in a

- continuous floﬁ system. ~In the sealed flasks conta1ning the
" rice seedlings, carbon diox1de had accumulated to

concentrations exceeding 12%. This 11]ustrated }he need for



32
adequate gas exchange during plant'physiological studies.
In spite of these general considerations favouring free
air exchange for experimental tissues, previous studies ond
the effects of ethylene on bar ley aleurone layers have been
conducted exclusively in closed systems (Jacobsen, 1873;
Jones, 1968; Scott & Leopold, 1967). Jacobsen (1873)
claimed—that enclosure of barley aleurone layers had no
effect on amylase synthesis and surmised that changes in
oxygen and carbon diox1de requ1red no further
considerations. Nevertheless, the consequences‘of varying
carbon dioxide and oxygen concentrations on ethylene
‘responses and production. respectively, have been well
documented in a number of plant tissues (Abeles, 1873;
Abeles & rorrenCe. 1970; Kang et al., 1967; Keys et
al. 1975) During a study on the synthesis of amylase by
barley aleurone layers, it was observed that the | | \
concentration of ethylene in sealed flasks 1ncreased as a
result of ethylene production by the tissue {Jacobsen,
1873). This inadequate control of gas composition could
" lead to erroneous conclusions Therefore, for the present
study, it was necessary to deVise a continuous flow system
to prevent the accumulation of abnormal gas concentrat is
during the incubation of isolated aleurone layers.
, A continuous flow of air through the sample was also
requ1red during the initial 1ncubation period- of bar ley
half- seeds. It has been shown that the exposure of aleurone

»

‘ltissue te ethylene before the addition of gibberellic acid



suppressed amylase release (Jones, 1968). An open system
would alleviate the posslble accumulation of ethylene around.
| the half- seed - o
A continuous flow system is only a partial solution.
Most sources of air contain ethylene as well as other '
hydrocarbons. - Some methods were available to remove
ethylene from an air system (Abeles, 1973) but little
attention has been directed to other light hydrocarbons
ReSearch has shown that ethane and other.hydrocarbons were
capable ofvacceleratlng mitochondrial SWelling (Mehard,
1969; Mehard & Lyons,-1970) and altering the physical |
' properties of mode! membrane systems (Mehard, 1969; Mehard,
Lyons & Kumemoto, ¥870). In spite of these effects,
‘however, several stud1es have Falled to detect any
physiological response of oslants to methane or ethane (Burg
& Burg, 1967; Heck & Pires, 1962; Jacobsen,.1973). The
environment of the plant should be free from‘any |
hydnocarbons that may influence the normal'bioqhemical
processes within the sample. Most methods currently in'uselﬁ
for plant physiology stud1es were 1nadequate, and new o

vmethodology had to be develOped

H. Summary}

| From the discuss1on. ‘it is apparent that 1solated |
aleurone layers from cerealsroffer a un1que‘opportun1ty to ,i
s tudy hormonal control. Three plant ghowfh hegulators ;
(g1bberell1ns ethylene and abscls1c ac1dl have been shonn
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to be active in this biological system, but large voids

_remain in our understanding of their actions and their
. interactions. Despite‘the apparent simplicity of the

tissue, the interdependence of_several‘metabolic'processes

is evident. These relationships make it hazardous to

interpret effects of any one segment of the hormonal

‘ response of a]eurone_layens.‘without considering possible

interferences from other responses within the same tissue.
Aleurone cells, like most other'plant and animal cells, are

sensitive to théir environment. in;the case of isolated

. aléurone layersj factors relevant to the hormone-induced

production of hydrolytic enzymes include: inorganic ion
Cdncentrafion. pH;-ektent‘of‘aeration.-microbial at;acks,
the presence of‘antibiotibs'and ambient ethylene
concentrafions All of these parameters must be carefully
controlled in order to perm1t the acquisition of exp]icit
results ~ Many existing practices are deficient in
env1ronmental cond1tions. and it is considered necessary to

expand or develop certaln new techanues



I1I. METHODS AND MATERIALS ~ .

A. Analysis‘of gases
' Gaseous samples

- The hydrocarbon and carbon joxide contents of sample
gase5~were determined by gas chromatography'with a
Hewlett-Packard-(Model 5830A) gas chromatograph equipped
with four-way sideport valves. Typically, 1 ml to 5 ml gas
samples were/inJected onto the-analytical column a |
stainless steel column (300 cm X 0. 3h¥5 em OD) Packed with
~_ Porapak Q (80 to. 100 mesh, Waters Assoc1ates Inc ' Milford.
‘Mass.). When analyzing the very Tow concentrations of
hydrocarbons encountered in many’ of the air samples. a fine
‘needle (26 guage x 1.27 cm long) had to be used With the gas
_tight;syringe._'The penetrationvof thenseptum by & coarser
l fizeahle.peak that:coincidedh
with. the methane peak on the chrOmatogram, This effect was

" needle consistently produced a

. observed regardless of the brand or style'ot'septum used.
'The flow rate of the carrier gas helium. was maintained at
40 ml/min ' The analyses were performed isothermally at |

| y40'C A1t effluent splitter was’ attached to the end of
‘?the column “one- half of the flow was directed through a

hydrogen flame ionization detector (FID) for the resolution ; .

of" hydrocarbon peaks’, while the. remaining portion of the. gas e

'flowed through a thermal conductivity detector (TCD) for: the |
determination of carbon dioxide An auxiliary flow of ;i'
'30 ml/min of carrier gas was introduced into the jet of the
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hydrogen flame to improve .the stability of the signal from

" the flame ionization detector  The limit of detection,

- corresponding to a signal-to-noise ratio of approxXimately 2,

was 0.05 ng of each hydrocarbon. The peak areas on the
chromatograms were quantified by a built-in electronic
integrator (seneitivity limit 0.5 ng') - The areas of smaller |
peaks were determined manually by height-width measurements f'
_"The areas of peaks were converted to units of n1/ml of ‘gas |
nby bomparison to chromatograms of external standards. These
standards were analyzed hydrocarbon/helium mixtures (Union
~ Carbide of Canada Ltd., Dakville, Ont. ) and analyzed carbon |
dioxide/air mixtures (Matheson of Canada Ltd., Whitby,
- Ont.). The hydrocarbon mixtures were further checked o
vagainst analyzed standards (Union Carbide of Canada Ltd ()
‘ 0akv1lle Ont ) that had been tedted by an independent |
laboratory (Chemvcul and Geologicgl Laboratories Ltd.,
Edmonton, Alberta). o o R
When a more sensitive method of detecting ethylene was
required the effective sample size was increased by the use ,
~ofa collection trap (De Qreef De Proft & De winter. 1976
lStinson & Spencer. 1969) Ethylene ‘was trapped on. 1, 5¢g
:lsilica gel (30 to 66 mesh;: Mgtheson Coleman and Bell |
f Cincinnati Ohio) packed in a copper U-tube (16 om
;x 0. 635 .cm DD) Preliminary experiments indicated that
fering manipulation of the trap'*sufficient room air was -
}retained”inh he U- tube to_cont' bhte detectable amounta of”
thdrocarbonjlto»thefeample :

S a el

;f;faur-way ball valve (whitey;*kil” .
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Co., Dakland, Calif.) was ;%tached to the U-tube to exclude °
room air from”the"trap;_ Residual"hydrocarbonS'from previous
runs or from room air were exhausted.by immersing the trap. |
in boiling water and purging. with sample gas_for 10”min.{ At -
this elevated temperature, the retention oflethylene-was'
prevented After purging the trap, the ball valve was
rotated to bypass the U tube, and the trap was 1mmersed ina
dry ice/acetone slurry It reached temperature equilibirium
in 2 to 3 min. The fiow of sample gas through the U-tube fﬁﬁ-"
‘qu then re-established by turning the ball vglve «. This gg%gy;v
procedure trapped any ethylene present in the’ gas sampletn
After an appropriate Length of time, the valve was again
“.turned so that the gas flow bypassed the/trap The . - &
collection system. while still 1mmersed in dry ice/acetone,nl .
was attached to the sideport valve on the gas chromatograph
Carrier- gas was flushed through the 51deport connec??ons,
' _while the u- tube cor aining the trapped ethylene was heated
1n a b01ling water bath for 10 to 15 min to dissoc1ate the .
ethylene from the adsorbent The ball Valve of thehtrap was
; then turned to direct the carrier gas through the U- tube and -
~ sweep the liberated ethylene to the gas chromatography '

Column. Operated in this manner, the trap functioned at

.i100% efficiency w1th respect to the collection and

‘subsequent release of- ethylene from an a1r stream ‘ It has

| also been noted that smaller quantities of s1lica gel could

be used in’ the U tube 1f it was necessary to reduce the back .f
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1979).
" The concentration of oxygen in gases was determined by’

drawing the sample into a portable“oxygen analyzer (Modelh
D2; Beckman Instruments, Inc., Fullerton, Calif.)r R
The .concentration of the oxides of nitrogen in an air
~ stream was determined by absorbing nitrogen dioxide in an
.aqueous trtethanolam1ne solution and measur1ng the flnal \
nitrogen dioxide concentrat1on 1n the absorbent by the
Griess-Saltzman reaction (American Public Health
Assoctation, 1977b). Although nitric oxide should have been
spontaneobsfy oxidiied to nttrogen dioxide (Nash, 1950): a
constant humidity regulator and a nitric}oxide oxidizer‘
(Americaanubllc'Health Association, 1977a)-were placed in
series %pstream from the absorbtng reagent to ensure
Aicomplete convers1on of nitr1c ox1de to nitrogen d1ox1de for

’
the analys1s The techn1que was calibrated using standard

| solut1ons of sodtum nitrite. -
Dissolved gases | ,
The gases dissolved 1n l1qu1ds were determ1ned by two
methods (1) vacuum extract1on of gases from solut1on, and
(2) strippwng of’ gases from solut1on with an inert carrier
gas. In both cases, the d1ssolved hydrocarbons were
| subsequently analyzed by gas chromatography The gas
'chromatograph was as described - above but to accommodate the
'larger wolume of gas sample entering the cofumn, a stainless
"steel cofumn of a greater diameter was used (245 cm |

rhx D 635,cm OD) - The column was packed wlth either ‘Porapak O

S / S . - @ e - '
’~ X B
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(80 to 100 mesh; Waters Associates Inc. , M11ford Mass.) or
act1vated alumina (80 to” 200 mesh; Matheson, Coleman and
Bell, Cinctnnati, Ohio)._ In accordance with the.larger
column diameter, the flow rate of the helium carriervdas was
increased to 60.m1/Mtn unless otherwise stated. The carrier
gas'passed djrectly from the column to the hydrogen flame
ionization detectpr. The analysis was performed
isothermally at 40 C, but after‘eachirun,_the column was

" heated to 120 C for 5 min with the carrier gas flowing to
.expel excess moisture from the column, The absolute amount
of ethylene in each sample was calculated fron the
chromatograms as descr ibed above. | |

The theoretical values for' the amounts'of'ethylene

» dtssolvedyin water were estimated through‘Henry's lawﬁ‘

&, . . p:= (x)/_(k) |

e
N

.where'p wae the‘parttal preSsure of gaseous ethylene tn

‘equ111br1um with the solut1dn and X was the mole fract1oh of
| d1sso]ved ethylene Henry s law constant was represenhed by

K, and was equal to 8. 67 x 10¢ mm mercury/mole fraction for

a solut1on of ethylene in water at 25 C. For dilute aqueouf »
h,SQIUtions, this ‘estimate was va11d to within 3% of the

‘ac‘§al values (Dan1els & Alberty, 1966).

1. Vacuum extraction ;ethod .

, ( The vacuum extract1on techn1que depended on reduced
 pressure in the: sanpﬂe chamber to reduce the sq?ubx]tty*of
_-gases in 11qu1d5 The vacuum was generated W1tﬁ a vacuum

P pump, but the vacuumluas transmttted through}acmercury R

B "k.'.‘-‘
Dty
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column to\permit containment»of the sample. The appar?*us
(Figure lA) consistéd of a cyllndrical separatory funnel
(12 cm x 3.3 cm OD) filled with mercury, with the outlet
_connected to a mercury reservoir with Tygon tubing; The top
of the funnel was sealed with a hollow ground glass stopper
that had been modified to accomodate a silicon rubber
hseptum. ' To measure the amount of dissolved ethylene, )
‘hydrocarbon-free air (Eastwell et al., 1978) was ihjected
into the funnel, followed by'the appropriate volume of
'liquid sahple. Then a vacuum (SOB\mm of mercury in our
systeml'was applied to the reservoir'by the vacuum pump, and
.the heightrofﬁthe funnel was adjusted to equalize the level
of the mercury coluhn in the reservoir and in the funnel.
While‘the yaCuum was applied, the funnel was gently tapped
“to dislodge gas bubbles that formed on. the surface of the
glass and mercury. After the desired extraction time, the
vacuum was released and the height of the funnel,was again
: adJusted to- equal1ze the mercury levels. The ent1re gas
mixture was qu1ckly w1thdrawn through the septum into a gas
t1ght syr1nge and 1njected 1nto the gas chromatograph for'r
analys1s - The vacuum pump was vented. into a fume ‘hood to
prevent the poss1ble contam1nat10n of the laboratory with
mercury vapours N

‘2. Gas stripp1ng method

This techn1que used the carrier gas of the gas
'chromatograph to displace d1ssolved gases from a. liquid
_sample,,and carry the displaced gases directly onto an



Figure 1. Schematic diagrams of the apparatuses for
extraction of ethylene from aqueous solutions A Vacuum |

‘”extraction technique B Gas stripping technique

*
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_analytical column_(Swinnerton,‘Linnenbom & CheeK . 1962) .
The sample chamber (Figure 1B) consisted of a glass cuvette
attached to the s1deport valve of ‘the gas chromatograph
The top of the cuvette was- sealed with a septum contalned
w1thin an injection port. A frltted glass d1sc (20 to 100
micron pore size) bisected the glass bulb of the cuVette.
"Prior to each‘analysis.'the cuvette was flushedlwith carrier
‘gas for 5 min. Then the sideport valve was turned so that
the Carrjer gas bypassed the cuvette. ]Any resldual baok
Vpressure in theycuvette was releasedvby,briefly‘perforating‘
the septum with a fine hypodermic needle The }iquid sampley
was 1nJected 1nto the cuvette and the flow of carrier gas
| through ‘the chamber was qu1ckly restored to the spec1f1ed .
‘ flowvrate by turn1ng the sideport valye The str1pped gases%
were carried,djrectly ontolthe_CQlumn for_analys1s.

3. 'Comparison'of methods for dlssolved gases..

The performances of the methods descr1bed above were
evaluated by compar1ng the results obtained from analys1s of.
standard solut1ons Sample gases were. prepared by m1x1ng -
hydrocarbon free a1r (Eastwell et al., 1978) and a o P
commercial m1xture of 100 nl/ml ethylene in air. at .

_ﬁw4~“*different relat1ve flow rates The concentrat1on of

| ethylene in the resultant m1xture ‘was. determ1ned by gas‘f
chromatography The ethyJene/a1r m1xture was then bubbled

' overnight thrdbgh deiontzed glass~d1st1lled water 1n a 1 e ‘-\
gas wash1ng bottle. ance the solub1l1ty of gases is ;%,:“ Ht;‘
-temperature_dependent ‘the bottle was maintalned at 25.C in

RS . T

s .
A&l |
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a water bath. The bottle outlet allowed samples of the
usolutton to be drawn into a syr1nge ‘through a long
'hypoderm1c needle. The syr1nge was flushed with the l1qu1d |
‘phase three times before samples were taKen ~The liquid was

w1thdrawn slowly to av01d premature release of dissolved

gases.

B. ‘Methods éoniremovjng hydrocarbons. from air
- Preliminary analysis indicated that laboratory air, air °
from compressed air cyl1nders and from on site compressed
air lfnes; conta1ned apprec1able amounts of low molecular
weight hydrocarbons | In an effort to eliminate these
contamlnants from air suppltes. a number of. methods were
evaluated for their ab1l1ty to remove hydrocarbons.
l1nclud1ngaethylene, from an air stream |
In order to compare the eff1c1enc1es of each of the
methods tested a single cyl1nder of compressed a1r was used
7 throughout ‘the evaluatlon procedure Analys1s by gas |
chromatography 1nd1cated that th1s cyllnder conta1ned
'9.16 n1/ml methane, 0. 020 nl/ml ethylene and 0.420 nl/ml :
“ ethane Analysis of other a1r cyl1nders indicated that they
.,:contained 51m1lar amounts of these low molecular we1ght N '
. hydrocarbons ' V |
| The methods that were compared for their su1tab111ty ;
bfor btologlcal studIes are summarized 1n Table I. and~»
| ncluded the use of adsorbents (methods 1 to 9). ltquid

3

g ':.:f'traps (methods 10 end 1) and sohd reactwe materials
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(methods 12 to 22). The solid adsorbents (Stiﬁson &
Spencer, 1969; Szepesy, 19705iwere activated at éOOWC for at
least 16 hours before being packed into a copper U-tube

(45 cm x 1.27 cm 0OD). Cocoanut charcoat, Molecular Sieve
13X a;d Davisbn Molecular Sieve were obtained from Fisher
-Scientific Co. (Fair Lawn, N.J.) while siltca get was from
Matheson, Coleman and Bell (Cinainhati, Ohio). Natrasofb T,
an amorphous form of silica gel, was disttibuted by Cullen
~Industries Inc. (Buffalo, N.Y.). When the solid adsorbents
were used at -86 C,‘the U-tube was immersed in a dry
iae/acetone slurry. A temperature of -196 COWas'attained by
placing the U-tube in a liquid nitrogen bath. The 1iquid
. traps (methods 10 and 11) were constructad from gas washing
tubes.. Ten ml of .the absorbing reagent, 40% aqueous
forma1&éﬁyaaﬂin eithértconCéntrated sUlphuric’acid (Weber,
:1953) or fuming_sulahufic acid; were pipetted -into the tube
and the-air stream was dispersed in tHélliquid through a
frttted'giass aerator of medium'porosityu. The solid
‘.reabtiQe'materials (méthodS-t? to 22) were. packed in a

; stafnless:stéel tube (45 cﬁ x 1. 27 cm 0OD). . When necessary,'”J
" “higher teaperatures were attained by enclos1ng the steel

.tube 1n the . 18 cm long heat1ng chamber of a semi

._m1cro combustlon furnace (Sargent Welch Scient1f1c Co. )
’_Cocoanﬂi:bharcoal (method 12) was brom1nated by slowly
, add1ng brom1ne to the charcoal. with constant st1rr1ng
(Southw1ck & Smock, 1943) . The charcoal and bromine were

'Q‘allowed to. equtlabrate overnight in a stoppered flask The
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leading half of the trap was filled wih bromihated charcoal
and followed by activated charcoal in the second half to
trap any re51dual bromine that had not been completel;
adsorbed - When pota351um dichromate (method 13, Kitagawa &
Kobayashi, 1855) and potass1um permanganate (method§/14 and
15; Forsyth, Eaves & Lockhart 1967 and Drager, 1957
respectively) were used ‘as.active reagents, they ‘were added
to the silica gel as a 40% (w/v) suspension in water, then
dried at 200 C ovérnight Chromotropic acid

(4 5-dihydroxy-2, 7*naphthalenedisulfonic acid) was deposited-_
on silica gel (Drager, 1957) in the same way, and then dried
"at 60 C In vacuo for 3 hours (method 15). Crystalline
iodine pentoxide (method 16) was triturated and added
directly to the 51l1ca gel to obtain a uniform suspension
(Anonymous, 1957; Vogei 1968) . Selenium oxide reagent
,(Grosskopf 1957) was prepared by adding selenious acid to-
silica gel and heating the mixture to 200 C overnight
(method 17). Sublimation to yellow crystals in the .
.stoppered flask indicated the formation of'selenium oxide .
Silver nitrate (method 19) was deposited on Siiica gel as a
4% (w/v) solution and dried at 90 C for 3 hours (Nelson &
Mulun. 1957) ' Fuming (30% sulphur triox1de) or-concentrated
sulphuric acid when used in any of the above methods was. -
added immediateiy before packing the column Cupric oxide ':
~ (copper (11) oxide) peliets imethod 20; Nash 1950) were i
| prepared essentially as described by Schenk (1963) with thef

following modifications. Ferric oxide (1ron (III) oxide)

%i.\x o
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»~pouder‘wasiadded;to~theaoupric oxide/Kieselguhr paste to d
improve the efficiency of the catalyst (Vogel, 1968). The
mixture was extruded through a syringe’and dried at 200 C to

form pellets (0.8 cm x 0.2 em OD). The reduction'of cupric

oxide with hydrogemyglilRe 1963) was omitted. Method 21
- also used,ouprieéoﬁea_ *l,lyst (Gane, 1936; Norem,
1958). To pégy.;i‘ R ?t;.essure created by the'fine
pdwder, the cUpriC°ox“ :%‘u
.(Nprem, 1958). Platinuni%;talysts (method 22: Kobe &

_ MacDonald 1941 Nash 1950) were commercially available (K.
~and K Laboratories Inc. ; Plainsview, N.Y.) .

All connections and tubing were metal or glass to
prevent contamination of the air stream with hydrocarbons .
released bylthe‘apparatus .In eaoh'case.'the apparatus was
allowed to achieve temperature equilibrium before the flow
rate of 100 ml/min of air was established through each
‘purifie%tion system The apparatus wa&»then “f lushed for
'10 min before the first samples were taken from the effluent
air stream through -3 minimum bleed septum mounted in a metal
'tee,' Succeeding samples were ‘then taken at 30 min
,intervals At each designated tiuéﬁ’three 5.0 ml samples
j'uere'drawn into 5 ml syringes Each syringe'was flushed
.with effluent air five times before taking the sample.‘and
' the delay. between sampling and analysis was Kept to a
f'minimum Analysis of the air samples was performed as fl
'fdescribed in a previous sect.oqg uethods 20 to 22 were -
ki subjected te closer scrutiny by. making 30 min collections to}'
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- detect lower concentrations-of ethylene.—- - - o -
. | 4 .
C. Gas mixing and delivery systems
Two separate systems were constructed to allow samples y
to be exposed to the desired experimental conditions 0he~
'system was used predominantly for the preliminary incubatsdion
‘of barley half-seeds, ‘while the other was used for the
‘ethylene studies on isolated barley aleurone layers (The
preparation of these tissue-types will be described in
detail in a later section. ) _ | ,
A relatively simple’ system was used to administer air
-during the incubatioﬁ of bar ley half seeds Tﬁe air:sourcev
: _for this system was the a1r compressed on site A tWo-stagedﬁv.
‘regulator reduced the llne pressure to 350 g/cmz and the -
- flow rate of air through the«system Was regulated and -
“maintained at 100 ml/m1n by a needle valve The a1r passed tt<'
| through a heated column of platinized asbestos catalyst to o
noxidize hydrocarbons ' The. effluent air line entered a.

"growth.cabinet (Mode1 Cel-8, Sherer Gillett Co.. Marshalt

".'Mich ) maintaxned at 25 C Inside the chamber.lthe air #j_~1d

. bubbled through a 125 ml. gas uashing bottle filled with
'-deionized gless distilled water This humidified the air

l}‘”to prevent desiccation of ‘the tlssue | The cutlet was/

'connected to a cross uion. \Dne branch was sealed'with 2 ;fsj

| minimum bleed septum to perml'r._?tjfi'y_k‘~
",for air analysis. while the ;flélf;f,‘_ ranches ' led
‘the‘samples For the routine pnelgpinaryfjncubatton of
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barley half-seeds, the air purged flasks. containing sterile
‘half- seeds (Figure 2). Each air line passed through a
2 micron sintered steel filter (Nupro Co., WiJloughby, Ohio)

r--Nta\trap particulates‘and water mistrthat may have escaped
from the gas washing bottle. The effluent‘air passed '
through a bulkhead union in the metal culture tube . closure
of a longnecked 250 1 erlenmeyer flask. The oppos1te end of
the union was attached to a segment of stainless steel
tubing (41 cm x 0 3175 cm OD) Thus, the gas. inlet was at

. the bottom of ﬁhe flask, and the excess .air was allowed to

~ vent from underneath the metal closure “ A

The second system allowed the 1ntroduction of various f

amounts of ethylene 1nto the air stream - In thls case.
however “the air supply was a commer01al cylinder of
conpressed air ﬁpressure was reduced to 700 g/cm2

’ through a two—stage regulator "The . air passed . through a
heated column of platinized asbestos catalyst and to a tee
ﬁhion A needle valve on either side of the tee was used to
adJust the flow rates The air on each side of the tee was. o

then dispegsed in a 5% (w/v) solution of sodium hydroxide i".; o

gas washing tubes The. effluent from each tube was split at.
another tee. and each branch was again connected to a needle
valve These valves permitted balancing the flow rate'
| bra “*“ Pof the latter tee. As ‘the air emerged
lve, it again entered a tee One branch was
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-~
‘typically connected to a culture tube containing isolated

aleurone layérs.

" When des;red ethylene was 1ntroduced into the aiﬂ.
stream through a tee in one of the two air lines. (The
.z.ethylene.tnlet.was situated beyond.the,needlevvalve‘atter

I

the air flow was split iE}o two components.) &Therefore,l
nwhen’ethylene Was‘supplied, one half of the alr £ low
remained hydrocarbon-freet?while the other_contained metered
amounts of ethylene Ethylene was supplied from'one of two
’cylvnders of spec1al1zed mixture, either 113 n1/ml or

/219 n1/ml of research grade ethylene in ultqi zero air
(MatheSOn of Canada L'td. Wh1tby. Ont.). The pressure wq;
d%duced to 700 g/cm2 throdgh a standard two stage regulator,
‘and then . further reduced to between 0 and 500 g/cm2 through
!a,low pressure regulator;dﬂgdel 70, Matheson of Canada Ltd.,

Whitby, Ont.). The ethylene mixture the’passed through a

N

- . - ' h
capillary tube and'into/the tee connected to the‘air supply,u-“

.~The relative amount of” the ethylene mixture- 1ntroduced lnto

'jjthe a1r supply was governed by the pressure established wfth i

f"rqm 29- c:m to 58 om. | aa =
f X Thvs arrangement thus provxded gas ouilets for fou#
samples,; ﬁhen ethylene studies were conducted two of the

ff samples yere exposed to ethylene and two samples served as
S controls “Unless'otherwise stated the flow rates weret:h'
Fj adjusted to l5 ml/min of gas throdgh each sample - The

» ;,ﬁ. N . ‘1"&

., vx“‘:ﬁ)m'.. - :">',’ P b"‘ : i _‘.,f;; " S . X RETE A
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, D;. Preparation of samples
'Seeds f‘ o w:»

,culture‘tubes and the gas washing tubes were partially

imversed in a temperature controlled water bath. The

temperature was constant at 25: C _
'/ The culture tuhes (Pﬁgure 3ﬂ were designed to offer
asept1c condtttges <§nd#¥o avo1d contact oﬁﬁthe air with |
plasttcs op ruoggr~ fhe female portion of a 12/30 ground
glaSS Joint wa% sealed to form a tube (7 em x 1.6 cm 0OD),
and a sfﬂéarm was attached to the tube. ' The s1dearm was

loosedy blocked with a plug of glass wool, and functioned as

J‘ ﬁa

- a vent)to allow air. to escape from the" culture tube. The

top of the male port1on of the jo1nt was fused to a glass

tube (0.625 cm 0D) wh1ch extended- approximately 3 cm above -

the joint, and the bottom was sealed to a tube (0. 625 cm 0D)
that extended to thh1n 3 mm of the bottom of the culturéQ“
tube. - lhe.t1p of,the lower tube, which served as the gas

inlet, was drawn to a taperltd“provgde'greater dispersion of

 the- -gases. These culture tubes were produced in the

Universlty of Alberta glass shop !:4 ' e
X O
4 ¢ -

-

d\i ’ )

Seeds o# barley (Hordeum<&ulgare cv Himalaya, 1974
harvest) wert used throughout _ The seeds, obtatned from Dr.
4 D, Maguir , Washlngton State Un1versvty. Pullman,

gpshipgtOh in 1875, were stored at 4 C unt1l used

i '{.” .,‘ v

0

e of experimentatton Seeds were. stertlized
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as described below for half—seeds, then placed on sterile

filter paper in trays, and soaked with dlst1lled ‘water. The
‘trays were wrapped in foil and 1ncubated for 96 h at 25 C

? before the number of germxnated seeds was counted. Over the

| cpurse.of the expentmenta].perJOd, the avgrage germinationma““54¥

rate was 97%.

Preparation of ha]f seeds

4, 4

Half -seeds of barley were prepared essent1alTy as Nfagﬁu,.
descr ibed by Chrispeels and Varner (1967). Approx1mately \rﬁ B
) 5 ; o

0.75 mm of the d1stal end was removpd from each seqd and '?@.5
L

| discarded then a segment 3 mm in length was: removed fnom
the adjacent t1ssue This was cons1dered a half-seed. If
. any shrivelllng or discolouration of the seed was dl?erved
or 1f any embryon1c ttssue rematned attached to theil!h
half seed that sample was d1scarded

’ The half seeds were ster111zed by rin51ng the
half seeds for 2 min in 75%. ethanol ina ster11e 250 ml
erlenmeyer All subsequent steps 1n the preparat1on of .'
, half seeds and jisolated aleurone layers were performed on a
laminar flow bench (Edgegard Hood No. EG4252 “Baker Co » ‘
‘ﬁnc , Sanford Matne) to help ma1ntain ster1le cond1t1ons
The ethanol was decanted off and the haéf seeds were rtnsed |
.1n 25 ml ster1le dtst111ed water for an add1t1ona1 2 min, :
" then thoroughly dra1ned Apprbx1mate1y 50 ml 4% sod#um |
| hypochlor1te was. added to the flask, and the flask was 1 ‘
lgently ag1tated for 20 min. The hypochlor1te so]ut1on was

-carefu\ly-and thoroughly decanted awax from the half seeds
‘ : Abaties v ;
, , ‘ U
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I - A

The half-seeds were rinsed five times;.each for 2 min;_with
30 ml sterile d1stilled water. The rinse water was
periodically collected and the concentrat1on of hypochtor1te
was determined by the chlorpromazine me t hod (Coll1er,_1974).
“'ThiSfoffered"a'means~of'e9a1uattng the efficiency of. the
rinsing procedure Stxty half- sqggg.ugre transferred to
each 250 ml flask (F\gure 2) conta1n1ng 3 layers of L
Whatman #1 filter paper (7 cm d1a ) and 6 ml distilled

water. (The flask had been fitted with the filter assembly

and metal elosure previously descrlbed and autoclaved before
use.) After the half-seeds were transferred to the flasks,

the flasks were wrapped in'fotl and;COnnected to the air

supply desergped’for incubation at 25 C. i

Incubation of isoiated aleurone layers

| 'A Aleurone layers were prepared by carefully removmg the%’r
',softened endosperm from half seeds that had been 1mb1bed for
72 h. . If any of ‘the half seeds showed visible s1gns of
micrgbial contam1nation. the contents of the flask were
.fdisca?ded _ - |

'Vv“fhe@1ayers were transferred to the appropr1ate cu]ture, ﬁ??
'medlugfaﬁ.pr be1n $Tnsed with sterile dlstilled water. For |
g‘;g;'es;)onse of gibberellic ac1d

./v

; determinﬁng.the do
R
‘,1ncubi!ﬁbn-wzs continuéd”iﬁ 25 ﬂﬂfhulture flasks with metal .

”rclosures The flasks were.épifited on a gyrotary shaker in
v,pjr.... .

a4ggowth eabinet ah.25 C The experlments for ethylene .

controlbwere conducted in the cqlture tubes prev1ously

Jdescribed Each tube or flask contained 10 a1eurone layers

P e

Lo hl
PR R
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suspended 1n 2 ml of test medium.
In all cases, the solution _of gibberellic acid (Grade

111, Sigma Chemical Co., St. Louis, Mo.) in buffer was
' autoclaved in the culture tube or flask ‘lne‘incubation _ '
buffer typically consisted of 20 mM suc01n1c acid, 20 mM I
calc1um chloride, adJusted with sodium hydrox1de to pH 5.5
at 25 C. The: given concentration of gibberellic acid is
- representative of the 1n1t1al value only Some of the «
actiQity may have been destroyed during the autoclaQing “ o
' process, but the consequences of this were minimized by

tautoclav1ng all gibberellic acid solutions under consistent
. and reproduc1ble conditions When the addition of
“?kinhibitors or supplements to the mediugébas required a
ytwo fold concentrated solution oT gibberellic ac1d was ;ﬁ@}!{fﬁ
_,autoclaved in the cultu?e vessel, and a ‘two- -fold - .-ﬁ?ffi;;;s-
‘concentrated sdlution of additive was filter sgerilized
(0. 22 micron membrane Millipore fiiter) and 1ntroduced into
the culture vessel through a sterlle hypodermic needle As
‘a result of the limited solubility in water of o
'N ethyﬂmaleimide (CalBiochem, San Diego. Calif ), a_. | ‘
concentrated stock solution was prepared in 95% ethanol,{and;l
2 max1mum of 0 005 ‘ml of btock solution was added to each -,‘jwf‘
2 ml of incubation medium ,The solutions of casein ;v‘ |
hydrolyzate (ac1d hydrolyzed, V1tam1n free. Difco ; ‘
iLaboratories Inc I Detrowt Mich ) and L tryptophan (Sigma
‘Chemical Co , St Louis. Mo ) were prepared immeduately

'_,befope use when required the final concentrations_cfdy,"



casamino acids and tryptophan in the culture medium were
5 mg/ml and 0.25‘mg/ml respectively. These concentrations
were lower than'those previously used (Ho & Varner, 1978) .
It was necessary to reduce the concentratvon 'of the amino
'mac1d supplement by one -half to ellmlnate foam1ng as the air
bubbled through the incubation medium. /
SaMple preparatton

ﬁgmples of medla were prepared for enzyme assays after
t§e 1solated aleurone layers had been lncubated for an
'appropr1ate QEriod of t1me The or:g1nal culture medium was

U A
-‘;J-G~

”rdecanted into contcal centr'x; e tubes ‘The layers and

- L«;

&

“culture tubes were r1nsed with 2 ml of buffer that conta1ned .

20 mM potassium acetate, 20 -mM calclum chlor1de and had been
) vadju!ted with hydrochlortc acid to pH 5.5 at 25 C. This /
”r1nse buffer was combtned with the medtum and centrtfuged at
‘ 980‘x g for 20 min {centrifuge mode 1 Cl with rotor 221,

~ International Equipment Co., Needham.v Mass.), The

centrtfuge was operated in a cooler matnta1ned at 4 C. The

lesupernatant layer was decanted diluted to 5 ml w1th buffer

. : -;l'uw
“and stored on ice. e

L Extracts from the layers were also prepared The
'clayers were r1nsed agawn w1th 2 ml buffer, which was !

ffdtspanued The 1aYers wene gently blotted dry between —

: ftlter papers then transferred to test tubes (15 cm x 2 5 cm

ﬂTOD) containing 4. 5 ml of the potassium acetate calc1um
‘Enchloride<buffer ‘ The layers were homogenized w1th a
;3Polytron (Kinematica,.Lucerne. Switzerland) Operated at 70%

x e
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of ;ullApower for 80 seconds. During the homogenization
procedure, the samples were cooled in an ice-water slurry.
gThe resulting suspen51on was centr1fuged at 980 x g for
| 20 min as descr1bed above The supernatant layer was -
’deoanted and diluted to 5 ml with buffer - N N
For rout1ne enzyme determ1nat1ons between 0.01 ml1 and
_;0 10 ml of sample was removed and dlluted to 015 mi for the
amylase assay.' The remainder of the sample was pr;;%pitated_ |
(Ta1z & Hon1gman, 1976) w1th 3 volumes of cold 3.9 M ”
ammon ium sulphate (special enzyme grade, Serva
Fewnbiochem1ca He1delberg, w. Germany) and collected by
centr1fugat1on in a, refr1gerated centr1fuge at 2 C (model
I 218 Beckman Instruments Inc., Palo Alto, Calif.). The
samples were spun for 30 min at 15300 Xxg (14000 rpm, model
- JA-20 rotor). The prec1p1tate, after resuspens1on 1h%~1ml
" of the potaSS1um acetate-calcium chloride kuffer and
dialysis, was usedﬁfor deteemination of glucanase-and.'
xylanase. For tHéVXylanase;aSsayl a sample volume of
‘;0 30 ml was normally requ1red whereas for the glucanase
*Iassay. 0. 010 ml was d1luted to 0.30 ml w1th buffer.”
o Separate samples were requ1red for the determwnat1on of
haemoglob1nase act1v1ty The prote1n fractlon that '
'Vprec1p1tated with the add1tion of 4 volumes of cold 3 9 M
ammon1um sulphate was collected by centr1fugat1on at "‘
~*-115300 X g for 30 m1n at ﬁ;C (Bhatty. 1968) The pellet was‘p
| dissolved in 2.5 ml of 0. 05 M»sodtum c1trate adjusted to ‘
‘ApH 3 8 with hydrochloric ac1d (Bhatty, 1968) and. dialyzed
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' I
overnight against the same buffer.

E. Enzyme assays
Amylase assay
| Amylase act1v1t;\was determ1ned by one of two assay

procedures One techn1que was based on the cleavage by
enzymatlc activity of soluble fragments from an 1nsoluble
~chromogenic substrate The method was descr1bed by
" Rinderknecht, Wilding & Haverback (1967), except that the
substrate recommended by them, Remazolbrilliant Blue bound
to starch, was replaced by the same dye covalently bound to
amylose. The latter substrate was a commercially available
wpreparatlon (amylose azure, CalB1ochem, San Diego, Calif ).
.1e assay was evaluated at two substrate concentrat1ons,.
2% (w/v) and 10% (w/v). The second assay method was a
'saccharogen1o-ma$hod u51ng the Nelson copper reagent to
;-‘determine the change in the reducing potent1al ‘of the 'bc
substrate solutton . The proqedure was descr1bed 1n deta1l
by Robyt & Whelan (1968) The substrate (Baker & Adamson
soluble starch powder) was obta1ned from Ntchols Chemlcal
CS., Ltd. (Montreal, P. o ) . \
- - In both 1nstances, the assay cond1t1ons were adJusted -
l to accomodate barley alpha amylase For opt1mal enzyme S
. activrty gpd stabil1ty, the assay buffer contained 20 m¥
."potasslum acetate, 20 mM calc1um chlor1del‘and was adjusted
"--{_;'to pH 5.5 at 25, c mth hydrochloric acid (Greenwood &
}l“MacGregor, 1965) In accordance with earlier '

P j—
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recommendations of the Intermational Union of Bjochemists |
(1965),. the assays were performed at 3Q!C. The,substratelt

and samples were allowed’to equi]ibrate‘at 30 Cnfor a -
minimum of 15 min before the assays were 1n1t1ated

}.D1gest1on of the substrate wasxallowed to proceed for 10 min
before the action of the enzyme was terminated. In all |
cases, “the absorbance of the sample was measured in a

) double-beag‘spectrophotometer (Cary 219, VarianvAssoc.rl

Inc., Palo Alto, Calif.). The reference ’was a z/ero--time
control. in which the substrate and term1nating reagent were
added s1multaneously ‘ _

| . One Unit of amylase activity was defgned as the amount <
" of enzyme requ1red to hydrolyze one microequivalent of . d
glucos1d1c\]inkages:per minute (Internat16hal,Union:of :«.
Biochemists, 1965). For the sascmag'em method-‘, 'the‘ -
converswon to enzyme Unitﬁzwas achieved by comparing the |
absorbance ‘of the sample measured at 520 nm to that of a _f
series of maltose standards Robyt & Whelan,,1968) |
| Giucanase assay - S -

‘ The assay for glucanase activ1ty was performed
-esséht1ally as described by ngz & dones (1970)

;0 1% (w/v) 1am1narin (purum grade. F]uka AG Chemische
,*Fabrlk Buchs, Sw1tzerland) solution was prepared in 20me
potass1umvace\ 20 mM ca1c1um chlor1de adjusted to-pH 5 5
~ at 25 C with b

“in the buffer by 1nmers1ng the flask contal'ﬁf'

drochloric ac1d The subsérate was d1ssolved

A

fsuspens1on of laminarln into b01l1ng water forl5 min Tﬁéf?f}:f

b
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assay was performed at 30 C (International Union of
Biochemists, 1965)| and the incubation time with enzyme was
extended to 60 min. After the final\dilutloh of the sample
_with 5 ml distilled water, the optical density of the sample
" was measured at 520. nm as deseribed above. .

A standard curve relating absorbance to . fl
‘microequlvalents was prepared using a series of maltbse
‘ standq{ds One enzyme Unit was as.deflned_for amylase
activity. o ’ ' '
'Xylanase assay ‘ ‘ '
1L SUbstggte preparation \S?' : B
' Larchwood xylan was obtained from Sigma Chem1cal Co.

(st. ‘Lous,, Ho. | and was purified either by the e thod of
| MacNe1l & Aﬁbershelm descrlbed by Taiz & Honlgman (1976),
‘xby the'more clpssical methog of alkal1ne copper
jprecipitatlon\(dermyn 19553 X In the latter ﬁethod the
;commercial xylan was regarded~as the equivalent of the crude
'_xylanscbta1ned from the f1rst prec1p1tat1on step The‘_; '
'remamder of the purlﬁcahon folloued the published : |
~}procedure B HTE S T |
The degree of purifiCation of the xylan was evaluated

fﬂby paper. chromatography of" the acid hydrolyzate Initfa“Y’fllw

3hydrolysls was achleved with 1 M sulphuric acid (Taiz &
Hon1gmun 1976)‘ however,_slgnlflcant loss of sample
occuhred during,the_preqipttatlon and removal of ulphate

ljolysis reacttons werefif“'h
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“ o : | o R S
| communicationl Five mg of xylan were suspended in § ml 6 N
e formic acid A vacuum of 580 mm of mercury was applied to '
| “the test tube and the neck was' sealed by heating 1n a flame '
.The ampule was immersed in bojling water for 18 to 22 h. At
“”this time, the ‘contents of the ampule were transferred to a'“i“
" larger test tube and taken to dryness under vacuum at 30 C.
The dried samples were stored overnight at 26 C under vacuumi'a
to ensure complete removal of formic ac1d The residue was ‘
~resuspended in 0.5 ml. 60% (v/v) ethanol for paper ‘ |
_chromatography and ‘the entire solution was applied In
-addition 0. 0025 ml of a standard mixture wns |
chromatographed.  The standard contained, in 60% ethanol. B
.g,fo 5% (w/vl each of L- arabinose (CalBiochem San Diego,:._j;i;“-f
.nviCalif ), D= galactose (Matheson, Coleman end Bell n' | =
j,ijinncinati. Dhio) D glucose and - Xylose (Fisher Scientifichﬁf
| i_i Co., Fair Lawn, N. d ) Descending paper chromatography was:;;?‘
: 'if}conducted with the single phase solvent (ethyl feﬁt’ j‘ihd_
5 7:} }acetate pyridine water (12 5: 4, v/v/v))ldescribed by Menzigslffl
e seakins (1969), in preference to the sequential S
:;development suggested by Ray (1963) After develepment
-fi:ugdrs were detected by dlpplng the papers in either the

"alkaline silver oxide reagent iMenzies & Seakins,<1969)'or

‘””’“‘"‘the p-eni_idine (Eastman KodaK Co ochester. Lf‘. H,
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was'eseentially as descrtbed by'feiz~& Hon i gman (1976)‘with_'
only slight rev1s1on The pH of the substrate buffer was
5. 5 As in the other enzyme assays. the assay was conducted
at 30 C. with the enzymatic react1on proceedinq for 60 min.
\"The absorbence was read versus a zero—time control at
520 rm, - g | \

A standard curve was prepared us1ng D- xylose standards

;‘)n'(

“and enzyme act1v1ty calculated as above“"’

i

A

Protease assay ,
| The assay me thod - for proteolyttc activity was that
‘*-rbed by Bhatty (1968) for the determination of

f aemoglob1nase.- The substrate was. prepared as a 1% (w/v) .
,solution of bovtne haemoglobtn (crude bovine haemoglobin '
Jpowder. Type Ir, Sigma Chemical Cp., St, Louis, Mou) in
10.05 M sodium citrate adjusted to pH 3. 8 at 25 c with R
'hydrochloric aciJ .Ihe substrate SOIut1on and a 1 m} .
_aliquot of ‘sample were equilibrat!d at 30 C before the\assay,.'
'beg At time 0 4 m of substrate was pipetted into the

,sample and mixed‘gent!y to- avoid foeming Consistent with fjf-

Fthe recommendations of the International Union of

jaiochemists (1965). the assay' uas performed at 30 c and the o

’.rlengtn ofythe aesay was extended to 120 min to aooamodate L

?the louer emperature than used by Bhatty (196Q) =3 The assanﬁ"77;**




against a reference prepared by adding the trichloroacetic
"acid to an aliquot of sample before the substrate was added s
. The absorbancéﬂwas related- to enzymikUnits through a . dw>§
YQ@.caiibration curve prepared by dissolv1ng 1- tryptophan (Sigma J
Chemical-eo , St. Louis. No. ) ina 1:1 mixture ofﬁcitrate
}vbuffer and trichloroacetic acid solution } One e@?ﬁme Unit. RS
' . was defined as the amouht of enzyme that liberated )
J 1 microequivalent of tryptophan per min at 30 C.
. U EE A ' o
Jgﬁ, Inorganic icn relehse by ber]ey aleurone layers
’Ten aleurone layers were incubated in 2 ml of medium |
. }"hthat contained 0.010 mM gibbereilic acid and 20 mM sodium
| succinate adjusted»té pH ‘5.5 with hydrochloric acid “The
@ﬁit' calcium chloride normaily present in the 1ncubation medium B
- was omitted to permit the estimation of calc1um release from o
R ~ the. isolated aleurone layers. (dones (1§73) has"‘ '
| .demonstrated that calcium chi rrde had-no effect;gg':he
arelease of magnesium or potassium 1ons ‘from aleurone _
llayers ) After 1ncubation at 25, C,f‘r 24 h Jin either |
hydrocarbon~free air or .12; 9 nl/ml efhylene in air, “the ’ o
twlayers were. rinsed twice with deionized glass~distiiled ,ffﬁ;,;f
',Jwater 2 The combined rinse and incubatdon solutions were e

.by centrifugat‘°“\°t 980 X Q for 20 min ;Thg,ff
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W solutions represented ‘the . sanples, and were further diluted

for the analy51s of each ion as requ1red ‘Control sanples
” m.wer'e prepared by mcubating isolated aleurone layers 1n the

absence of gibberellic acid, and background samples, were . ;E’
- L'&u T )

prepared as above but without the addition of al ne

(Yo

'_tt.,ssue All g]assware had been rinsed with hydrochloric

acid or mtric "acid to. reduce contamination by inorganic
D 4

”~1ons | The culture tubes were further rinsed thorougbly with
K deionized glass- distilled water before use.
N S o )

Calcwm magneswm potasswm and sodium were

cmantified using a Varian AA- 4‘75 atomic ’%bsorptidn

“&spect-rophoto%eter Calcwm was analyzed at 422 ‘f nln in
nitrous oxide acétylene reducmg qﬁlam‘e Interference by
les was eliminagted by adding -

-
2006l mg/"l potassium to sanples an o) ‘tandards to supress .

'sodium and’potassium in the. s

iomzation The standard stocR solution was ad‘coumermal
-'preparation of calcwm carbonate in dilute ni tric’acid
lFisher Scientific Co , Fair Lawn N.J. ) Magnesiun was
determined at 285 2 m, with the assistance of a deuterium
continumhlanp Any air acetylene oxidizmg flame was used
and mnoo up/l lanthanum was added to sanples and standards
as a releasing agent Standards were prepared from .
~ ‘magnesium metal" dissolved in dilute nitfic’ acld (Fisv\ |
: ',"'_f.:Scienti}fic Co:’. Fair Lawn N.d. ) Petasstun and sodtun were .

‘3:'f"._““:'v"al”so analyzed.in an air-acﬁtyleneboxidizing flame The n
58810 .5 nm Tines, from the '?’w.‘_:jlathode lanps were
ljr / To sq:press o




E

#v" . / | -","l’,'".. | '. ‘. @ P ) ‘ » -' | ‘ o . u
| 1omzatﬁ7bn and to ehmnate cross interference, 200 mg/l :

pot‘as'e'i"wn was aciieg <|to the sodilin sanples and standards.'

B v

. w'hi& !QDQ,‘ng/]‘\
standaﬁﬁs The staﬂdards for .potasswm and sodium were the R

;"4 was. added to potassmm san'ples and

- chloride-c’lissolved in water (Ftsher §c1entific -Co. ,"
Fair Lawn N. : -

. Phosphate wasﬂdeltemined b)}z"the metvt‘ 1

descrqyed by Fiske & Subbarrpw (1925) and "t

" morganic phospﬁate by Bartfétt (1959) ‘

prepared from a stock so’lutf‘bn of moh asic pote,ssi,ym o [,

‘‘‘‘‘‘

g

flPan A]to:,j‘Cahf )
.G Scanﬁ?ng elec'tron microsoopy _ .
ﬂblate& barley a’leurone layers were dehydrat?, at
3

6% and '

:‘.0 c, through a ser'ies of ethanol solution,s (6.7%
.20, 0%) After 2 h in 20 0% ethanol _the a1eurone,layers N
were removedc and frozen in qu;l freon iractured then |
freeze dried The specimens, mounted on alumi’num studs,
. | were: coated wi th a gold layer '1‘50 to 200 Angstrohs’)‘”‘u'"
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iR o

", was preparodx@r each exper 1meq{k TJie so‘rutién was\cooled

Yy

g_

LI . ‘ . ) . ‘f‘

" HK‘2 Polyacrylamide gel isoelectr'ic focusing

The isoelect'ri’t: 'focusing was performed in gels castm n‘

4

-glass-cylinders: {12 e x-0. 35 cm ID) to yield a gel . 9.5 cm
in, length The ge'ls (T57 5%:.C=2.5%) contamed 7, 31%

acrylamide and 0 LS% N, N m‘etthqu@bi-s acrylamide (Bio- Rad

l("

Laboratories, Ricfuﬂ&d Calif.), s;‘QX (v/v) glycerol,. 2.0% ,'
‘ "ﬁ othS.to7or7

lﬂ m1 pf gel solution gzji
s* K A" N

(w/v)anpholyte (An'pholine pH ‘
“to 10, LKB, Bromma, Swegen)

3 -
on ige aqgﬁ‘eg{a'ssed by applyi‘ng aWacuum@l}mg from an »é_. : 3

lira‘Spira or for at least 15 rmn To polymerize "the gels, FY

. 2 ,
0 Oia ml‘& N N N‘ t‘setramethyl ethylene diamiﬁe"”(Matheson, o
* Coleman and- Bell Cinémnati Ohi‘o) and 0.050 ml 10% (w/v) -.";;,;é"_'

Y
J'*'an'momum persulphate were added The sq@utiOn was gently

' swjrled and degassed for.:1. ‘mip, the -
: pvipet'ted ’into_,‘ o
'water The gels w.re allowed to set overnight at 2&0 before '

e solution was

'-r‘

_' glass, ‘tubes, and overlayed uith distilled

-‘LN..

they were used e ‘ v
| For gels used in imtial experiments. a.t1:1 mixture of"

pH 5 to 7 and 7 to 9’ Ampholmes was used Tﬁels with a lower

'pH range contained a“1:4 mixture of Aupholines w1th pH - f L

ranges 3 5-to 10 and 5 to 7 resp,ectively (O’Farrell 1975)

.,j.In both cases. the electrode corrpartments were filled wi th ‘

ammo acids as. recomnended by Nguyen and |

_4;_fz~Chmnbach (1977) Duri"g focusingaof hial'pﬂ rande!gels,




JE T
0,1 M ethanolamine. The ano‘dic and 4_,.~ bufferd "fog”the
‘«,fwd.and 0,04 M

‘}low pH. range ge]s~were Q.04'M,g‘lu't,a"'n‘i .
| V».hishdine ‘ree base) respectwely in both. cas'es, the

cathod1c buffer was placed on ice and degassed for 30 min
] . .
5 before- focusmg was started

a § "The 1soe1ectric focusmg apparatus had a water jacketed
 Yower reservoir, (Buchler Instruments, Fort Lee, N,J, IR T

| Water at 2 ol was circulated thrbugh the water Jacket durmg
KA focusmg A ﬁuagnetvc st1rr1ng bar. c;rculated the e1ectrode 4
.‘ . buffer w1th1n the lower reser’er irh le (in 20% v/
g' g1yceroI) was appHed to the gel and’ ovemlayed ‘Wi th 0. 022 |
of an aqueous solution coBtainipb 1% (w/v)’ AnphoHne pH T

° to'9, and 5% (v/\ﬂ g‘IYCerol The cathodic buffer was B ;
| 1ntroo€c':ed slowly and the apparatus was- assémble,d A d c. (L@]

‘)ﬁ

\ power suaply (model 3- 1014A’ Buchler lnstruments. Fort Lee, _
.r - N.J. )" supp-hed a potent1al of. 180 volts across the gels fdr- |
| 17 h. "Focusmgnr&s thw contmued at 710 voIts for 0’5 h
and 950 vo]ts for an add1t‘lonal hour After the focusing
. was tgruﬁnated the ge( rods were fnmed‘?ately placed on 1ce
Y to reduce diffhsion Amy]ase act1v1 ty w 1ck:ated by .the ',g.
) starch-iodme method (dacobsen et al ) P‘Fotetns were |
o *’ /located by staimng the gels‘bvernight in Q 94% <(w/v) 3
;j:”- Coomass ie. br1141ant biue*G250 (Sigme- Chemical Co .7;T st
: '_St Lou1s. Mo ) in 3. 5% (w/v) perchloric acid (Reisner, _,"'.?

iNemes p Bucholtz, 1975) | The gels were: then soaked in 7%/

.‘;;.(v/v) acet‘ic acxd for 4 h and desta‘i“" %- l’_(_v/v) acetic

: WA
L
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Bio-Rad Laboratories, Richmond talif.). The pH gradient
was, determmed by placmg the gel on a metal plate

pre cooled to -20° C, and freezmg the-gel. The gel was. cut
into 0.5 cm sect1ons ahd each segment was extracted
overnight 'l 1 0 ml distilled water The sanples were
‘cooled in an ice water bath beforya the pH of the extract was
ﬁetermmed o : e e

N Amylase sanples weye prepared by decantmg the

,;inculaation medium from aleurone layers exposed to
G,

: ’lltc amd ‘The aleurone lgners werv rmsed w1th 1 ml
20-‘mﬁ succ1mc amq 20 n*calmuqﬁ:hbortde adjusted ‘to G
:pFl 5 5 at 25 C w1 th sodlum hydrox1de & The r1nse buffer was gj
addej:l to the. or1gmal .medwm, and the sanp'l‘e was centmfuged |
.uat 980 ‘x g at.4 ¢ for 20 min. The supernatani layer was R
"-collected and placed on 1ce F.our volumes of cold 3.9 M o
:'amnontum sulphate were added slowl@with constant st1rr1ng

The sanples were kept on 1ce for>30 min, then the T
'preqip'itate wasx Qollected by centrifugation at 15300 X g | ~
:(14000 rpm, Beckman rnodel JASQO rotor) 8t 2 C The\ pellet .

-.was df"ssolved in 0. 3 ‘ml buffer and exceqs anmomum sulphate

"‘was removed by gel filt’ration in small centrifuge columns

-

$§esgg bee x ,z.q.Appenqlix) Glyceg;ol and buffer were added to
HESCRADS o i |
: the effluent to obtam a 20% (vﬁv) solutton with respect to ‘®

";Aglycerol,,and a final volumesof 0 5 ml r

"fauples of coloured marker protems were also prepared -




.'A."& . ' : o e o

'the pH drad1ent Chicken egg white conalbum1n (type Il)

“whale skeletal muscle my&‘lbbxn (type II).and human B
"‘haemoglob1n (type IV) - all from Sigma- Chem1cal Co.; f'*'§$g§35
St. Louis, Mo. -'were used at a concenﬂratron of 1 0 mg/ml

Ay

in 20% (v/v) glycerol 0. 100 ml of standard was ali ied to o

'each gel ' All thnee standards were used 1n separate gels

‘-durmg the 1n1tial fdcusmg triai‘s' whereas only chwken égg
2y

: wh1te‘conal§umin wa used ag a standard for low.pH rahge P

wl,

‘ﬁf

'gels used in subsequent expe;iments

- AR

N

o ) .
ey . : . . ~ -. ‘v

2k ""\‘! -l ' 9 . »
'I Protein determina;d

h Prote1n concentrat1ons were e,’ahﬂted by the method of
%‘Sedmak & GroSsberg (?977) u51ng 0, 06% (w/v) Coomass1e r*,mg*

44

brillant biue- G250 (S1gma Chem1ca1 Co 5 'St tou1s. Mo. ) in
3% (w/v) perchlor1c acid Callbration ei\jhe method was o ‘f.
performed u31ng standard solut1ons of bov1ne serum albumln‘;y_
(fractuon V,,S1gma Chem1cal Co., St. Lou1s Mo ). S1nce _f‘:“
colour development depended on the pH of the solution aﬁé'

(Reisﬁer et‘al 1975 Sedmak & Grossberg, 1977) Ihe- | ,
standards and saméﬂes were prepared iﬁ;ﬁpe'same buffered _ f»d

@ /‘ ‘-“\ ‘

solutions

\

nYn g b "'R ‘;v‘
-'v ._,‘.
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AL AP purlfication UL e S

e WY '
o Analys1s of laboratory air @nd the’cdnpresxsed air from

@rrme &lly ava1lable cyl1nders revealed appreclable and

~ viriable cohcentratwng of low molecul’ar we“lght ‘ o

._.‘ “

o ellminahon of other low molecular we1ght hydrocarbons from

4
-

e

y-_

hydrocarbon/s;. viz. methane ethylene and efhane (Flgure 4A)

"Eurrence of these mpurrhes 1n a1r rmxtures” fpr R <,
: ol

'uslons Athough s%me rﬂe‘thods shave been develpped to ‘

d

Sa

exanple,‘ by the usp “of. Purafwl Abeles et al. 1971. sunmary ,
“in Abeles,, 1973) little effort“’l@s been addressed to the

The relatWe eff1c1enc1es of ava1lable pur1ficat1on

‘-methods were evaluated The results are presented in

.?Table I (Methods and Mater1als) Of the three hydrocarbon,s

j *-'j_ﬂjl.-‘cons1dered | methane was found to be ‘the most: pers1stent

4

ntam'lnant an the a1r stream Because methane is less -

"'.ll}’reactwe ‘and more volatvle (boﬁ"ring point -165 C) than

A |

”‘"ethane or ethylene most ox1dat1ve and adsorptw techniques . :

f’a1led to remove methane ef’fectively“"“ i

‘of plant grow«th@ ahd"met"abolﬂsmqnay lead to mborrectu

selectwely retlucexthe conoentra.twn of ethylene“‘ m a1r (for' 4

-0 N

" ‘ Y. E e R 4
the- atmosphere for plant phys‘lologlcal rstu& es. ‘ j

w



metngpe eth*\;b/lené*and ethane wei*e 9 16 nl/m]. o :”

0.020 nl/ml and 0. 420 nl/ml respectivety, in control
;"‘air; (A), whi le that of - carbbn dioxide was’ 1ess than

4 ni/ml. Thene were no detectable hyd::o;arbons in the -
| air that had passed thropgh the hTat zed 2 b
. \catalyst heated to. sso c(8Y, but the coﬁc&htrauon of"-;‘-_i-

carbon dioxide % 1ncreased to 17 n}/mr i e

» .
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' Th1s s1tuation was exémpl1f1ed by a s11ica ge1 trap -
| mp1nta1ned at -86 C (method 4). Immed1ately after the ¥
‘1‘“in1t1al flushjng period of 10 min- (t1me O Table I)ﬁ the =
| trap was reta1n1ng 96. 8% of the methane but after an -
an1tional 30 min, the trap had become totally ineffect1ve
_in this respeot _Nevertheless, both ethylene/and ethane t“.‘
were completely adsorbed from the air stream throughout the T
tr1al - Of the adsorbent traps cons1dered act1vated R
‘cocoanut charcoal, at ~196 c (method 3) was the most

effect1ve with1n the ttme span of these}m‘periments fﬂith{'.

extended use, th1s trap w'h "aleAb' ‘hjeﬁt‘tou(heu‘
'A~a11m1tafxon of a f1n1te bin ty, . ,"’.v' |
‘ In addit1on to the adserpt1on of hydrocarbéns from the
air stream, the . sil1ca gel trap (method 4) also retained |
carbon dtoxide fram the room air in1t1ally confined w1th1n':{'v5
the trap The carbon dioxide was then gradually released
into the. air stream After 70- m1q ofﬁglqshtgg w1th‘earbon
dioxxde free atr, the carbOn d1oxfde concentratwon of the | ‘g~t#
effluent had decltned “From an 1nit1a1 value of 393 ni/ml tos -
9 ni/mi, and. had ndt yet reached equtlibrium Although_;é 5;f1.

retent1on of~earbo diox1de Was observed 1n several

1n§tances, th1s ef}ect was generally more pronounced'ihw'
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systems o L B 'fff? ‘w P _

'.» -Qxygen (bOiling p01nt ~183 C) had a tendency to A

‘f‘condense out of the air stream in adsorbent traps—at'-igs C.
?:is has also been reported by Stephens & Burleson (1967)

J After 10 min, the 6xygen concentratioh of the effluent from e

the activated charcoal trap immersed in liquvd nitrogen had |
declined to 1 4% from the control concentrationﬁof 19, 9%

\.3:

4 LS increased

effectiyely removed ethylene from the air stream with t
exception o¥Lthe methods where sulphuric acidwwas eié er

deposited on silica gel (method 18) N Uhen£QEncentrated\ f_;lw

\

mixed w1th aqueous formeldehyde (methods iO and 1i

A\

*’*‘sulphuric acid originqglyicecommended'by Ueber (195%). was'\b
o replaced by fuming*'ulphuric acid in thiﬁ!ﬁbeoﬁs-j;zjfjfg, SRR




could conpleter remove ethylene from air. This .

contradiction may be the consequence of different surface

area to atr volume ratios aﬁd dtfferent‘ 1n1tiaT amounts /of“
ethylene to be removed from the air.‘v Iodine pentoxide ’
(method 16) oxtdized ethylene and most of the ethané -
consequent reduction of 1odtne pentoxide to mo'feculan : o
iodine. wh’rch was bright red on the sd Tica/ ge‘l could be .
used as an indicator to assess the progressdve Aexheu‘;tfon of :
the trap Also, the extent of the red coﬁur‘.develoonient 1n ? v

~the . 1°diﬂe Dentoxidat trap has: been‘used as 8 quantitgti“ve 5‘”

- indf*catibzwf.‘ the -hydmea";bonfcont.ejﬂt:.'Qf"'a_ r - (Arianymefs - _* o
1957). 4 consistedt 1ymi onhemecmuo 1o

was thewr inabthy to conpletely remove methane

fo
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wi th the cupric onide catalysts. The amoumt of carbon

dioxide produced by the omdation of hydrocarbons should

e - =

»aiso be'considered. The effluent from the platinized” |
asbestos catalyst contained 17 nl/ml carpon dioxide. whereas
_the carbon dioxide concent‘ation of the air supply (Figure |

4 vags Iese‘,than 4 nllml’ ('fho 1ower l,imit of integration f@r
q%::’}‘ "
;-m injection) The amount of. %arbon dioxide produced

on the conceintmsipn of hydroctrbon inpurities in o
M original air supply.,zr S e f"»i’. ‘ ‘;’A‘ a
“The hibh tenperatures required fbr the opera"hon of the s
| t“’-"‘" created a DOtenti Ql source of nitrogen o q\f’
,_;_'v_loxid"e.".,‘.,‘;! < production of nitrogen oxides is under cer;:ain
?v"i“_,"_conditions,jﬁsoci;tediimh&wh tempe

’—"::j..devicevoperated in thc pn&sdnce of"molecular oxynen &nd

'_ -nitroquiu(surkm., 197“ B ‘The niﬁric o,xide formed by this ’
P"oces reir:ts _snohtaheousiy to peruce nitrooen dioxide m
O&m _':""-'-“rich ..v'env‘irwmnt of oonpressed air. : : 1 )

hough: -t‘,jqber\a,’t_urfe\s in _
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nitrogen oxides wére found. These values are at least 3
orders of magnitude less than the congant"aéion of‘nitrogéh
dioxide that has been found to el{cit“a response in plants.
'Proldnged exposure to 500 p1/ml nifrogen dioxide
substantially reduced'grqwth of pinto béans and tomatoes
(Taylor & Eaton, 1966), while acute damage was oBserved onty
at much greater congentrations (Darley, 1971). Moreover,
nitric oxide and nitrogemr* dioxide would be quantitatively
removed from air by absorptfbn in the dilute sodium
hydroxide solution used ih our system for the removal of
carbon dioxide (Burns, 1970). Thus, the potential for the
production of nitrogen oxides does not limit the usefulness
of the comBLstionwtubes for removing hydrocarbons from air.

The relationship between the air flow rate and the
efficiency of a heated catalyst was also investigated. (The
efficiency of any catalytic system is dependent on the ratio
of surface area to air volume, and the maintenance of the
,appropriate} uniform temperature within the catalyst .bed.)
The results obtained with the platinized asbestos at 650 C
are presented in Figure'S. As the flow rate was increased
beyond 200 m1/min, the.cqncentratioh of methane in the
effluent also increased. No ethane or ethylene was detected
up to flow rates of 800 mi/min. The ability of the catalyst
to oxidize methane completely at this hiQh flow rate was g
restored by increasing the oﬁepﬁfing temperature to 800 C
However-, this elevated temperafure Ted tb extensive

deactivation of the platinum datalyst by deplatinization and

s
.



~Figure 5. Relationship between flow rate and ability of ar
heated platinum catalyst (650 c) to oxidize methane in a
contaminated air supply. A detailed description of the
platinum catalyst system is found in Methods and 6/;/_/’
Materials. UndeP,thesé conditions, no ethylene or ethane
were detectable even at 800 ml/min.>f

A
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by the formation of platinum ox%des. In related
experiments, the capacity of the catalytic system was
.readily expanded wiﬁhout the demand for higher operating
temperatures, by enlarging the volume of the heated catalyst
bed. ' | *

One of the principle advantages of the catalytic method
for air purification was the prolonged service life except
where, as noted above, excessively high bperating
temperatures caused a drastic reduction in efficiency within
a 48 h periodf The longevity of tﬁe catalysts at the lower
temperatures has ‘been demonstrated by the continuous
opwration in our laboratory of a platinizéd asbestos
catalyst system %or‘many months without any appreciable
deterioration of the efficiency of the system.

The catalysts tested could be obtained in various
-forms. Platinized catalysts»were available commercially in

‘a range}of concentrations on several different solid support
materials, in the form of granules, pellets, fibres or
powdérs. Simi]ar}y, cupric.oxide could be used in any of
these forms. Pellets offered the least resistance to air
flow, but only at the expense of surface‘srea.

The catalyst systems can be assembled inexpensively. A -
semimicro-combustion furnace was Qsed initially to'provide
stability and flexibility in operating temperatures,
however, all subsequent work»debended on'jnexpensive

refractory half-tubes (Mellen Co., Inc., Penacook,.N.H.) to

provide the necessary temperatures. The lafter wers
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shielded by copper pipe (150 mm x 62 mm 0D) to offer some
insulation value, and to protect the ceramic heating core.
The addition of a rheostat to the circuitry permitted
adequate teé%eratUre regulation. The high temperature
catalyst tubes could therefore be adapted to suit the needs
of most biological systems where a source of’
hydrocarbon-free air was desirable.

Some of the methods suggested by the literature for
removing ethylene from air were not evaluated. Mercuric.
percﬁlorate was commonly used to scrub ethylene from air
(eg. Young; Pratt &‘B%ale. 1952); this method produced
" difficulties attendant to the reagent’s corrosive nature and
to the disposal of heavy metal wastes. Fur thermore, the
efficiency of this method Was more dependent on the degree
of foaming and flow rate than was generally realizéd
(Chandra & Spencer, 1963). Other mercuric salts have been
shown not to interact with saturated hydroCarbons (suhmary
in Nash, 1950).. The slow reaction rates and the amoﬁnt of
ebuipment required for methods utilizing ozone or i-rays

prec luded their general use for plant physiological studies

(Abeles, 1873).

B. Analysis'of disgolved gases

Initial experiments were performed to optimize the two
’analytical procedures of vacuum extraction and gas
stripping. Once the techniques were standardized, the
adequacy of the methods could be eQéluated.
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During the preliminary vacuum extraction runs, the
amount of ethylene recovered was very low. ©Other research
groups have improved the efficiency ?f the vacuum extraction
procedure by designing apparatuses that-allowed repetitive
degassing cycles and refluxing the sahple while under vacuum
(Bayes, Flook & Graham, 1949). " Our simple apparatus (Figure
1L) did not pérmit these operations, so other means of
increasing thé recovery of dissolved gases .were sought.
Figure 6 shows that the introduction of hydrocarbonffree air
(Eastwell et al., 1978) greatly improved the efficiency of
the extraction proceddre. Theidilution of the éxtractgd
gases by the addition of hydrocarbon-free air minimized
errors introduced by variation in withdrawing the extracted
gases from the chamber. It also increased the concentration .
gradient between the hydrocarbons in solution &hd in the. gas
phase above thg sample. The larger gas vollne in the sample
chamber pérmitted more thorough intermixing of the two
phases while the apparatus was agitated. Increasing the
volume of hydrocarbon-free air introduced into‘the'chamber
from 1 m! to 5 ml had no further effecffon the efficiency of.
the method. For all subsequént extractions, 3 ml of
- hydrocarbon-free air were used. Bayes et al. (1849) found .
that larger samples débreasaigthe effectiveness of their
"vacuum extraction apparatus; and additional extraction
cycles were required to obtain quantitativé results.
Therefore, the next parameters considered were the sample

volume and the'durafion of the extraction process. When the



FiQure 6. Effecf of the add‘tion of Hydrocarbon-free_gir on
the efficiency of the vacuum extraction technique. The
sampie éolution. at 25 C;ﬂwas equilibratéd with air
containing 13.0 n1/m! ethylene. Three ml of solution

were analyzed in each instance, and each value is the

mean of three separate runs.
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sample héd been equilibrated with 13.0 nl/ml ethylene,
maximum yield was obtained from small samples (less than

3 ml) after only 1 min of extraction. However, with larger
sample sizes, the repbvery of ethylene from>solﬁtion became
dependent on the leagth of the extraction period (Table 11).
_Increasing the time of the extraction from 3 min to 10 min
increased the fraction of ethylene recovered from the
sample, but extending the length of the extraction period
further to 20 min was of no additional benefit to the
recovery of ethylene. Thérefore, the recovery rate was
dependent on both samplg volume and on extractionmﬁi@gL‘
Both of the parameters had to be standardized to ensure
rebroducible results. All subsequent samples were extracted
for 10 miﬁ, and .the sample size was 3 ml.

The concentrg'ﬁbn of dissolved gas may alter the rate |
of yeéoyery of solute by changing the concentratioﬁ'gbadient
between the liquid sample and the dead air space above it. -
A series of ethylene concentrations between 1.4 nl1/ml and
46.1 n1/ml in air was used to establish the dependency of
the method on solute concén;ration. As demonstrated by
Figure 7: the.response was linear over the range tested, and
yielded a mean recovery of 90%. Thus, the vacuum extraction
method was used with confiQence over this concentration
range, once the extraction time and sample volume had been
fixed.

Variables of the gas stripping method were also

investigated for their effects on the recovery of dissolved
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Table II. Effect of sample size and extraction time on the

recovery of dissolved ethylene by vacuum extraction

Glass distilled water was
at 25 C. The extraction was perfo
a vacuum of 508 mm mercury for the indicated time.
hydrocarbon-free air were introduced
Each value is the mean of 3 determina

e

Three ml of
to aid the extraction process.
tions.
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equilibrated with 13.0 n1/ml ethylene
rmed with gentle agitation, and under

Sample Theoretical

Ethylene Recobery

Size - Yield 3 min Extraction 10 min Extraction
(m1) (n1) (n1) (%) (n1) (%)
o 1.56 1.43 92 1.42 92
(‘ { o
3 4.64 4.15 . 89 4.12 89
5 7.74 6.18 80 6.52 84
10 15.48 11.00 n 12.69 82
20 30.96 18.10 58 22.35 72




Figure 7. Efféct of ethylene concentration on the relative
amounts of ethylén_e recovered from solution by gas
stripping (®) and vacuum extraction (O) techniques. The
‘'sample volume was 3 ml in each case, and the broken line

ihdicates the theoretical amounts expected as calculated
by Henry's Law. l
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gases. The influence of the flow rate of égnrier gas on the
efficieney of tﬁe technque was eaplored for flow rates
,nanging.from.40,nl/min to IQO/mI/mint\,The‘qu chromatograph '
was recalibrated at each flow ratg. The results, presented
in Table I1I, indicated that the recovery decreased as the
flow r;te incneased.‘ Although the recovery of dissolved
ethylene was superior at 40 m1/min, the resolution between
ethane and ethylene deferiorated, and the peaks became
relatively diffuse at this lower flow rate. This would /
7affect measurements at low ethyiene concentrations. and when
other hydrocarbons were present in the sample. For all‘
succeeding experiments, a flow rate of 60 mi/min helium was
" used. | '
' The efficiency of the gas stripptng technigue was
e@aluated with differenf sample volumes. For sample sizes
ranging from 1 to 5 ml, the sample vo lume had no consistent
influence .on the recqvery of ethylene from solution, and the
extraction efflciency var1ed from 84% to 92% (Table IV).
Because the sample was 12jected white there was no flow of
carrier gas, increasing the volume to 5 ml did not lead to
the @reater dilution of the sample in the carrier gas that
had been previously noted (Swinnerton et al., beZ).
However, the volume of the sample that could be analyzed was
limited. The use of an enlarged cuvette that could '
accommodate up to 10 ml of liquad resulted in severe <
deter foration in the quality of, the chromatograms. a l though

the‘broportion-of ethylene-recovered from the,sample

o
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o Tap]gfﬁﬁi. §ffeé£ of,céfrjei gésifldw rate on the extraction
.. of dissolved ethylene by the gas stripping method

Glass distilled water at 25 C was equilibrated with 13.0 n1/ml

‘Jfgéthylene.‘ Three ml of aqueous sample were analyzed at the appropriater
. flow rate of helium. : Each value is the mean of 3 determinations.

CafriervGaﬁ_Flow Rate - Amount of Ethylene Recovered
(m1/min) | . (n1) |
B 40 - 4.7 @
RED g T
et 60 . © 4.54
PR S - 4.50
: 'éj1100 . 4.30
L] t \"E“&' C . N




Table IV." Effect of sample size on the analysts of dissolved
ethylene by the gas stripping method

Glass distilled water at 25 C was equilibrated with 13.0 nl/ml
ethylene, and samples were analyzed by the gas stripping method. Each
value represents the mean.of 3 analyses. The carrier gas flow rate
was 60 ml/min. : )

Sample Size Theoretical Yield Yield % Récovery
(m1) - (m) (n1)
1 .55 1.30 - 84
2 3.09 2.75 089
.3 4.64 4,26 - 92
4 6.19 5.40 87
5 7.73 -~ 7.05 | 91
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remained consistent with the values obtained for the 5 ml
cuvette. The sample size limitation imposed by this
technqiue has been averted by Swinnerton & Linnenbom (1967):
The stripped gases were first passed through a cold ’
collection trap, and the stripped gases were subsequently
'reléased onto the analytical column by heating the
collection trap.

The efficiency of the gas stripping as a function of
sample concentration was also investigated. Throughout the
range of ethylene concentration used, the fraction of
ethylene recovered from solution was independent qf‘the
ethylene concentration (Figure 7). As was the case for the
vacuum extraction technique, the mean yield was 90% of the
value suggested by Henry's Law.

As a further comparison of the analysis proCédures, a
much lower concentration of ethylene was Qéed. When the
concentration of ethylene in air was reduced to 0.20 nl/mi
(this represents a concentration of 0.024 ni/ml in
solution), neither method was adequate for samples less than
5 ml.. When the sample volume was increased to 10 ml,
however , suf%icient ethylene Qgs recovered from the sample
by vacuum extra&tion to permit accurate analysis. Once
again, theApeaKs obtained through the gas stripping
technique”with the 10 m1 samples were unsatisfactory-for the
gas chromatographic determination of etﬁylene.
For botH methods, control»runs were also performed, ’

using samples that had been equilibrated with
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hydrocarbon~freé'air: No ethylene .ould be detected, and
indicated that the analytical methods would not contribute
any ethylene to the sample. '

Special precautions Qere required when the gas
stripping meghod was ﬁsed* Certain solutions tended to foam
during this procedure. In experiments with dilute bovine
serum albumin solutions, the préglem was readily overcome by
the addition of a drop of Antifoam B (J.T7. Baker Chemical
Co., Phillipsburg, N.J.). As an extra precaution; a sample
line filter was desirable to prevent pérticu]ates and mists
from entering the analytical column.

"The method of analysis also affected the performapce of
the gas chromatograph. The gas stripping method yielded*
broader, more asymmetrical peaks than those obtained through
vacuum extraction. This decreased the precision of the
technique for low concentrations of dissolved gases. The
selection of the analytical column was also critical when
either of these methods were used. Preliminary experiments
using the alumina column resulted in problems such as
baseline drift, ghost peaks and changing retention times
because of the excessive moisture adsorbed on the column,
partiéularly during the gas stripping procedure. 'Althougﬁ
‘,heating\tbe column between analyses for a few minutes |
reduced these difficulties, the column had to be
reconditioned overnight after a few runs. The Porapak Q

column performed much better under these operating

conditions, and the short heating cycle of 5 min between

~
o
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runs was adequate to yield reproducible chfématograms
despite continuous use.

Although both methods of analysis per formed equally
well in terms_bf eihylene recovery, the technique selected
for routine analyéis was the vacuum extraction method. A1l
of the problems related to liquid entering the column dﬁring
gas stripping were avoided with vacuum extraction since the
liquid samﬁle handling Was done away from the gas
chromatograph. Also, this technique yielded relatively
better peaks regardless of the column being uséd. Analysis
was restricted to the Porépak Q column, however, for the
reasons stated above.

Alternate methods of analysis of dissolved gases are
available, of which, direct liquid injections and head space
measurements are the most commonly employed techniques.
Direct liquid injections require ' the use of a fractionator
tube to reduce the amount of moisture entering the -
analytical column {McAuliffe, 1966). The small'saméle size
(0.050 m1) accomodated by his fractionator Timits the
“overall sensitivity of the technique. Laréer volumes
created technical difficulties such as reduced flow rate of
carrier gés as a consequeﬁce of excess water in the
fractfonator tube. Even with small liquid injections, the
fractionator required frequent repacking (McAuliffe, 1966).
In the absence of the fract;bnator tube, the adsorption
packings commonly used for the separation of low molecularw

weight hydrocarbons require lengthy heating cycles .to
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adequately expel the accumulated moisture from the column,
and their effectiveness may be irreversibly impaired‘by
frequent liquid injections. Head space analysis is very
similar to the vacuum extraction technique,” in that liquid
samples are injected into sealed flasks, ahd the dissolved
gases are extracted by vigorous shaking (for example, Smith
& Restall, 1972). Ultimately, however, only a fraction of
: tHe extracted gas is injected onto the analytical column,
resulting in reduced sensitivity.

The presence of proteins (Battino & Cleyer, 1966 ;
Wishnia, 1962), salts and other solutes (Battino & Clever,
1966) seriously.affects the solubility of gases in water.
‘Although tgﬁles of Henry's Law.constants are available for
many simple salt solutions, it is very difficult to estimate
solubilities for complex solutions.‘ Often, the solutions
encountered in biological studies are of unknown |
composition; inorganic ion; and a variety of macromolecules
released by the tissue affect the solubility of gases in the
surrounding medium. In these situations, it is necessary to
~determine the solubiii?y of gases experimentally.

@ It has been demoné%rated that isolated aleurone layers
from barley release inoﬁganic ions (Jones, 1973) and protein
(Melcher & Varner, 1971) in response to gibberellic acid.
The presence of thesg'solutes in tHe medium alters the
solubi{jty of ethylene in the medium, and hence changes the

concentration of dissolved ethylene during treatment of the

aJeUrone layers. To investigate phis possibility,
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15 aleurone layers were 3ncubated in 3¥n1 of incubation
buffer containing 0.010 mM gibberellic %cid. After 48 h at
25 C, the medium was cleared by centrifdbation at 980 x g
for 20'min. and the supernatant layer wae~equilibrated with‘
17.4 nl/ml ethyiene by bubbling the gas mixture through the
solutibnv For comparison, water and a sample of fresh
medium were equ1librated with the same gas mixture. The
solutions were maintained at 25 C, and the dissolved
ethylene was determined in 3 samples of each solution. In
order to permit comparison of these values, it was necessary
to assume that the viscosity of the aqueous solution had not
varied s1gn1f1cantly Viscosity of the sample has been
shown to influence the recovery J‘lessolved gases by vacuum
extraction (Bayes et al., 1948). .The results indicated that
the solubility of ethylene in the buffer did decline during
the incubation period (Table V). However, the reduction 3n
dissolved ethylene concentration represented less than 4% of
the total ethylene dissolved in the fresh medium.

Consequent ly, the chaqge in the composition of the

incubation medium would not affect the interpretation of the

results obtained for most ethylene concentrations.

C. Gassing apparatus

The two gassing apparatuses were designed and
constructed with the intention of incubating barley  ° .
half-seeds and isolated aleurone layers in environments that;

were carefully controlled with respect to the composition of
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Table V. Solubility of ethylene in aqueous media

Solvents were equilibrated with 17.4 n1/ml ethylene at 25 C.
"The medium was 20 mM sodium succinate buffer (pH 5.5§ containing

20 mM calcium chloride and 0.010 mM gibberellic acid. "Used medium"
was prepared by -incubating 15 aleurone layers in 3 ml of medium at 25 C
for 48 h, The dissolved ethylene was determined by vacuum extraction
of 3 samples of 3 ml each, followed by gas chromatography.

Solvent , Dissolved Ethylene Henry's Law Constant
(n1/m1) (mm Hg/mole fraction)
(x 1075)
Water - 1.93 8.67%
Medium (Fresh) v 1.87 ' 9.00
Medium (Used) - 1.79 - 9.40

a literature value from Daniels & Alberty (1966).

~
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thé atmosphere surrounding the tissue. As indicated in
Methods and Materials, these systems relied on heated
platinum catalysts to purify an air stream before the sample
i§ exposed to the air. Analysis by gas chromatography
showed that the air for both of the flow through systems was
hydrocarbon-free. although they differed significantly with
respect to carbon-dioxide content. For the initial 72 h
incubation period for half-seeds, the on site comb;essed air
line served as the source of air. Consequgnt1y, the carbon
dioxide concentration remained similar”to/normal atmospheric
levelg (330 n1/m1). The mean carbon dioxide concentration
found in the hydrocarbon-free air was 350 ni/ml. In
contrast, the air for the treatment of isolated aleurone
layers was from commercial compressed air cylinders. The
carbon dioxide concentration from this source was greatly
reduced éompared to normal environmental levels (Figure 4).’
Any residual carbon dioxide, and carbon dioxide produced by
the combustion tubes was removed by passing the air through
a 5% (w/v) sudium hydroxide solution. Hydrocarbons and
carbon diéxide were undetectable‘in the final air product as
indicated by.gas chromatography (Figure 8). It was
desirable to have a carbon dioxide-free environment during
the ethylene treatment as carbon dioxide served as an
inhibitor of ethylene action in other tissues (Abeles, 1973;
Kang et al., 1967; Keys et al., 1975).

A mechanism was- required to introduce minute quantities

of ethy]ené into the air stream to produce a mixture that



Figure 8. Gas chromatograms t1lustrating the composition of
the air, with respect to low molecular weight
hydrocarbons and carbon dioxide, modified for the
incubation of isolated barley aleurone layers.
Chromatograms were produced from 3 ml injections of air
containing 13, 0 n1/ml ethylene (A) and of control air
(B). The recorder was operated at maximum sensitivity to
aid in the detection of trace contaminants. The
apparatus is described in the téxt, and the retention
times for methane, carbon dioxide, ethylene and ethane

are the same as in Figure 4.
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was stable with respect to ethylene concentration over an
extended period of time. Jhis waskaccomplished in the past
by means of a variety of apparatuses including mariotte
bottles (Pratt et al., 1960), constant pressure devices
{Roberts, 1951) or Qgrmeation tubes (0'Keeffe & Ortman,
1966). A1l of these methods are sensitive to temperature
fluctuations, and all but the latter techn{que are affected
by atmospheric préssure. A simpler metering system was
devised, starting wiih a diluted mixture of ethyfene in air,
and using fine glass capillary tub{ﬁg to Help restrict and
maintain the flow of gases. Although the flow of gaseé
through capillary tubing is a]sq temperature dependént, the
effect of temperature'fluctuatibn was far less severe than
the pressure changes that a similar temperature change would
induce‘in the reservoirs of gas employed in the other
metering systems. Use of the combination of various lengths
of capillary tubing and the low range pressure regulator
allowed the ethylene-air mixture to be introduced into the
air stream to produce a wide range of final ethylene
concentrations. In the current experiments, ethylene.
concentrations spanning the range from 0.037 nl1/ml to

115 n1/ml were readily attained. Moreover, once equilibrium
had been reached (approximatély 1 h), the concentration of
ethyleﬁe in the mixture was very stable.‘ Dubing the course
of'experimentation at 12.8 nl1/ml, the variance in measured
ethylene conceﬁtration was less thaﬁ 1.2 n1/ml over a 100

day period. Thus; this apparatus allowed the -reparation of
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well defined ethylene mixtures that remained-éﬁs};nt
throughout individual experiments. /

The addif%on of ethylené to the air sfream muét not>
'~contributg other hydrocarbons and contaminants to the air.
Commercial grade ethylene typfcally contained impurities
that included: 7 n1/m) acetylene, 50 n1/ml hydrogen,

200 n1/ml propane, 200 n1/ml1 methane and 2500 nl1/m} ethane
(analysis courtesy of Canadian Liquid Air, Edmonton,
Alberta). Recently, a gas chromatograpﬁic method for the
purification of '4C-labelled ethyleﬁe has appeared (Beyer,
18975). However, once the'ethylene-has been purified by tHis
method or any.other method, it must be added to the air
stream in very small but carefully rééulated amounts. This
uéually requires the\employment of the more elaborate
metering systems cited'above. The use of a dilute
commercial mixture as,thé source of ethylene eliminated the
need for complex apparatus. To avoid the contaminants found
in coqmercial grade air (Figure 4) and ethylene, mixtures of
either 113 n1/ml or 219 ni/ml research grade ethylene in
ultra zero air were purchased (Matheson éf Canada Ltd.,
whifby. Ont.). When these mixtures were further diluted
with hydroparbon-free air to yield the appropriate ethylene
concentrations, no hydrocarbons other than ethylene

(Figure 8) were\deteéted in the samples (the limit of
detection was 0.05 ng of each hydrocarbon in the 3 ml
samples). Thus, no further purificaf{on of ethylene was

required to achieve the desired level of purity for these



105

studies.

The remainder of the ga; mixing system required careful
planning asrwell. The materials used in»constructing
equipment for plant physiological studies should be chosen
cautiously. Plastics and rubbers are Known to release
ethylene, particularly when exposed to heat or light.'
Common sealants have algo been found to releasg substantial
amounts of hydrocarbons (Bassi & Spehfer, 1979). Therefore,
to prevent contamination\gf the air stream, the entire
system, including tubing and unions, was constructe§ of
glass, metal or teflon. Consequently, no extraneous
hydrocarbons were found in the air of the culturé tubes

(Figure 8).

D. Enzyme as#ays
Amy lase assa&

The determination of a;§lase is of great importance for
both industrial and clinical applications. For this reason,
. a wide variéty of assay procedures has been developed. _
Héd;ver.each mgthod is subject to limitations dependent on
the nature of the material.to be assayed. Therefore, the -

: mbst‘suitab}e assay procedure for the present investigation ‘
was not inmediately evident, and preliminary explor;tion‘of ’
the methods was required. Searcy, Wilding & Berk (1967) -
. summar ized the classical methods of amylase determination
with respect to accuracy and reliability. Of the approaches

"evaluated.by them, which includgd,the viscosimetrigc,

’ :
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turbidimetric, amxloclgslic‘éhd saccharogenic methods, the
determiﬁation of reducingssudgars with the
3;5-dinitrosa1i¢ylic acid reagent offered the greatest
seﬁsitivity and relative freedom from interferences. This
concfusién wés latervﬁupported by Hall et aY: (18970). The -
general application of thi; method was restricted by
limitations o£ the technique. It was observed'that the
coiorimetric response of the reagent was dépendent on the

- chain iength of the dextrin bearing the reducing terminal
(Robyt & Whelan, 1965). As the degrée of polymerization
iﬁcreaséd, sq'did the extent of colour development in
response to an equivalent number of reducing terminals’

This aberration was rectified by the introduction of the
Nelson cobper}reagent (Nelson,'1944); However, beééuse both
of, these assayjébocedures measure the appearance of reducing
sugars in solution, the saccharogenic methods were also'very
_sensitive to cdntaminating reducing groups found in the
sample (Hall et al., 1970) and substrate (Strumeyer, 1967);1
éeveral other substances have been shown to interfere with
determinatidn of reducing potential. These matérialsvl
include amino acids, salts and chelétj&é agents (Briggs.

1967). |
> qInﬂan'effort fo avoid thé:interferences inhérent with
the sacéhafogenic assay, aunumberoof.artificial»sdbstrates
have been developed; _The méjority'of these are either
chromogenic moieties.covalently bound to an insoluble
polysaccharide (Kletn, Foreman & Searcy. 1869; Rinderknecht

/»v ' ) . ) i

-~
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et al., 1967) or a dyed soluble polysaccharide that was
ultimatel; rendered insoluble by the addition of solvents
after incubating the substrate with the enzyme solution
(Sax, Bridgwater & Moore, 1971). The release of soluble
'fragments from the dyed éubstrate was not a direct measure
of enzyme activity, however, since the fur ther hydrolysis by
amylase of a solubilized fragment wquld not be reflected in
the final measurement of the solublz dyed material. In
addition, the solubilities of these fragments were §ensitive
ito other solutes in the sample (Sax et al., 1971). and
‘ureduced the reliability of th? methods if samples of diverse
composition were encountered. Under controlled conditions,
howéver. the assays employing chromogenic substrates
responded linearily to eanzyme concentration (Klein et al.:
1969; Rinderknecht et al., 1967; Sax et al., 1871).

Of all the possibilities considered, the Nelson
photometric determination of reducing sugars as described by
Robyt 8 Whelan (1968): and the solubilization of a dyed
derivative of amylose (Rindgrknecht et al., 1967) offéred
the most promisfng methods. In 6rder to establish the
-sUitability éf each of these two assay proceduhes, their
response to amylase prepared from barley aleurone layers
(Appendix) was cohpargd. Tﬁéfassay buffer -and the
temperature were the same for each assay.

In the absence of substrate and enzyme, the response of
the NelsonAcopper réagent to standard maltose sélutions

remained linear up to an absorbance of 0.989, or 2.92 mM |

—
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-meltose. The Nelson copper determinetion of amylase activity
yielded a stgaighf response that paesed through the origin
but remained linear only to an absorbance of 0.767 at 520 nm
(Figure 9). This corresponded to an enzyme concentrat1on of
0.48 Units/ml. The upper limit on the enzyme assay may have
been imposed' by eit?er the depletion of suitable substrate
during the assay period, or the total consumption of
reagents during the subsequent analysis of reduc}ng
terminals. The marginal background abserbance (only 0.028)
that resulted from the inclusion of the starch substrate
could not account for the reduction inethe-useable;range of
the Nelson copper_method. Strumeyer (13967) found/fhat the
reducing terminels of the starch substrate led to elevated
absorbance by_blenks, thereby suppressing the range of the
assay by expending the arsenomolybdate reaéent. Buty since
the assay remained linear over a sufficient range of enzyme
concentrations, the pfelim4nary reduction of the substrate h
by sodium borohydride (Strumeyer, 1967) was not pursued.

The ahylose-azure assay created a two-phase curve,
(Figure 10), similar to that obtained by Rinderknecht et
al. (1967). According to the original publication, the
Tower regfon exhibited a linear relationship between
absofbance at 595 nm and enzyme concentratien, The final
absorbance of the aesay performed under the preeent
conditions was too low to offer reliable results below
0.2 Units/ml. Above 0.5 Units/ml, the assay remained linear

up to 3.0 Units/ml, producing,ahoébsorbance of 0.323 at the



Figure 9. The linearity of the saccharogenic assay with
respect to amylase activity. Nelson copper reagent was
used to determine the increase in the reducing potential
of the substrate solution in response to enzyme

activity. Assay conditions are as given in Methods and

‘Materials. _ .
Q
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Figure 10. Relationship of amylase.assay results to enzyme
- activity using an insoluble chromogenic substrate. The
quanitity of SUbStrate solubilized was dependent on
enzyme concentration. The substrate qpncentration 1e
2% (w/v) and the assay conditions are. specified in

Methods and Materials.
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upper limit. Névertheless, the overall sensitivity of this
assay did not compare favourably with the Nelson copper
‘assay. Since assays Qsing insoluble substrates depend on
high substrate concengration to - overcome the insensitivity
of the methods (Sax et \al., 1971), the substrate
concentration was incre‘§ed from the original value of 2%
(w/v) to 10% (w/v). Thi; produced a uniform enhancement of
absorbance by a fa&tor of 12.8, but the sensitivity of the
assay was still below that attained by the Nelson copper
assay. The elevated substrate concentration did not improve
the linearity of the assay. Increasing the length of the
assay was not féasible at either concentration of substrate
because the rate of solubilizafion decreased sharply after
the initial 10 min (Figure j1). This indicated a deviation
ffom the iero-order Kinetics preferred for.enzyme assays.
The stratification of substraté concentration within the
sémble during the assay beriod (Hall et al., 1970) may have
brevented the increased subétrate concentration from
extending the period of time during wHich the rate of
lAsubstrate solubilization was constant.

On the basis of'these obseﬁvations,‘the Nelson copber
reducing value method_apbeared to be superior for the |
determination 6fiamylase activityﬁﬂ However, the possible
interferenceAby several cel]ular constituents réquired
further consideration. The‘pétential effect of proteins on

amylase activity and on amylasevéssays has been revealed

(Bernfeld, Berkely & Bieber, 1965; 0'Donnell & McGeeney,



Figure 11. Effect of substrate concentration on the time
course and sensitivity of the‘amylase assay. Enzyme
activ{ty was determined with the use of the insoluble
substhafe. Amylose Azure, at 2% w/Q (O) and at 10% w/v
(@). Other assay conditions are presented in Methods and

Materials.
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1974). Purified barley amylase was assayed by'the‘Nelson
copper method in the presence of various cgncentrations of
bovine serum albumin. The addition of inert protein .
prodUéed an increase in apparent activity of up to 56% at
0.120 mg/ml bovine serum albumin (Figure 12). The effects
of the protein on amylase activity and on the response of
the Nelson copper assay were differentiated by measuring the
absorbance produced by maltose standards in the presence of
the same range of protein concentrations. The concentration
of maltose was adjusted to approximate the concentration of
reducing equivalents released by the enz&me during the assay
period. As evident ffom Figure 12, protein had very little
effect on the colour development in respoh;é to maltose. \//;\
Therefore, the enhanced respbnse of the assay to amylase was
likely an effect of'{he activity’of the enzyme rather than
interference with the normal colour development in response.
to reducing sugar terminals. Although the original Nelson
copper method for the determination of serum glucose used
zinc sulphate and barium hydroxide to deproteinize thé
sampié (Nelson, 1944), Henry & Chiamori (1960) found that
the omission of the protein precipitation had no effect on
the absorbance produced by various samples. At very high
protein concentrations, some turbidity was noted but no
effect on colour development was detected. These
observations by Henry % Chiamori (1960) are corroborated by
the data in Figure 12. Moreover, the enhancement of amylase

activity by protein has been observed with amylases from



Figﬁre 12. Effect of inert protein on the determination of
| amylase activity by the Neron copper assay. Bovine

serum albumin was added either to maltose standards (O)

or during the assay of amylase activity (®). Each -
aliquot of partiélly purified émylase contained

69 mUnits of activity and 0.001 mg protein, and the
'maltose standards contained 730 nmole maltose. The

absorbances‘of the amylase assay and maltose standaraﬁ\

without -added protein were'0.228 and 0.205 respectively.\

<
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various sources. Bernfeld et al. (1965) found that 5 mg/m]l
bovine serum albumin or ovalbumin increased the apparent
activity of porcine pancreatic amylase in Very dilute
solutions. The addition of inert proteins prevented the
loss of specific activity upon dilution of the enzyme to
1 ng/mlf and Bernfeld et al. (1965) presumed that the inert
proteins had prevented the_ reversible denatqratfen of the
amylase. O0’'Donnell & McGeeney (1974) showed that a number
of proteins stimulated the activity of canine pancreat1c
amylase by up to 32%. This effect was observed at a
relatively h1gh enzyme concentrat1on (26 ng/ml) so. the
mechanism may have been distinct from the dilution effects
observed by Bernfeld et al. (1965). 1In their study of .
bariey malt alpha-amylase, Greenwood &JMacGregor (1965)
found that the addition of inert barley malt prqteins to -
amy lase SOlutions stabilized the enzyme preparation over a
wide range of pH, but no direct stimulation of act1v1ty wasv
reported )

| In reference to the current study, samples of medium
and extract prepared for the determlnatwon of amy lase |
activity routinely contained 900 ng/ml! and 400-ng/ml prctein
respectively Inspecilon of Figure 12 indicated that these
very Tow prote1n concentrations would have minimal effect on .
the determ1nat1on of amylase by the saccharogenwc method

Samples of bto]og1cal origin may also contain che]at1ng

- agents and reducing agents that alter the colour yield
© during the determination of reducing sugars (Briggs, 1967; ,
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Hall et al., 1970). To e.amine this potential source of
error, samples-of medium and extract_from barley aleurone
layers ‘were autoclaved, then centrifugedfto remove the fine
precipitate that formed. Portions of these solutions were

. added to samples of partially purifiedlamylase. and the
enzyme activities were determined. .Atthough the addition of
the autoclaved solutions elevated the background absorbance
by values in the order of 0.01, they had no affect on the
apparent activity of amylase, provided that a separate
zero-time blank was prepared for each sample. | The necessity
for individual blanks may have 11m1ted the acceptance of

- this assay in clinical app11cat1ons, but did not restrict
the use of the Nelson copper reducing value assay for |
-present research. This assay was#adopted for all subsequent
amylase determinattons. . |

Xylanase assay |

1. SUbStrate preparation.

The repeated d1alys1s steps requ1red for the
purification bf xylan by the method of McNeil & Albershe1m
(Taiz & Hon1gman. 1976) were found to be very time consumlng.
for the product1onvof sufficient xylan. An alternate me thod
was sought that would yield larger amounts of product. in a
'relativély short per iod of time;‘the,precipttation of xylan
' byqalka1ine copper proved to beuvery effective tdermyh,

1955) . Paper chromatography ‘of hydrolysis products
indicated that both techniques’ reduced contam1nat1on of

© xylan by other carbohydrates and~the1r der1vat1ves
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* (Figure 13). (For the purposes of this experiment, the use
of p-anisidine-phthalic acid detection reagent s superior
to the alkaline silver oxide reégent. Altég:;;gTE} latter
was more sensitive, it did not offer any coloﬁr |
differentiation among the types of carbohydrates
encountered, whereas p-aﬁisidine-phthalic acid did.) .A
‘major constituent in all xylan samples was'a‘hydrolysis_“
product. with a low Rg-value. (Rg-value is the distance that
a componenf has migrated relative to glucose.) The brown
colour pnoduced with this product in response to the
p-anisidine-phthalic acid reagent and the low Rg are -
characteristic of‘uronic acids. This component of xylan is
likely the 4-0-methyl-glucuronic acid found by Aspinall &
McKay (1958) in larchwood xylan. Other components of Tow
Rg-va]ué also appeared in the hydrolyzate, but were not-
identified.-wyhen the standard sugars were subjeéted to the
hydrolysis cdhditiéns and the-products chromatographed, fhe
unKnowﬁ constituents of low Rg-value were absent, suggesfing
that they were not artifacts of the'hydrolysis procedure.
. When dupl1cate xylanase samp]es were assayed using the
xylan pur1f1ed by either: method the results were 1dent1ca1.“
In l1ght of the ease of preparation by alkaline copper
precipitation, the method of Jermyn (1955) was used fpr the
purifiéation of xylan required for all successive kylanagé
aSsays. o -

%2.~ Xylanase assay.

" The xylanase assay, as used for these investigatibns.
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STD A B C

Figure 13. Paper chromatogrgﬁS"of the products of xylan
hydrofysis with 6 N formic acid. The sténdard (STD)
consisted of 0.013 mg each of (from tob) Xylosef
arabinose, glucose and galactose. The samples were the
hydrolysis produc}s of 5 mg crude‘commercial xylan (A),
or commgrcial xylan purified by the methods described by

Taiz & anigman, 1976 (B) or by Jermyn, 1955 (C).

'
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was linear up to an enzyme concentration of 33 mUnits/ml.
This corresponded to an absdrbance of 0.62 'at 520 nm. Since
xylan forms an insoluble complex w{th‘copper in alkaline
solutions (Jermyn, 1855), it was thought that the presence
of the substrate in samples might affect the determination
of redqcing potential by the Nelson copper method. However,
the addition of xylan solution to xylose standards produced
no change in the absorbance of standards against reference
solutions containing the equivalent émount of xylan.
Glucanase assay | -

As‘waS’the case for. the Xy lanase assay, the giucanase
assay was linear to an enzyme'doncentration of 33 mUnits/ml.
At th{s levei of enzyme activity, the absorbance was 0.53 at
520 nm.

Protease assay.

The protease assay was linear over the entire range of
enzyme concentration ‘tested. The maximum enzyme |
concéntration considered, 5.8 mUnits/ml, yielded an
ébsofbahce value of 0.41 at 280 nm. This level of activity

‘was never exceeded by samples prepared for routine analysis.

E. Tfssue preparation

In ohdér fo avoid the necessity of addition of
antibiotigé to the incubation medium, particular care was
used'to’éxciude microbial contamination from the tissue
prebarations. DUPing prelimingry,expefiments,'it'was found

thatLthé common sterilization practice of soaking half-seeds
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in 1% sodium hypochlorite for 20 min (Chrispeels & Varner,
1967 ) was not sufficient to'prevenf microbial growth on the
'half-geeds. HoweQer, adequate control of bacterfal and
fungal infections was attaihed by rinsing the half-seeds in
75% ethanol followed by sterilization in undiluted
commercial bleach as described in Methods and Materials.

The concentration of total available ch}orine in the bleach
was found to be 4%. Monitoring the concentration of
available chlorine .in the rinsing solutions revealed that 5
rinses with 25 ml glass distilled deionized water were
required to reduce the chlorine concentration to 1.2 mg/1.
Preparéd'in this manner, microbial contaminatioh of
half-seeds was kept to a minimum. Periodically, flasks
éontaining ha]f—séeds were retained for extended peribds of
“time td allow_mjcrobial.cohtamjnations to become more easily
detected. If no contamination could be observed after the
normal 72 h incubation period, no contamination was ever
observed in flasks with}n‘the éucceeding four days. This
offered a means of eliminating confaminated half-seeds
before isolated aleuroné<Tayérs were prebared. In-spite of
theSe precautions, -however, microbial contamfnatidns
bccasiona]ly developed during thé.incubation-OF aleurone
layers. In the buffered incubation medium, the infection
developed very quickly and‘contéﬁinaﬁfon was readily'v \
apparent within the firét 24 h. - Such sémples were i
discarded. If no symptoms deQeloped'during the'initiél é4 h

period, the samples of isolated Barley aleurone layers
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typically remained free of any detectable contamination for
the remainder Qf the_ﬁncubation_periéd.

The introduction of an ai;‘flow through the flasks
containing thevhalf-seeds greatly reduced the solubilization
of the endosperm during the 72 h incubation period. This
may be a reflection of a greater rate of evaporation from
the half-seeds, or it may be the'cohsequence”of biological
processes. These possibilities wefe'ndt resolved. 'Upder
these conditions, however, the replacement of the water in
the flasks with a succinate-calcium ch]oridé.buffer (Firn &
'Kénde, 1974) became impﬁacticalk. The additidn of the buffer
further reducéd the liduificatioh of the endosperm to such
an extent that aleurone layers could not be removed intact.
‘The initial incubation of half;seeds was therefore continued
on fi]teé paper moiétened with water. '

F. Selection of 1ncubafion medium for i§b1ated‘a1eurone
]ayeré .

'Since Chrispeels & Varner (1967) pubiished their early s
work onfthe gibberellic acid-enchanced synthesis of amylase .
by isélatéd ba?ley aleurong 1ayeré. most siudies'hévg beén'
cbnddcted in an acetate buffer médium_similar'to theirs. _
This teﬁdency was reinforced by the_prioﬁ findingslof Briggs
(1963) - that the use of acetate as the buffering agent
incfeased the sensitfviy-bf amylase assays. However,‘Firn &
‘Kende (1974) noted that replacing acetate with stccinate in
the,ihcdbatﬁon mediUm improved fhe response of aleuroné

[

i
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. layers to 0.001 mM gibberellic acid. This effectywas
1nvest1gated in greater deta1l Isolated aléurone layers
were 1ncubated for 48 h in buffers conta1n1ng a wwde range
of gibberellic ac1d concentrat1onsDand the am’lase act1v1ty
produced was measured. The concentiai .n of the buffering
agent (20 mM) concentration of calcium chioride (I7 mM) and
the pH (5. 5) were kept constant in both buffers. The
results are presented in Figure 14. The product1on of
amylase was max imum at 0. 010 mM g1bberell1c ac1d and
decl1ned sharply as the concentrat1on was changed 1n either
A.d1rectlon. The pattern was similar for both the succinate
and acetate buffers,.although at 0.010 mM;gibberellic acid,
total amylase activity roduced in the succ1nate buffer ‘
exceeded that in the aéitate buffer by 14%. In the absence
of gibberellic acid, activity in the acetate buffer was 2.6
times greater than in the succinate buffer. The net result\
was a 10.6-fold 1ncrease in total amylase act1v1ty in

- response- to 0.010 mM g1bberell1c ac1d when. aleurone layers
were incubated in succinate buffer, but only a 3.6-fold
1ncrease in act1v1ty in the acetate buffer ‘Furthermore;
the nature of the buffer and the concentrat1on of
g1bberell1c acid also determ1ned the fraction of the amylase
activity that was: rele sed into the med1um from the aleurone
‘.layers ) The proportto of amylase released reached a
maximum at 0.010 mM ¢ bberellic acid. At this

Aconcentrat1on, 97% of the amylase activity had been released

into the succ1nate buffer. while in the acetate buffer. only



Figure 14. Dependence of amylase synthesis a..d relcuse by
isolated barley aleurone layers on buffer composition

and gibberellic acid concehtfation."Aleurone layers were

) or an acetate

incubated in.efther~a'5uccinatef( ‘
(===} buffer containing the appropriate concentration
of gibberel]ic.acid. After 48 h, amylaselgctivity ih the
medium (@) and in the e*tract from the layers (¢) was
deterfmined.-'Total abtivity (W) was the sum of the

activity found in the medium and in the extract.
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76% of the activity appeared in the medium. Therefore, the
use of succinate as the buffering agent in the incubation
medium greatly improved the sensitivity of amylase
production by aleurone layers to the presence of gibberellic
acid. , | I

a In a separate series of experiments, the effect of
buffer selection on other enzyme systems was observed. The
data présented in Table VI demonstrated that the magnitudes
of the gibberellic acid-enhanced synthesis and/or release of
. 'Xylanase and glucanase were also governed by the nature of
the buffer. Since the sodium succinate buffer ampljfied the
response of the aleuroge layers to gibberellic acid, it was
‘used for all further géudies.

The dose response curve for amylase synthesis and
secretion prqmoted by gibberelliq acid indicated that the
maximum response to gibberellic acid occurred at 0.010 mM
(Figure 15A). At higher‘conbentrations, the production of
amy lase Qas greatly curtgiled. Although most studies have
not extended beyond the maximum (for examp]e, Jacobsen &
Varnér, 1867; Jones & Varner, 1867), the depression of
amylase‘synthesislby Céreal aleurone tissue-in respor -~ t
excessive gibberellic acid has been observed. Okuda :
al. (1967) found that a broad-maximum for the production of
amylase by barley half-seeds was centred at 0.010 mM
-gibberellic acid. Above 0.010 mM the synthesis of amylase
decreased abruptly. Similarly, the optimal conceritration of-

' gibberellic acid for amylase synthesis by isolated wheat
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Table VI. Response of aleurone layers to gibberellic acid
in _the presence of acetate or succinate buffers

Ten aleurone layers were incubated in either 20 mM sodium
succinate or 20 mM potassium acetate buffers. Both were adjusted to
PH 5.5, and contained 20 mM calcium chloride. The isolated aleurone
layers were incubated in the media for 48 h at 25 C. The values are
the means of triplicate famples

Gibberellic Acid  Buffer Enzyme Activity (mU/]ayerf
Concentration Xylanase ‘ - Glucanase
(mM) ' Extract  Medium Extract  Medium
0 Acetate  0.09 0.18 &7 60
0 Succinate  0.16 0.02 61 26
0.010 . Acetate 1 ‘0.32 13 80

0.010 Succinate 33 2.58 8 90




Figure 15L~Effect of gibberellic acid concentration on the
synthesis and release of hydrolytic enzymes. Aleurone
layers were incubated in succinate buffer containing
various concentrations of gibberellic acid. After 48 h
at 25 C, amylase activity (A), xylanase activity (B),
and glucanase acfivity (C) were determined in the med ium
(@) énd in the_extlract frdm the layers (O). Each value

represénts the mean of two samples.
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aleurone layers was found at 0.028 wM (Collins, Jenner &
Pafeg,r1972). Higher concentrations reduced amylase
activity. No explanation for the inhibition of amylase
synthesis by super-optfmal gibberellic acid concentrations
has been offered. ’ | | |
The synthesis”and release of other hydrolytic enzymes

were also sensiiive,te the concentration of gibberellic
appearance of xylanase activity was determined (Figure 15B).
The dose response of xylanase paralleled that of amylase
very}closely. vThese enzymes reqqinéd the addition of
gibberellic acid to promote their synthesis and secretion.
The enzyme. glucanase, was dependent on gibberellic aeid fo?
secretion, but not for its synthesis (Taiz & Jones, 1970; 7
Jones, 1971; Bennet & Chrispeels, 1972) . Thjs relatﬁonship
was also sensitive to hfgh concenfrations of gibberellic
»acid.(Figure'15C) In 10 mM gibBere?lfc acid, the tota]
.glucanase activity was 32% of the activity produced in the .
- total absence of g1bbere111c acid. _.Other enzymes that have
shown a concentratxon dependency on gibberell1c ac1d
included ribonuclease (Bennett & Chrlspeels, 1972;
~ Chrispeels & Varner, 1967) «and proteases (dacobsen & Varner,

1967) | - , . ‘ ,
| Unless otherwise stated' 0.010 mM gibberellic acid was
the final concentration in the incubat1on med1um of all
: further experlments Th1s concentration e11c1ted the '

maximum response 1n amylase and xylanse activity. Atthopgh-
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the synthesis and s“ecretio{b of glucanase activity was
‘greater at 0.001 mM gibberellic acids the response of
glucanase was generally much less sensitive to gibberellic

acid cohcentration’than were the other enzyme systems.

G. Production of.volatiles by isolated aleurone layers
The enclosure of a l1v1ng tlss-e in a sealed vessel |
~would have led to n chang1ng gaseous env1ronment within that »
vessel as a result of var1ous metabolic processes The
sever1ty of the changes that occurred dur1ng the 1chbat1on&§
of isolated aleurone layers in closed systems ‘was examined.
Twenty aleurone layers were 1ncubated in 28 ml erlenmeyer
‘flasks conta1n1ng 4 0 ml of 0.010 mM g1bberell1c ac1d
the succ1nate calcium chlorwde buffer. The opening of each
flask was a ground glass—Jo1nt that accepted a hollow glass:
stopper containlng an tnjection port. Teflon facgg'septa :
(Microsep F- 145, Alltech Assoc1ates, Inc.) were used to
prevent contamwnat1on of the flask by hydrocarbons released
by the s1l1cone rubber septa The Plasks were flushed w1th
carbon d1ox1de free, hydrocarbon free air for 2 h through
hypoderm1c needles 1nserted through the septa, then.
" incubated at 25 C on a gyrotary shaker. _As 1 ml samples of
_air were wi thdrawn for analys1s. 1-ml of carbon ; §\
d1ox1de free, hydrocarbon free air was 1nJected 1nto the
flask to maintain constant pressure. Table 284 shows the
dramatlc changes that developed with1n the sealed flask_ N
Jacobsen (1973) found that sealmg aleurone j%ue m ’W“

&.a
,_ T ht%

FE T
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Table VII. Production of volatiles by bar]ey aleurone layers

Twenty ;aleurone layers were incubated 1n sea]ed 28 m1 flalks
containlng 4.0 ml of 0.010 mM gibberellic acid, 20 mM sodium succinate
and 20 mM calcium chloride adjusted to pH 5.5 with hydrochloric acid.
The flasks were incubated at 25 C on a gyrotary shaker in darkness.

The values are the average of dup]icate samples.

-

“. Incubation Time | Gas Concentration (n1/m1)-
(h) | Carbon(bioxide- Methane | .Ethylene
1 I 60 0.22 ~0.00
3 . 38 0.30 0.00
24 . > 18094 | 1.5 0.00

48 | 65075 2.34 . 0.01
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flasks dld not affect the production of amylase However,
carbon dioxide has been an effective inhibitor of ethylene
action in many experimental systems (Abeles, 1973), and may
suppress a response to ethylene that ‘'would have been:
otherwise observed. furthermore, the high level of carbon
dioxide in the flasks increased the concentration of
dissolved carbon dioxide. This would have been reflected by
a drop in pH of the incubation medium.

Although the amount of ethylene that accumulated within
the flasks was small, 0.01 nl/ml after 48 h, it was similar
to the level found by dacobsen (1973) under similar
conditions In contrast to his results, however there was
no ethane or propylene observed in the enclosed samples

The accumulation of volatiles within the sealed flasKs
'demonstratqg the need for a flow through system. Although
_the enclosure of aleurone tissue dld not affect normal
amylase synthesis (dacobsen,51973), responses to various
conditions may be modified b& the retention of volatiles
normally released by aleurone layers. In the open.system
described (Methods and Materials) for the incubation of
isolated aleurone layers, no hydrocarbons could be detected
in @Pe effluent air after it had bubblied through the
incubatioi: medium containin; aleurone layers. The absence
of ethylene was confirmed by concentrating any ethylene in
_the air with a collection trap After maKing the collection |

for 30 min at 25 ml/min, no detectable amount of ethylene

had been retained,by the collection system.
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H. Effect of ethylene concentration on amy lase synthesis
and release ) |

In1t1al trials were conducted to reveal the effect of
ethylene on amylase synthesis and release, and also to
define the threshold and saturating concentrations of
ethylene for this effect. Jones (1968) and dacobsen t1973)
observed effects of ethylene on amylase release from
aleurone tissue after 18 h and 24 h, respectively. On the
basis of these reports, the dose response curve was
determined by incubating isolated aleurone layers in the
buffered gibherellic acid solution for 24 h in the presence
of various ethylene concentrations; the results are
presented tn Figure '16. Throughout the cencentration range
examined, the addition of ethy]ene to the air stream induced
an increase in the absolute amount of amylase act1v1ty
re]eased into the medium. A]theugh this was accompan1ed by
a slight reduction in extraetable activity remaini?g in the
aleurone layers, a net increase in total activity was
v‘observed As a result, the final percentage of total
amylase act1v1ty that is released 1nto the medium 1ncreased
in response to ethylene. This would indicate that ethylene
enhances the release_of amylase. Because amylase is
continuously-synthesized and secreted from'the cells during
 this time (Varner 8 Mense, 1972), the activity in the
extract from the layers represents a dynamic pool of amylase

"although the level of enzyme activity remained relatively



Figure 16. Effect of ethylene concentration on. amylase

aynthesis and release by aleurone layers Amylase
« tivity was determined in the medium (®) and in the
extract (@) from the layers incubated 1n'buffered
0.010 mM g1bbere1hc acid for 24 h Total activity (l)

~ was the sum of the activity found in the extract and in \1'

" the medium The 1nsert indicates the changes in amylase |
activity induced by very Tow ethylene concentrafions
Details of the apparatus and incubation conditions are . \\

found in Methods and Materials.
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stable. An overall accelerat1on of the synthet1c processes
alone would lead to an increase in the amy]ase act1v1ty
retained by the layersbat any given time, rather .than the
slight reduction observed in response to ethylene.
Therefere, all further research was based on the assumption
- that a change in the percentage of total amylase activity
released into the medium does reflect an increase in the
ab111ty of barley a]eurone 1ay rs to release amylase
‘The results of this exper1 nt (F1gure 16) closely
parallel the observat1ons made by Jacobsen (1973). In
contrast, others have found tha‘ ethy1ene enhanced the
release of amy]ase, but had no s1gn1f1cant effect on total
amy lase acttvity (Ho.et al., 1977: Jones, 1968). dacobsen
(1973) suggested that’these anomalous results may be a
reflection of reswdua] absc1s1c acid in the seed.
Furthermore, he found that the response to ethylene in the
presence of g1bbere111c acid was dependent on the year in
wh1ch the seed was harvested This latter var1ab1e ’
determined. the magn1tude of the 1ncrease in total amy1ase
act1v1ty in response to ethyJene, and whether a dec11ne 1n‘h
extractab]e amylase was also 1nduced by ethylene However,
,/\-differences/)n ~methodology may also make a s1gn1f1cant,'

'contrtb tion to the d1spar1tiesvamong the results obtained

/

/
by var1ous researchers The source of air surround1ng

/
: aleurone layers.1nf1uences the response of th1s tissue to _
plant growth substances (Jacobsen, 1972). This 1mportant

aspect of the 1mplementatqu of ethylene studies differed 1n

-
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each of the cases cited above. Jones (1968) incubated the
treated and control samples of isolated aleurone layers in
sealed flagké, and introduced ethyléne through vaccine'caps.'
Jacobsen' (1972; 1973), in an‘effort to reduFe effects of
'éthy]ene produced by:the tissue, incubated the control
sémples in flasks stobpered with cotton wool to permit free
air exchange“wjth the external environment. For ethylene
treatment, h6w29er, the tissue was confained jn sealed
flasks. Ho, Abroms & Varner (personalvcommuniéatjon) |
reduced ehdogenouS'éthylene;of control samples by enclosing.
a tube containing mercury perchlorate in the sea]ed vessel.
Aieurone layefs'were also treated with ethylene in sealed |
flasks. In.no instance was the concentration of oxygen,
carbon dioxide or other volatiles determinéd or contro.led.
" Each of.the three studies cited above wouid expose aleurone -
layers to a gaseous environment with a different
édmp&sition.A-The present study eliminated these cohcerns by
the introductién of the flow-through system of purified air.
',#his produced a stable and well defined source éf air for
both the control and freated éémples of isolated aleufone
_ layers. ‘- ;

- Our current reseérch‘also-emphasized the extreme
sensifivity_of'some plant tissues.fo ethylene. The
"thresho]d-lfmit of'ethylene,concenthation required to elicit
a resﬁonse in amylasé‘synthesis and'release OCCurred'at‘a
fyeny low'Tevel. At the lowest'concentrgtion(of gthylene

tested, 0.041 nl1/ml, the amount of“amylase'actiVity released
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by the layers increased by 13% while a 6% increase in total
amylase activity was observed. The magnitnde of'the
ethylene effect cont1nued to increase as the ethylene
concentration was elevated through the ent1re range of
concentrat1ons. wWhen isolated aleurone layers were exposed
to 108 n1/m] ethylene, the amylase activity. released into
the medium exceeded the activltyvin tne absence of ethylene
by 45%. This was associated with a 21% increase in total
amylase activity. lhere was no ev1dence to suggest that

108 n1/ml had saturated the response of aleurone layers to

ethylene. for

I. Release of part1culate amylase by Triton X-100
Locy & Kende (1878) establ1shed that a large proportlon'
of amylase extracted from aleurone layers was conf1ned to a |
part1culate fract1pn.' This large pool of amylase act1v1ty |
‘was inaccessible.dUEing the normal assay procedures, and may
have lead to an inaccurate assessment'of the role of
ethylene in amylase synthe51s and release. Treatment of the
homogenate with Q.1% Triton X- 100 was an effect1ve means of
l1berat1ng the latenf'aaylase act1v1ty (Locy & Kende, 1978)
and was an aid for the determ1nat1on of amylase reta1ned by
aleurone layers. _ | |
- Preliminary trials were fcondgc,ted to establish the
'eftect ef Triton XF100 direetly'en amylase activity. This:
precaution was necessary as non- 1on1c detergents have been

shown ‘to st1mulate canine pancreat1c amylase (O'Donnell &
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McGeeney, 1974). Samples of partially purified amylase
(Appendix) containing 61 mUnits of activity were prepared in
the presence or absence of 0.002% (v/v) Triton X-100. This
concentration of detergent corresponds to levels expected
when a sample containing 0.1% (v/v) Triton X-100 was diluted
for the enzyme assay. The addition of Triton X- 100 produced
a 40% increase in the measured activity of purified amy]ase
Therefore, the d1str1but1on of amylase between medium and
the aleurone eXtract could not be accurately determined by
adding detergent to the extraction buffer alone. Thts
practice would have artifically inflated the apparent
proportion of amy]ase activity within the aleurone 1ayers

To c1rcumvent this 1rregular1ty, Triton X-100 was added to
the samp]es of extract and medium to determine the fraction
of amy]ase act1v1ty released f@fm the tissue. - .

Tr1ton X-100 was used to distinguish between soluble
and part1cu1ate amylase produced by isolated aleurone
layers, and to disclose the effect of ethylene on this
relationship. Aledrone layers were incubated for 24 h at
25 C in the incubation med i um. Dupljcate'semplee were ”
equilibrated.with hydrocarbon-free air,'while the otherh
duplicate samples Were exposed to 14.0 n1/ml ethylene. The
- medium and homogeniZed.extracts were diluted to 5 ml before
centrif@E&tion. A 2 ml aliguot of each sample was
centrifuged;diredtly, while another 2 ml aliquot was
1ncubated for 1 h w1th 0.1% (v/v): Tr1ton X-100 prwor to
‘centrifugation. The’ addition of Triton X-100 to the medlum
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produced 2 40% increase in amylase activity -in samples from
both the control and ethylene treatments. This 40%,increase
in apparent activity corresponded to the increase in 2
act1v1ty observed for the partially: purified enzyme. The -

action of detergent on the extract was much more pronbunced.

There was no significant difference between the change in

‘.activity of control and ethylene-treated samples; in-both

cases, the detergent resulted in a 150% increase in apparent
amylase activity. Th1s 1ncrease was in part, a consequence
of the st1mulat1on of amylase by non- jonic detergents,

although an increase in activity of 110% beyond that

expected for the direct stimulation of the enzyme suggested

a substantial population of latent act1v1ty This
particulate fraction of amylase const1tuted 52% of the total

act1v1ty within the aleurone layer and falls within the

. range of 30% to 60% particulate amylase c1ted by Locy &

L oges

Kende (19878). However, ethylene had no effect on the
distribution of amylase between the soluble and partlculate
fract1ons |
The release of amylase act1v1ty from the extract by
detergents would have reduced the apparent effect of
ethylene on total amylase act1v1ty - The sllght reduct1on in

the amylase activity of extracts in response to ethylene

would have been ampl1f1ed by a factor of 2.1 when detergents

were used - to ltberate bound amylase. This effect was

_1nsuff1c1ent to account for the 1ncreased activity 1n the

med ium, and an 1ncregse in total activ1ty was st1ll



145

indicated. Therefore, the exposure of aleurone tissue to
ethylene increased the total amylase activity after

incubation for 24 h in 0.010 mM gibberellic acid.

. d. Effect of eth ﬁh Allylase release and cell wall
"degrading enzyﬁ§ #3 - L
It is™ ”i ure 16 that ethylene enhanced the

-

release of amylase by 7Q9 ated barley aleurone layers In
the absence of exogenous ethylene, 75% of the total amylase
activity wasvreleased into the medium W1th the add1t10n of
ethylene however,_the fraction of amylase released
1ncreased as the concentration of ethylene was increased.
At.108 nl/ml{ethylene, the highest concentration
investigated, 84% of the total amylase activity-was
released. Thus, ethylene promoted the release of amylase,
in add1t1on to the. st1mulat1on of amylase product1on

S1nce cell wall degrad1ng enzymes have been 1mpl1cated
in the promot1on of amylase release from barley aleurone
layers, the effect of ethylene on the synthesis and release
'of these enzymes was examined over the same range of
ethylene concentrat1ons Glucanase activity, as well as
.xylanase.activ1ty, was determined after 24 h of inoubation
in buffered gibbereilic acld solutions Even though the
total amount of xylanase activity after the f1rst 24 h was
very small (0. 35 mUnxts/layeziﬁrelatlve to the level of’
;enzyme activity ult1matelyvattained, ethylene treatment

~ resulted in an elevation of xylanase activity. There was a |
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cons1stent 31% increase in activ1ty in the extract and a 25%
increase in total measured act1v1ty in response to ethylene
(These increases above the control value were significant at
the 2 5% Jevel as indicated by the t- test ) At this point
dur1ng nﬁe gibberellic ac1d induced synthes1s and release of
xylanase. very little enzyme activity (0.04 .mUnits/layer) &
had been released into the medium. ' ' o
The response of aleurone layers to ethylene reflected
by changes in glucanase activity exhibited aldifferent
pattern. Ethylene had no s1gnif1cant effect on: the total
amount of glucanase act1v1ty found after 24 h (rejected at
the 10% level of 51gm1f1cance) but there was a very small
promotlon by ethylene of glucanase release (51gn1f1cant at
the 0.5% level). Control layers reta1ned 27% of the total_
glucanase act1v1ty, whereas the ethylene treated layers
:retained only 22% of the activity. -Unlike xylanase, a
substantial traction of glUcanase-activity was found in. the
medium 24 -h after exposure to g1bberell1c acid. | |
These observat1ons are cons1stent w1th the hypothes1s
that ethylene st1mulates the release of amylase from
_ alteurone layers. and that th1s enhanced enzyme release was
"fac1l1tated by the 1ncreased product;on of the cell
wall degrad1ng enzyme, xylanase ~It has been shown that the 2
release of amylase through the cell wall is the rate )
limiting step during enzyme rgiease, rather than secret1on
‘through the plasmalemma (Vdrner & Mense, 1972) In
'-.add1t1on, the increased product1pn of enzyme act1v1ty

@
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induced. by ethylene was a. selective event, not a general L
st1mulatlon of protein synthesis. Although the production
of amylase and xylanase was escalated by ethylene, the
amount of glucanase activity was unaffected by exposing
1solated aleurone layers to ethylene '

The effect of ethylene directly on the activity of
prebaratlons of partially purified amylase and xylanase wes
also 1nvest1gated The enzyme solutions were equ1l1brated
with either hydrocarbon free air or 113 ni/ml ethylene for
.g*h-at 25 C.. I neither case did ethylene affect the .
activ1ty of the enzyme.preparatzon The maJor1ty of reports o
y1n the l1terature indicate the ethylene 15.1nactive w1th |
respect to isolated enzymes (Abeles, 1973), in spite of the
'observetionfthat the hydrophebic_regions10prroieins

interact with hydrocarbon gases in solution (Wishnia, 1962).

K.' Effect of ethylene on ‘the time course of gibberellic
acad enhanced enzyme synthesls and release _

. From the measurements. made at one time interval, it
would have been 1nval1d to draw conclus1ons on the effect of
a plant growth regulator Clutterbuck & Br1ggs (1973) have
.,shown, for example, ‘that the effect of k1net1n on amylase
- release from 1solated aleurone layers was tran51ent
'Init1ally, klnet1n st mulated the release of amylase |
_-act1v1ty into the med i um by up. to 67% q}thwn the first 24 h

-Houever subsequent determynat1ons iﬂdicated that kJnetin
' ult1mately suppressed by '55% the conantn;t1on of amylase

-
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found in the medium. Furthermore, dacohsen (1973), found
that g1bberell1c acid, abscisic and ethylene altered both .
‘the rate of amylase synthesis and the duratwon of the A
initial lag period. “In view of these prev1ous observations,
the effect of ethylene on the time course of gibberellic
acid- enhanced enzyme synthe51s ‘and release was determ1ned

In each case, 10 aleurone layers were 1ncubated in 2 ml
ST medium at 25 C for the spec1f1ed length of ‘time For
‘ethylene Lreatment 30 nl/ml was used. This concentration

fell/within the plateau reg1on of the dose response‘curve

(Ffgure léqh “In the range of ethylene conceh!kations from
0.041 n1/ml to 35 n1/ml, changes in ethylene concentration
had little, add1t1onal effect on the release of amylase SO

any.m1nor fluctuat1ons in ethylene concentrat1on over the

L_1cated (Clutterbuck & Br1ggsf 1973; Jacobsen
4+ Varner & Chandra, 13864}, the rate of amylase
;ﬁpsed abruptly after an initial lag per1od

, Max1mum act1v1ty was

) - The effect gf 30 nl/ml ethylene on .the t1me course of
hlase synthesis and release is also presented in F1gure

Cons1stent u1th prev1ous observatlons (F1gure 16),



Figure 17. Effect of 30 n1/ml ethylene on the time course of
,the synthes1s and release of amylase (A), xylanase (B),

and glucanase (C). Enzyie activity was determi&d in the ’ :

-

medium (@) and extract (0) hfter aleurone layers had
| ,xbeen ‘incubated in buffered 0.010 mM gibberellic acid at\

~

25 C for' the indicated peripd of time. Each point |

'represents the average of four sanples that swere ei ther .

N

1ncubated in hydrocarbon free air | =) or’ in air.
containing 13.0 n1/ml ‘ethylene (mm—=). | |

o : o
. ! , *i&
o,
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ethylene enhanced both fhe production of total amylase

activity and the release of amylzse into the medium during

the f+rst 24 h. However, de ~- 'ﬁaf}ons of amylase acfivityipg
after 48 h and 72 h indicated that the development of , ‘é§§
amylase activity was redpced in samples treated witﬁ»
ethylene. Exposure of aleurone Iayers to 30 n1/ml etnylene
for 48'h‘reduced amy lase activify by 12% compared to layers
equilibrated with hydrocarbon-free air., The stimulation of
amylase production and release by ethylene was therefore a
cursory effect. )

The progressjvéaﬁncrease in activity, and release of
xy]anece,by aleurone»layers in response to gibbereillic acid ,.
~was also observed (Figure 17B). On]y»trece quantfties of .
Axy]anése hed been released into the medium’during the first
24 h, a]fhough some activity. had accumulate%mthm the
layers. In th1s same time period, 49% of the max imum
amylase activity had been produced;_ This contqed1cted tﬁe3
observaticns_by Taiz & Honigman (1§76)l who foaﬁgethat
xylanase release closely paralleled the retease of/amylafe.
Also, they found that the accumulation cf_xylanase activity
ceased after 36 h, and then deciineq}' in the present
;tndies,»xy]anese_ectivity ccntinued to‘inq;ease'throughOUt
‘ihe duration of the~experiment, up to 72 h. This>disparity
may be a consequence of the 1mprovements 1n 1ncubat1on
,techn1ques*1ntroduced 1n the current ‘investigation. The
flow throughsa1r supp1y wou]d prevent the accumulation of

carbon d1ox1de and'other volat11es (refer to Table VII) and’

BT A g
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the concurfent depletion of oxygen during the incubation
period. |

The effects of ethylene on the synthesis and release of
iy]anase_were unlike the effects of ethylene described for
amy lase syﬁthesis and release. As. previous]y'noted |
.ethylene caused an” 1ncrease in the aCCumulat1on of xylanase
within the tissue dur1ng the first 24 h of the response to
gxbbere111c acid. VSamples of med1a assayed 48 h and 72 h = -

A e

after exposure to gibberellic acid, showed that ethylene N

By

promoted a 32% and a 23% 1ncrease in act1v1ty.,respect1ve1y Y
»

This was concom1tant with only a sma]l reduction of xylanase
activity in the tissue. Thus, a net increase in total
xylanase activity was evident in reporse to 30 n1/m} _
ethylene, even after prolonged incubation. ' T
The release of glucanase from aTeurone'1ayers Jgsyalso'
subject to regulat1on by g1bbere111c acid. Samples of |
tissue extract assayed 1 h after the add1t1on of g1bbere]l1c ’
acid contained glucanase activity (F1gure'17C). This
substantiates the observafion fhat formatien Qf‘910canase
’.proceeds in the absence  of gibberellic acid (Taiz & Jones,
1970). However, act1v1ty was qu1ckly released .into the,/‘
medium. . Ethylene had no pers1stent effect on: the synthes1s
or release of glucanase from 1solated afeurone Iayers The

var1ab111ty in glucanase actlvrty recovered after/12‘h

obscured the apparent effect of ethylene on th;\inductlon»of’

gluCahasevsyntheais and release at this earl siage of‘the'
response of a]eyrone 1ayers'¢o gibberelliefacid., i

) . J
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Of'three hydrolytic enzymes considered, only the
synthes1s and release of xylanase were affected by ethylene
in an un1d1rectiona] manner throughout the time course of
the exper1ment. At every time interval, ethy]ene led to an
.increase %n total xylanase ectivity 'On the other hand, the
effect of ethylene on amylase, w§§w1mnegular In the early
/stages of the response to gibberellic ac1d up to 24 h
/ethylene st1mulated the release of amylase as we]l as the
total amount of activity formed. Further measurements after
48 h 1nd1cated a substantial negative effect of ethylene on
enzyme act1v1ty. Both phases of the regulat1on of amylase
act1v1ty by ethylene were 1nvest1gated further.

1A
L. Ethylene effects on amy lase synthesrs and re]ease by
isolated aleurone layers in the presence of exogenously '
applied xylanase activity. N -

As indicated (Figure T7), ethylene promotes the release J
_of hydro]yt1c enzymes from aleurone 1ayers The rate of
reTease is l1m1ted by the d1ffus1on of the enzyme through.
| the cell wal] of the aleurone Iayer (Varner & Mense, 1972),
and thus;ywould bewdependent on. the act1v1ty of cell wall
_degradmng enzymes ?ﬁerefore the appllcatlon of xylanase
'activﬂmy~to ghe a1euroﬁe layers shOuld reduce the
restr1ct1on of amy]ase releage.1mposed by the cell wa]l
yT;b]e VII} shows that the add1t1on of xylanase to the medium
‘xnh1b1ted the amount . of amylase«synthes1zed in 24 h |

H0wever in the presence of: exogenous xylanase ethylene. had

. oA T
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L)

Table VIII. Effect of ethylene on amylase synthesis and
release in the presence and absence of exogenously
applied xylanase

Ten aleurone layers were incubated as described in Methods and
‘Materials. Partially purified xylanase (see Appendix) was added where
indicated. Samples were equilibrated with either hydrocarbon-frge air
or 12.4 n1/ml ethylene. Values are the mean of-4 replicates. -

Treatment Xylanase Added . Amylase Produced (U/layer)
(mU/1ayer) ~ Extract - Medium
Control 0 | 0.48 1.43%
Ethylene o o.@; T 1.e9°
Control 1 s 1,03 s
Ethylene . B 0.46 091
, ,. o _

& difference between control and ethylene-treatment is
significant at the ‘5% level. -

\
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no significant effect on amylase synthesis and release.

| A series of preliminary experiments were conducted Ln'g
wh.ch the isolated aleurone layers were pre-incubated in a
xylanase preparation without gibberellic acid. After 36 h,

- the layers‘were washed thoroughly with buffer for 2 h, then
tranferred to inoubation med ium containing gibberellic acid,
This treatment reduced the»tote] amy lase activity recovehed
fromagylenase treated samples to 0.42 qhits/layer, compahed
to 1%@3 Units/layer from sémples that were not‘given the
pre- 1ncubatton treatment. | If the pre- 1ncubat1on step was
performed in buffer alone,-}ﬁe’effect ‘on amylase synthes1s
was m1n1ma], and 1.16 Units/layer were reoovered from the
sample. This‘was anticipated as it has beeh found that the
length of the incubation period jfor haif-seeds had no effect
on subsequent amylase synthesis or release (Varner. 1964).
The addition of an osmoticant (1.0 M éﬁ 0.2 M sorbitol)
during the pre-incubation period did not reduce the
inhibition of émylese synthesis “These concentrations of
:osm6t1cant are’ comparable to those used dur1ng the
fpreparat1on of bar ley aleurone protop]asts (Taiz &‘Eones,
1871). Prolonging the dialysis of the Xylanase preparation
and introducing several buffer changes during dialysts_ :
faﬁted.toeprevent'fhe inhibition of amyléSe syntheeis‘by the
; pre-incubation-with.xylahase.

The extent'of ce]l wa]l modification that occurred in

-aleurone layers exposed to g1bbere111c acid alone or in -

combtnat1on w1th exogenous xy]anase or ethylene ‘was
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efamined directly by scanning electron microscopy. In the
absence of these additions, the cell wall appeared very

" smooth (Figure 18 A,B,C). This was consistent with the
obeerégtions made in previous studies (Pomeranz, 1973).

With eXposufe to gibberellic acid, however, the cell wall
eecame extehsively furrowed (Figure-18 D E,F). In addition,
there was an accumulation of material between the
p]asma]emma and the cell wall. The globular mater:%] was
likely protein secreted'by the aleurone eel]s. This made
direct obsepvation of the cell wall more difficult, but the
deposit'had‘been sloughed off in\many places'a]ong the
fractured surface to expose the cell wall (Figure 18 E).

- The exposure ef'the tissueAto éither efhylene or xylanase in
comb1nat1on w1th g1bbere111c acid had no visible effegt on
cell wall structure beyond the changes induced by -jﬂ
g1bbere1]1c acid alone (Figure 18 G to L). Thus, if 'the
vaddat1on-of‘e1ther ethylene.or xylanase toﬁéibberel]ic
acid-treated aleufghe layers did faci1itate the degradation
of the cell wall hetebial, it could not be defeeted by

scanning electron microscopy.

M. TheArelationship betWeen gibbenei1ic acid concentrat ion
and the effect'ef'ethyleneeon hydrolase synthesis and
release by -aleurone layebs. : B 1;

‘A-series of experiﬁents-were;conducted to defermine'the;
effect of ethylene on the synthes1s and. re1ease of

‘hydrolytic enzymes by aleurone layers exposed to’ a range of
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Figure 18. Scanning e]ectron“micrographs of isolated bar ley
| aleurone layers. Isolated aleurone 'layers were incﬁbated
in incubation buffer for 24l% at 25 C, and the medium
. was equilibrated with_hydrocarbon‘free air qugpt as /
'n ted. A,B,C) no gibberellic acid; D,E,F) 0.010 mM
' gibbere}lic acid. On the following page, G,H.I) 0.010 mM -
gjbbere]lic‘aciéjblué 1:1'mUnits/layer xylanaée; J,K,L) .
0.010 mM gibberellic acid p?agl12.4‘nl/ml éthylene. The
-ébproximate maénification of thé*éaﬁples was: A;D.G.J)

580 x; B,E,H,K) 2000 x and"C,F,I,L) 5900 x.

_—
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gibberellic acid concentrations. The results are compiled
in Tableé IX. The enhancement of amytase and xylanase
synthes%s in response to ethylene was optimal at 0.010 mM
gibberellic acid. Thevstimulatjon,by ethylene of anylase
release was also maximum at this concentration‘ef
gibberellic acid. Ethyléne did not alter the rate}of
eppearance of total glucanase in a statistically significant
way..regardless Qfmthe gibbenelliC“acjd'eoncentration.
Expenimental workrhas already shown that ethylene was

capable of modifying-both the gibberellic acid-induced

synthesis, and release of amylase from barley aleurone

layers (Figure 16). These processes'were also sensitive to

the concentrat1on of glbberellic acid supp11ed in the G
1ncubat1on medium (Figure 14). These c1rcumstances
suggested that ethylene may be exerting its control by
regulat1ng the uptaKe of g1bberell1c ac1d by the aleurone

[+

cells. However, sxnce the ethylene effect was reduced at.a .

~ sub-optimal concentration of gibberellic acid, it cannot be

presumed that ethjlene increasedvthe availability of

igﬁbberell1c ac1d to 1ts primary site of act1on within the

aleurone t1ssue The 1ncreased var1ab1l1ty 1n the response

"of aleurone‘]ayers to g1bbere}11c ‘acid at otherrthangoptima]-

concentrations makes interpretation of_ihe.datg,mbre_"
difficult and speculative. = ;' L

In the compleée absence of g1bbere111c ac1d ethylene

“ had no s1gn1f1cant effedt on the rate of- amylase synthes1s

, Th1s dgntrad1cts the prev1ous stud1es that found that in the

o

‘~
R
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/absedde of giBberellic acid, ethylene would inhibit (dones: ¢

1968),:or stimUlate (dacobsen,.1973) amylase synthesis.

N.. Control of inorganic fon flux from isolated-aleurone -

layers | N | : L y
_ ‘The. quantity of.. selected 1norganic ions’ released into
'the medium by aleurone layers in response to gibgerellic K
a01d. alone, or in combination Wiih ethylene was .,
determined. The movements of all five'ionic species were
dependent on the presence of: gibberellic ac1d in the medium -
(Table XY Uith the exception of the influx of sodium 1nt0“k
the tissue, these dependencies support the preVious '
observations of Jones (1973) In contrast to the general
dependenqy on gibberellic ac1d of the four cations and one
# ' anion considered, the change in the distribution of calCiumv
ﬁ, induced by éthylene was much more pronounced relative to the
'minor changes imparted on thL release of the remaining jons..
The addition of 13.1 nl/ml ethylene to the air in%tact
,:w1th the tissues resulted in a 101% Jperease in the amount
- of calc1um released into the medium. ‘The concentrations of
“L‘ calc1um and phospHate encountered in these samples were
1ncuffic1ent to cause the-brecipitation of calc1um phoSphate B
h~‘under these experimental\conditions. Coy

influences of plant growth regulators on calcium, -

b ‘~?ﬁ magneeium and potassium release are of particular 7-"ffkﬂ

. importance Calcium has been assigned 2 central role An the 9{:

| aCcumulation of amylase activity in barley malt. ,Iheig,
) |

R T T St

",, . . . . e
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"' Table X. ' Effects of gibberéllic acid ‘and ethylene on the

. 7 release and adsorptioff of inorganic jons by isolated’,” . -,
' ' R barlef aleurone” layers bl

[F
%

I R Ten aleurone layers were incubated in 2 ml of 20 mM sodium
Succinate adjusted to .pH 5.5 at 25 C with hydrochloric acid. ‘The layers

were exposed to 13.1 nl/ml ethylene and/or 0.010 mM gibberellic acid -
(GA) for 24 h at 25 C. The amdunts of the individual fons released were -
determined by atomic absorptio analysis with the exception of phosphate,
which was determined spectroph tometrically. Each value is the mean of -
4 samples. N o o s e

‘ ‘ . " ) N v

o R

Treatment - €hange in the Iph Czncentratioh o?_thg 3edium;;, .

. Ay
o, - , .« | (micromoles/1ayer) - . Y S
o Sodiun®  Potasdium - Calcium  Magnesium ° Phosiilite - .

% | o s )

2 .
o
» hd

',!. ; , L. . : : _ -‘ e, b , ’
"t Centrol o - <0.26 0.53 ~ 0.020 °  .0.028. 0,11
. # ,4 . ~. e 'Fh",y;‘ . ' 4. - 3’,31 . ‘/ - .
+68 1.4 - 1N6 “5<§5%§g.081.~ Y0624 1.14
+GA+ CH,  -2.10 1.26 . 3;163; v 0.632  0.98
. : i Mo, Do

L4 s

/ v - & A negative value indicates adsorption from the medium. The
- . - incubation medium jnitially contained 40 mM sodium, or j

" 8.00 micromoles/1xyer. - p
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“‘,'presence of calcium confeﬁg stability to barley

wn

alpha amylase (Grienv?.b‘od‘ & MacGr;egor.‘ T965) ~ Furthermore,
it has wore: recen 2oy recogmzed that in addition to
proteding “the -alp apamylase calcium also enables the ~
synthesls and release of hydrolyt1c enzymes (Carr J&"Goodwm,
1972; Varne"r?v %se. 1972) Magnesium and potasstum are - |
also active in the latter capac1ty (V:rner & Mense,. 1972)

Therefore, ghe atnlwty’of ethylene to - pro%tqnthe 1 a

o m,"” ‘ W

redtsflmbutton o§ any ‘of these cat1ons. as 1t:ﬁnark )

for. calcwm may be 1mportant 1n regulating the w

- g d
\ ‘¢ Although the" consequence of the relbase of calcwmd !

v a2 _
__1nduced by ethylene may ‘be prommeﬁ’t dbrtng th‘e development

' of mlpha amylase act1v1 ty w1 thin mtac r'l'ey,,. it may» bé of
", ) " 9 J"$ ,g’ 5 ’ P EEY
- _"*less" skgmfmance in the current studieszpn 1solated

v aleurone layers. In the preseace of'.h g1bberedll1c ac1é
and e@yvlene only O 163 mtcromoles calcwm per’ lay&} were '
-released whereas, under“standard ex‘perlmental condlttons.
4.0 micromoles calc‘ium per layer were present in the 7’ .
1ncubat1on buffer. Thts relatwely h1gl’pc&1centrat1on 1s

. expected to overshadow any effect that the release of
rcalcwm may haVe onh. the synthes1s and release of o
'aJpha amylase | L :

: ‘ The pr1mary source of calc1um ang phosphate ggéﬁm the '
hydrolys1s of phytin by phytase (Sr1vastava, 1964) It is - |
concewable that ethylene i promotlng t?le release of "_
'soluble calcium by s%rmulatm‘g the devefopment of phytase :

.o.a-_

A Y



liberation of these ion§ although ethylene may also o

s

uptake of sodium from fhe med ium (?,_<

3 - L"ﬁ A y 1] . - .
‘counterion effect, topmainfain e o4&

:9; Rolqadﬁf proteolytic enzymes in -the - qggponles of @

“aleurone layers to ethylene L
d1551pate amylase act1v1ty mcreas@unts of}protease

:7Br1ggs. 1973). The latter event. would destab111ze~&

~to glbberelltc ac1d the results are summar ized 1n*fable XI.

s : .
ey T : .
s - o 165

-

acbivity in the :aleuromé layers. In this regard: it is
: N

,sudﬁrising that ethylgne haS>opposing influences'on the

st1mulate the metabol1sm of phosphate

v In addition to the rele&ge of* varlous 1on1c speC1es, it

:was also noted that there was a gfbﬁ%relllc acid- dependent

é X) * This _may be a

V’\j

. o .
. “-’,gq S R
4 . o S

™

a

Duﬁfﬁg the ext@ndeﬁ exposure of aleurone layers to-",‘

“§1bberell1c ac;d two re%ated ppocesses occur that tend to-

are produced { bsen & Varner 1967) fd there“fs a
F e o

| décl1ne in pH df the surroundlng med1um (Clutterbuck &
9.

- Q

_ alpha amylase (Greenwood & MacGregor, 1965) and stimulate
' barley haemoglobinase, (Bhatty, 1968; Enari égMikola, - 1968).

Slnce ethylene has been shown to reduce amylase act1v1ty in’

;the med1um surround1ng aleurone layers after long periods
(Fvgure 17A) the effect of ethylene on pH of the med1um and_‘
' haemoglobrnase act1v1ty was explored. ’

Prelfminary exper1ments were conducted to measure the

achange in pH of the med1um dur1ng the response of the layers

. Y !

. ‘.‘.ﬁ

‘neutral1ty within
1'_4 .

Aty .
Qo
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Table X1. ;Ef?éct of ethylene on the pH of incubation medium
 surrounding isolated aleurone layers :

]
-Ten a]ehrone 1ayers were incubated for 24 h or 48 h at 25 C in

w2 ml of buffered medium. The medium contained 0.010 mM gibberellie
acid, 20 mM succinic acid, and 20 mM calcium chloride, adjusted to .
pH 5.50 at 25 C with sodium hydroxide. Each.value is the mean of
duplicate samples. ' Either control air (hydrocarbon-free; carbon®
dioxide-free) -or ethylene (13.0 n1/ml éthylene in.control air) was
bubbled through ‘the samples for the duration of the.incubat1on period.

v

i . R ,~‘ '. .
~ Ethylene Conceﬁtration . Incubatfbn Tink ’vf%jfi?;;pH'of'yeﬁium -
| (n1/m1) * | (h) o |
5_ T \,  _ 3 = TL‘ = o g
R A P B ' 5.29
, AT S o
' {13;0 L 24 _ , 5.31
o ‘ N d ] . =
. B < > ) . B . "&9' | gy-u v ,
;4'0 0 e -, 48 v e A 59
13. o B 48, - 4.56
.t : ' - ’7) . ) \x -
8 : ‘
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The pH of the incubation,medium dropped appreciably from its
-init»ial value of 5.500 After 48 h, the pH of the medium was
.4.59. (This 1s d1st1nctly different from the results of
'Br1ggs (1968a) and Clutterbuck & Br1ggs (1973) who reported
that 20 mMssucctnate buffer hAd a suff1cxent buffer capaclty‘
to preven%ﬁﬁhe pH of the medium from dropp1ng when barley
half- seeds and isolated aleurone dayers, respectively, were
§$exposed.to gibberellic acid.)_ Barley amylase is subject to
v \“partial’inaotivatlon at pH 4.59, even in the presence of

o Q@Q?KPm chloride (Greenwood & Mqﬁgregor. 1965). In

R*

"on; the sulphydryl pgoteaces of barley show max1mum ’

Sy

'act13hty atspH 8 (Bhaé&y, 19&%i Enar1 & M1kola, 1968), so -f 1
proteolytic actwmty would be stImUl&ted tﬂy this -lower” pH-. w
However, there was no slgn1f1cant d1fference_between the pH
of controlfand ethylehe-treatep'samples | Etﬁylene did not
limit the. express1on of amylase actithy in samples by
acce@gpat1ng the- decl1ne jn the pH of the surround1ng

*medium ‘;n . »j" T, ,

e .
' The d1rect relat1onship of protease act1v1ty to the

.-g : ethylene response was “then: 1nvest1gated— Because the .
‘ Esulphydryl proteases predominate 1n barley malt (Enar1 &
_ M1Kola. 1968) only this class of proteases was considered
:'uh4in thess ”Y%r%sts \ Thls 1nclbde65therhtemoglob1nase .of barley ‘
“characterized By Bhatty (1988). - At the low pH of the ®.
d-:‘haembglobinase assay medium. the less prevalent proteases o
;were essentlally 1nact1ve (Enari & Mikola, 1968) . lhe

:'fresults are summartzed in Table XIls Alfhough these data

e
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Table XII. Effect of ethy]ene on the g1bbEre111c acid-enhanced

formation of haemoglobinase act1v1ty by “.3( R

“

* 1solated aleurone- layers

' Ten barley alelirone layers were incubated 1n a buffered solut1on
of 0.010 mM gibbere]]ic acid for 48 h.at 25.€. Either hydrocarbon-free

air or 13.0 nl/ml eth
"Each value is the mea
means are g1¢§n

ene ‘was ‘bubbled tdrough the Incubation.medium.
f 6 repllcates,,and the standard. error of ‘the

.
e

c"g‘* °
:;Samp1e : ‘Haemoglobinase Actlvity (mU/layer)
I R P fi\ $ ?ro] :, T B Ethy]eneetreatég
L - . ‘ .\;‘Mﬁm _‘*'. - I J’y “n =
CExtract - oo @I 0509 + 0.02
Medwm ~ T 'gi3s £ 0.06 0.86 £ 0:08 -
Total 0.46 + 0.05 0.55 + 0,03

N\
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woulg suggest that ethylene st‘nulated the synthesis and
release by barley aleurone layers of haemoglobinase,

statlst1cal evaluation of the data lndtcated considerable

\ <

var1ab1l1ty w1th1n each tréaﬁment that,precJuded drawing a
dec1$ﬂye conclusion about the effect of ethylene on

haemoglob1nase bloeynthes1s ?' v; W ¢ .

An alternat1ve apprOach was used mb study the role of

- )l ~A’4>

"'proteolyt1c enzymes 1n the reduct1on ofaamylase act1v1ty

*

"edﬁpy ethylene N The aleurone layerslmere 1ncubated in .

| cdntalnlmg;1nh1b§torsmof proteolyt1c act1v1ty In.

uch 1nstances. a sourCe of free am1no ac1dsuwas requ1red to :

Y

permit the normaﬂ amount of amylase synthe51s (Ho & Varner,
g

1978; Melcher & Varner 1971)1- Potass1um bromate has - been <

. e

used extens1vely in commerc1al appl1cat1on§ to prevent the

solub1TﬁE%t1on of proteIn n1trogen dur1nw the malt1ng ;ﬁg'u

process (Macey & Stowell, 1961). 'We extended the stud1es on

"~barley proteases by 1nclud1ng angther 1nh1b1tor of

'quphon1c acfa (Slgma Chem1cal Co. , St. Lou1s Mo ).

-sulphydryl enzymes, N- ethylmale1m1de Prel1m1nary trials

o/
were. also conducted us1ng 10 ‘mM p- chloromercurlphenyl ‘7/

4
,
s ¥a

<Although th1s sulphydryl 1naq5ﬁvator essent1ally el1m1na;ed

J"amylase éynthe51s (O 5% of the amylase act1v1tx,found 1n the

"control samples) further exper1mentat1on\was abandoned as’

A

;calcxum chlorwde caused the pre01p1tat1on of the 1nh1b1tor

from the incubatwon med1um» o

..

3@1 The effeets,of ethylene and protease 1nh1b1tgrs on. the

synthes1s of hydrolyt1c enzymes are presented 1n Table XIII

..

{
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In spite of the lower contentration of casamino acids and

'tryptophan-than previously used (Hg & Varner, 1978), the
g?htfeffectively negated

addition of the amind acid suppie

the effect of‘potassium bromate on amylase synthesis, The}L-

. PO

'1nh1b1tory action of N- ethylmale1m1de on amylase synthes15r@§

was not as effectively reversed by the addition of amirmo

—

acids. When sulphydry]l- reagents were absent from the
medium ethylene reduced the total amount of . amylase
,act1v1ty compared to contro% samples However,‘1n the

A \ "presence of protease inhibitors plus ‘amino acids, the-
d{ wxl { i
", addition of ethylene e1ther had no effect on amylase
ﬁfﬂif’act1v1ty or completely reversed its former rgxe and resulted

1n 1ncreased act1v1ty

~The add1tlon of potass1um bromate or N- ethylmale1m1de
v severely reduced the activity of xylanase found On the
other hand, glucanase act1v1ty was reduced by |

" N- ethylmale1m1de only. The 1nh1b1t1on of ?lucanase

P Y

product1on was totally rel1eved by the add1t10n of amino

. acids. Both sulphydryl reagents lessened the degree of

N
glucanase release from the aleurone layers - Ej

./

It was necessarx to establlsh to what extent these - .

\ ) add1t1ons altered the format1on of proteolyt1c aettv:ty
“The reduced act1vity of proteases recovered from samples )
'ttreated wwth sulghydryl reagents 1s ev1dent from<iaole XIV.

, "The 9dd1txon of 0 1 mM N- ethylmaleim1de and 5 mM tasstum A
i 9;fbromate reduced total proteolyt1c,act1v1ty by 49% and 76% |

',‘respeéttvely e
N é

.". S AR ’ . ) ’ .

7
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Table XIV. Effect of sulphyd

9
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ryl reagents on the haemoglobinase

- "activity recovered from samples

* The incﬁbdt10n~conditions-were,as described in Table'XIIT. (

' , Treatment : qumOgiobih;se ActiVTty (mU/]ayér)'

' Extract = Medium Total E
Control 0106 . 0.386 1 0.455.
Bromate + Amino Acfdsv\' | ’7ﬂ0§b53- 0107
IHV‘EM-"#.AI';H'?:O Acids 8 - ‘.f%;'fsé Y 0.230 |

— %t s,
w




=5 weight and é;tractable components from the malt (Macey &
%

. retained by the aleuro ' tissue f malted barley e

L . T
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. B
The direct interaction bf“ihése reagents with other

‘enzymes was also considered. 'N-ethylmaleimide‘and potassium -
brdmate,hadnno.inhibitory effect.on amy]ase.or.glucanaSe
Pable XV), wherease protease‘and xylanase activities were
drastically inhibited by these compounds. The addition of .
amino a01ds to the medium offered no protection to protease' |
or xylanase from the sulphydryl reagents In v1ew of these

)
observations, it was 1mp0551b1e to conclude whether protease

- '

-inhibitors had limited xylanase syntheSisr*ér had 1nhib1ted

the enzyme after 1t ‘had been produced Aﬂi°1nfluence of

‘lnh1b1t0PS of proteo]ytic enzymes d1d not alter the actiV1ty
of either oﬁgthese two enzymes directly ;w; ‘\ \ : ‘.”’.

%

e ! -
It was 1nterest1ng~to note that pota551um br&ﬁ%%b did
ithbit xylanase act1v1ty In addition to»gestricting the'

e solubilization of proteis the addition of bromaté during

the maﬂting process has been shown to 11 «the.loss of dry

Stowell 195 It.is’ conceivable that“&hese losses were:

/ureduced by the action.of bromate‘on xylanasg_ with-the ioss_;

. of cell wall degrading act1v1ty, much more material would be

194

bromate and N-ethyimaleimide in, the gibberellic , , B
ac1d“enhanced‘synthe51s of hydrolytic enzymes may have been

4
‘Faﬂtrhe consequence of characteristics of rnhibid;r-action» ,!<

' l

The difference bet een the act1v1ty’of POtaSSium wf;.ogz,.

. [
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~y

Tab]ve"xv Effects of N-ethy'lmaleimide and potassium bromate .

on enzyme activi ty_

Potassium bromate or N-ethylmaleimide (NEM) were added to,
~samples of isolated enzyme to yield final concentrations of 5 mM and
0.1 mM, respectively. The samples were 1ncubated for 2 h at 22 C after
the additien of the 1nh1b1tqrs before. the assays were started

' ‘Inhibitor . Enzyme Activity (Percent oﬁ/amm:e—l’)/ s
Haemoglobinase Amy],a“se ok Xylanase. - . . Glucanase _
. “None . 100 ccoo.1e0 -0 71000 10D o
- Bromate 54 . '»I'Oi o 33 e 1Q‘3§M7‘ o
NEM u . 99 78 S 101 e
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um'que to each c&uﬁound vlh'lle they both mteract with
sulphydryl groups, bromate functwons as an ox1dant. and .
'.AN ethylmalemwde reacts to form the N- ethylsuccmamate i
derwatwe of the protein (hlebb 1966) Furthermore,
_N ethylmalelmde reacts W“ only the most actwe or exposed_‘

fs,u,l; hydry roups . It has also been demonstrated that

’-’.".w'imﬁ"i‘hylmaleimide w1ll react mth .other groups. ini:ludmg the

‘ fpha -amino group of theqtgmma amino acid.. (Smyth v
‘"lumenfeld & Komgsberg. 1964) . The uhchargedhature of B

. : SR S &
_ -ethyl'malelmi'de' 'permi-tseasy entry.”i__nt_o many ee’l_l-s; ‘f:&«

J A e L &* C 4N : R - ..
K / _unmary. mthout the additron of mhibitors of

';pbdt'

. _jic actiw ty, ethylene repressed the levels of _
ned m 48 h- of %cubz:ion with glbberellic o

. “amylase at @
| -acid With the reduchod of prot lytic actwlty by |

' lph)rdryl reagentsr, ethylene fal«'led to reduce the ;f".‘"

,g;ibberelhc ac1d enhanced syntheslls of hydrolytu: enzymes up Y

A'%o 48 h " Ihese results have streﬂgthened tv. W

v

incubatvon periods This conclusu;;n mus-t “
e the knowledge that potassiun bromate and y]maleimde ;’2‘ .
; are non speciﬁc imﬁbitors wIt ;nas '} R
mtass’“"' b’“”ate "educed r‘esrsﬁratth:n‘r "Llrmg the malting SR |
Wm%sﬁbﬂwwmmw&swmn mM)mdmu /HQ;;ffh

r‘jespi;r'a.tion-,‘;,.sut» in 's'unf-lower Vo

N ethylmale'[mide a]so r.:u,_';. i ’
stem segments (Niederganq,Kéquen[& Leopord, 19é7) S
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P. Effect of ethylene on the multiple rorms of amylase
produced by .aleurone layers in response to g}bberellic acid

The isoelectric patterns of the proteins released by *
aleurone layers treated with gibberellic acid, were examined
by polyacrylaﬁide gel isoelectric focusing. Preliminary
experiments with gels that contained a gradient from pH 5.0
to pH 8.5 indicated that a11 of the amylase.activity
recoyered from the medium haa focused at values lgwe; than
bH 7.0. On this basis, all further experiments were
performed using lower pH range gels. The buffers of amino
acids assisted in the for@ation of a unifarm gradient from
pH 4.0 to pg 7.5, épanning the length of the gel. The
reference protein, chicken egg white conalbumin, produced
two coloured bands visible during the isoelectric focusing,
a major band at pH 6.06 and a minor baﬁd at pH 5.91.

By staining the gels for amylase aétivfty, two ma jor
-pegions of amylase were detected (Figure 19 A,B). This.
separation into two'hajor fractions was very éimilar to the
results obtained with alpha;amylase isolated from half-seeds
of Hordeum vulgare cv Musgshino mugi treated with
gibberellic acid (Tanaka & Akazawa, 1870). In the wé;; of
Tanaka & Akazawa, and in the present study, minor bands of
'activity were associated with the ma jor fractions."When |
‘duplicate gels were stained for protein (Figure 19 C,D,E),
several bands of proteinvwere found to correspond with each
of the major regions of amylase activity. More than one

form of amylase may have bgen associated with each major

s :



Figure 19. Polyacrylamide gel isoelectric focusing of
proteins released from aleurone layers treated with
gibberellic aQid. Of the total sample volume of
0.500 ml, 0.025 ml were applied to the gels used for the
localization of amylase activity (A,B), and 0.200 ml
were applied to gels for prote{n staining (C.D,E). Bands
of amylase activity appeared as colour less regions
against a dark background, while the proteins appeared
as dark bands against a clear background. The aleurone
layers were incubated in either hydrocarbon-free air
(A,C) or 11.9 n1/ml ethylene (B,[ . Sampié E is a 1:1
mixture of samples C and D. The gradients.extended from

pH 4.0 (bottom of photo) to pH 7.5.

L~
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fraction.

There was no diff;rence in either the isoelectric
patterns of amylase activity or the protein'staining, from
samples of aleurone layers that Qere incubated with
hydrocarbon-free air a§ compared with 11.9 nl1/ml ethylenef‘

These results indicated! that ethylene had no effect on the

qualitative aspect of amylase synthesis by barley aleurone

layers.
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V. GENERAL DISCUSSION 2
Extensive deve]obmental work was required.to permit

: x , . : . .
accurate quantification of ethylene effects, both in terms

G

of the‘administratioﬁigk etHylene,'and in the detection of
responses to ethylene. A systeﬁ was devised that offeredff‘..
excelleht flexibility“in the concentrations of ethylene thétf
-codld be accomodated, and also provided well defined
parameters for cdntfo] tissues, and for the treatment of
samples with ethylene.

Presegh;iesearch has shown that ethylene enhanced the
production of amylase activity by aleurone layers isolated
from Hordeum Vulgare cv Himalaya that had been treated with
gibberellic acid for 24 h. It was shown that this effect of
ethylene was exerted on the synthesis of amylase and not
directly on enzyme activity, and not on the release Qf “
amylase activity from membrane-bound am}ra . In addition
to amylase synthesis, ethylene alsd‘promot { the release of
amylase fro; the isolated aleurone layers/ These ethylene ﬁ'
effects were detected at the lowest concgntfatioh‘used,
0.041 n1/ml, indicating a very low thresﬁold levelp

Reports have shown that ethylene_could modify the
movement of plant growth regulators (for example, Beyer &
Morgan, 1969; Rudich, Sell & Baker, 1976). The latter
investigators found that ethylene, applied as
2-chloroethylphosphonic acid, stimulated the passage of
H-gibberellin A1 through cucumber - stem segments. In the
| aleugbhe system, however, ethylene does not function thréugh

-~ -
—~ X
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enhanced movement of gibberellic acid to its active s1te

At sub- opt1mal concentrations of g1bberell1c acid, where the
concentrat1on of gibberellic acid limits amylase synthes1s.
.the effect of ethylene was no greater than at hlgher
concentrations of g1bberell1c acid.

Several dlst1nct processes are required for the
eventual release oé*amy:aSe from aleurone layers. These
include enzyme synthesis, secretion across'thefplasmalemma
and release from the cell wall (Varner & Mense, 1972). |
'Ethylene may‘have been,acting on one or more of these
systems. l | ‘

Although ethylene has given rise to qualitatiye
differences in the activity of chromatin (reflected by
alterations in the RNA synthesized in soybean Qypocotyl
segments that were exposed to ethylene (Holy et al., 1970) )
this did not appear to be the case 'in gibberellic
acid-enhanced amylasevsynthesis. The isoelectric~patterns
of proteins released by control ano ethylene-treated |
aleurone layers were identical. Thereforg, -the effect of

ethylene was likely on‘thevoverall synthetic and secretory

s stems, rather than direct activation of genesvspecific for

one or more forms of amylase‘-
From .early work on senescence and fruit r1pen1ng, it
e

was generally assumed that ethylene may cause increased

membrane permeab1l1ty This would account for the/enhanced

-release,of amylase from gibberellic acid-treated

layers exposed to ethylene. However, the relevance of

-] '



] 182
direct effects of eth¥lene on membrane permeability to the
biélpgical.eﬁfects of ethylene is uncertain. AlthoUgh
ethylene did increase the permeability of model membranes,
other hydrocarbon gases also increased permeabjlity. The
hio1ogical activity of the gases could not be correlated to
their effects on model membranes (Mehard et al., 1970). It
,1s worth noting, in this respect that ethylene did not
affect-the amount of membrane bound amylase in barley
aleurone layers.

n Ethy]ene could be affecting the release of amylase from
the cell wall;'rather than secretion through the

plasmalemma The d1ffusvon through the cell wall is the

rate limiting step in amylase release (Varner & Mense,

1972). In suspension cultures of Acer pseudoplatanus, a’
Targe amount of activity of a number of hydrolytic enzymes
could be- washed from the cell walls by solut1ons with high
sa]t concentrat%gh (Keegstra & Albershe1m 1970). Salts are
also important in the release of amylase from aleurone
layers (Varner'& Mense, 1972: Carr & Goodwin, 1872). The
present wcrk has shown that ethylene promoted the release“of
calcium from aleurone layers. Although amylase release, as
we]l ‘as stab1l1ty, is dependent on calcium, the stimulation
of calc1um release by ethylene may not be cr1t1cal to these "
processes under the exper1menta1 cond1t1ons of the current 2 )H
study. A much greater amount. of calcium was supplied in the -
incubation medium than was released by the aleurone layers. |

However, if the enhanced- release of calcium in response to
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'ethylene reflected an iﬁcreased aVailabi1ity of soluble
calcium within the cells, other biqchemical or physiological
properties may -have been altered. These'inc1uded membréne
structure'énd-infegrity, flux of other ionic species and the
activit#es of other enzymes (Rains, 1976). The
redistribution of ionszcould bg examined within the aleurone
layers by X-ray analysis in conjunction with scanning
electron microscopy. g

Cell wall deérading enzymes also play a role in enzyme
release fﬁgm aleurone layers. As suggested above, the cell
wall imposes a barrier to enzyme release. The impor tance of
xylanase activity was implicatedcby the finding fhat
inhibitors of xylanase.activity reduced the release of both
amylase and glucanase. Also, ethylene promoted the
appearance of xylanase activity and the concomitant release.
of amylase. Determining the xylanase actiyity in extracﬁs
from aleurone 1a§érs did nol dffer any insight into the
localization of the enzyme. . Hydrolytic enzymes are trapped
in the cell wall, .and in the lytic cémpartments of aleurone
cells (review in Matile, 1975):.;Iso]ated barley aleurone
- protoplasts may be Qseful in resolving these questions. A
method for the preparation of aleurone protoplasté has
appeared in the literature (Taiz & Jones, 1971). However,
the concentration of osmoticants currently used to maintain
the integrity of»th; individual aleurone cells inhibits the

response of cereal aleurone cel l‘sitﬁ gibberellic acid

(Eastwood, 1977; Jones, Armstrong & Taiz, 1973).

<
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In addition to the stimulatory effect of ethylene on
amylase synthesis at 24 h, ethylene also reduced amjlase
activity at subsequent time intervals. Results from the use
of haemoglobinase inhibitors suggested that the enhancement
- of protequtic actiyity‘by ethylene contributéd'to the'-
eventual loss offamyfase activity. " However, the enhancement
by ethylene.of amylase production prior to 48 h was not
vlikeiy the result of increased évailability of amino acids
through increased haemoglobinase activity. Melcher & Varner
(1971) have shown that the availability of free amino acids
did not limit amylase syhthesis. The addition of free amino
acids to the medium did not increase the production of
amylase activity, and, in fact, the amino acids impéded the
release of amyiase from aleurone layers (Melcher & Varner,
971y, - W o '

Through the methodology developed and used in the
current study, the effects of ethylene on the synthesis and
release of amy}ase from gibberellic aéid-treated barley
aleurone layers have been quantified. These effects were
then related to other events that occur during the induction
and continuation of amylase synthesis. The‘release of
amylase was correlated wjth xy]aﬁase activity. In addition,
thg expression of'haemOQlobinase activity limitgd the
ultimatg level of amylase activity attained. Both of these
enz;me systems appeared to be.regulated by ethylene to a
modest extent.
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APPENDIX

A. Partial purification of amylase

A source of amylase was required for the evaluation and
characterization of enzyme»assay procedures that were to be
used throughout the current research project. The ideal
source of enzyme would be the same as the amylase to be
investigated - the amylase secreted from barley aleurone
layers. " /r

" The initial enzyme solution was prepared by incubating
10 aleurone layers in each of 4 flasKs containing 2 mt of
incubation mediun (Methods and Materials)[ After incubation
for 48 h at 25°C on a gyrotary shaker, the medium was - |
decanted into conical centrifuge tubes and centrifuged at
980 x g for 20 min at 4 C. The supernatant layers were . -
combined to'yield the crude preparation.

The remainder of the partial purification of amylase
was based on the isolation procedure presented by Loyter &
Schramm (1962). The method was dependent on the formation
of an insoluble glycogen-amylase complex in 40% ethanol.
This permitted separation by centrifugation of amylase from
other components |

The glycogen for dmplex formation was oyster glycogen
(type 11, S1gma Chemical Co., St. Lou1s, Mo.) that had been
purified The commerc1al product contained 2 0 mg prote1n
-per g of glycogen Pur1f1cat10n wds ach1eved by pass1ng a

0. 5% (w/v) solut1on of glycogen through two cellulose ion

N L



204

exchﬁnge'co]umns (3 cm x 5.5 cm ID, Cellex D, Bio-Rad
Laboratories, Richmond, Calif.) in succession. The filtrate
was lyophitized, then stored aessicated‘at 2 C. The‘proteiﬁ
cohtent'?f the glycogen was redﬁced to 0.024 mg/g b§ this

{

procedure. ‘
‘Initia] attempts to isolafe amylase as a glycogen
complex failed. Further investigation revealed that 72%Vof
total amylase actkvity was precipitating from solution with
the addition of ethanol, prior to the addition of glycogen.
Thevformatipn of a bule white precipitate suggested that
bo]ysaccharides in the original enzyme preparation may have
removed amylase from solution by forming a complex analagous
‘to the complex formed With glycogen. A preliminary
purification step was required fo reduce this loss of
activity. A procedure similar to that described by Tanaka &
Akazawa (1970) was used in the present study, buﬁ aléernate
ﬁethods have also been usédanruger & Tkachuk, 1969;
MacGregor, Thompson & Meredith, 1974). Four volumes of cold
3.9 M ammonium sulphate were added to the crude preparation
- and the resulting solution was stirred, in an.ice-water
bath, for 30 min beforelthe'precipitafe was collected by
centrifugation at 15300 x g (14000 rpm, Beckman model JA-20
rotor) for 30 min at 2 C. The pellet was drained and
résuspended in 2 ml:of 20 mM potassium acetate, 20 mM
calcium chloride adjusted to pH 5.5 at: 25 C with )
hydrochloric éc%d, The suspensién was dia]yzediove}night

against 500 ml of the same buffer. The addition of ethanol
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to the enzyme %glution after ammonium sulphate precipitation
removed only 0.5% of the amylase activity. ‘

lhe ammonium sulphate precipitate, éfter dialysis, was
diluted to 10 ml, and placed in an 1ce ‘salt-water slurry
Ethanol (95%) at -20 C was added dropw1se to the enzyme
solution until a-final concentration of 40% was attained.
The solution was stirred during the addition of ethanol, and
- then for an additional 5 min. The éample was centrifuged at
1140b x g (12000 rpm) at -4 C for 20 min. The supernatant
layer wasvdecanted‘into another centrifuge tube and the tube
wés immediately blaced in the ice-salt-water slurry. In-
succession, 0.3 ml of a 2% (w/v) solution’of glycogen and
0.2 ml 95% ethanol were added dropwise while the solution
was st1rred. After 10 min, the suspens1on was centrifuged-
at 6400 x g (8000 rpm) for 20 min at -4 C. TRe pellet was
disscived in 1 2 ml potassium acetate- calc1um chioride ,
buffer (pH 5.5) and set in a water bath at 30 C for 1 h to
d1gest the glycogen. |

To remove the digested glycogen without further
dialysis and dilution of the sample, the small column gel
filtration procedure detailed by Penefsky (1977) was used
‘with‘only slight modification. The gel filtration matérial
was Bio-Gel P?6 (100 to 200 mesh, Bio-Rad Laboratories,
Richmond, Calif.) that had been hydratéd in the potassium
acetate-calcium chloride bdffer. rFreliminary equriments
with vafious mixtures of chromium (I1) nitrate, bovine serum
albumin'add‘baﬁley amylase indjcdtéd'that the optimgm Sample

]

. X - &
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volume for the 1 ml columns was 0.3 ml. This volume allowed
recovery of 80% of the protein applied to the column, while
no salt could be detectéd~spectrophotometrical]y in the
eff]ueq}»from the column. When the gjycogen digest eluted
through the column, the microequivalents of reducing sugars
the reduced fnole.ZS to 0.00. The results of the

purification proéedure are given . in Table XVI.

B.‘ Preparation of xylanase

Experiments were performed in which the isolated barley
aleurone layers'were incubated for 24 h in’incUbation med ium
conta1n1ng exogenous xylanase. This experimental design
required the preparation of a xylanase sample with a very
low background level of amylase activity. Xylanases from.
various sources have been purified through a number of
procedures summarized in Dekkér & Richards (1976). Based on
these, the following method was developed. ~

"~ To obtain a crudé preparation of xyianase, 10 aleurone

layers Qere_indubated'in each df 8 flasks‘containing 2 mi of
incubation medium. The layers were incubated for 96 h at
25 C on a gyrotary shaker. The. medidm was decanted from
each flask and combined 1n centr1fuge tubes. The:sofutiOn'
was centrifuged at 980 x g for 20 min at 4 C “The |
supernatant layers were comb1ned

To eliminate amylase act1v1ty in the samples, the

enzyme solution.was st1rred constantly while 0.1 M

hydrochlor1c acid was added dropwise to the solut1on .-The
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Table XVI. Partial pur{ficatioh of barley amylase .

Details of the purification procédure are given in the text.

Purification ' Volume Amylase - Specific
Step o | Activity - ‘Activity ‘
' (m1) (U) -~ (u/mg Protein)
Initial Solution 1.0  90.9 .35
Ammonium Sulphate ppt. 10.0 . 55.6 46

Glycogen Complex - 9,5 136

13




/ 208

*\\\ pH of the solution was carefully reduced to 3.0. and then
| stirred for 20 min at room temperatune. The pH was returned
to 5.0 by the addition of 0.1 M sodiUm hydroxide; The final
solution was then cooled in ice. All subsequent steps were
performed at b to 4 C. ‘While stirring constantly, 0.25
volumes of cold 3.9 M ammonium sulphate were slowly added to
the'sample. Stirringﬁwasvcontdnued for 30 min before the
precipitate was removed by centrifugation for 30‘min at
15300 x g (14000 rpm, Beckman model JA- 20 rotor).. The
supernatant layers were collected and another 3.75 volumes
of 3.9 M ammonium sulphate were added and the suspension
centrifuged as above. The pellet thus obtained was ”
’ resuspended‘in 2 ml of 0.001 M sodium phosphate buffer,
pH'6.2 at 25-C,-and\dialyzed.agatnst 500 m1 of the samei
- buffer. Dialysis continued overnight at 4 C}j'The sample
" was ‘applied to a column (15 cm x 0.9 cm I}) packed with
hydroxylapatite (Bio-Gel HlP. Bijo-Rad Laboratories,
Richmond, Calif.) equilibrated with 0.001 M sodium phosphate
‘/,buffer, pH 6.2 at 25 C. .The sample was washed into the '
column with 2 bed volumes of 0 001 M sod1um phosphate buffer
(pH 6. 2) followed by 2 bed volumes of 0.04 M sod'lum |
phosphate buffer (pH 6.2). The xylanase was eluted from the
column with 0.16 M sodium phosphate buffer (pH 6.2). After
| the vo1d volume had passed through the column, the next 2 .
bed volumes were‘collected Xylanase was prec1pitated from
'the column effluent by the add1t1on of 4 volumes of cold

3.9 M ammon1um sulphate and the prec1p1tate was collected as’

-
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previously.described. and resuspended in 20 lisuccinic
h—”\acid, 20 mM calcium chloride, adjusted to pH 5.5‘at 25 C
with sodium hydroxtde;"The'3uspen5iohfwas diatyzed'against
1 1 of the same buffer overnight at 4 C. The results of the
purification procedure are given in Table XVII.

"Initia1 purification trials did not “include the
inactivation of amylase by the treatment at pH 3.0. Th&\
xylanase from this preparation still contained 21% (40
Units) of the original amylase -activity. Kﬁthough the low
pr treatment reduced the final yield of xylanse from 90% to
12%, it very effectively elimtnated‘amytase activity from

the sample.

| The xylanase prepared in this manner was evaluated to
determ1ne whether endo- or exo- xylanase predom1nated in the
sample ‘The measurement of reducing value of the substrate
olut1on would not d1fferent1ate between the endo- and

exo- enzymes. and both forms of xylanase are produced by .

bar ley aleurone layers (Taiz & Hon1gman, 1976) To

. distinguish between the xylanases. the products St xylan
hydrolysis at . time - 1ntervals were separated by \aper ’

, chromatography (F1gure 20) The relat1ve concen rat1on of .

: substrate buffer and enzyme, as well as the 1ncubat1on y
.cond1t1ons were 1dent1cal to the normal assay procedure. At
t1me 0, all of the mater1a1 rema1ned on the origin. (After

» 1 h however, most of the mater1a1 that reacted with the

,pdetect1on reagent had m1grated along the paper, indicat1ng a

»reduct1on‘1n cha1n-length. Very l1tt1e free xylose was
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Table XVII} Partial purification of xy]ahése from isolated
t barley aleurone layers

Details of the purification procedure are given in the text.

Purification Volume Amylase Glucanase Xylanase Activity

- Step ‘ \ Activity Activity —
(m1) (U) (v) (U) (U/mg Protein)
Initial
Solution 16 191 11.2 0.573 0.13
Ammonium S
Sulphate ppt. - 2 0 ——— 0.079 ———
Final |

Product 1 0 ‘ 0.1 - 0.071 0.39
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STDO 1 3 51024 .
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Figure 20. Paper chromatograms of the produgts of enzymatic
hydrolysis of xylan. The standard (STD) consisted of
0.013 mg each of (from top) xylose, arabinose, glucose
and galactose. The reaction mixture contained \

0 58 mg/m! xylan and 12.9 mUnits/ml xylanase in 20 mM

succinic acid, 20 mM calcium chloride, adjusted-to

pH 5.5 at 25 C with sodium hydroxide. The solution was

incubated at 30 C, and i.5 ml portions were withdrawn at -
~ the inéicated intervals. “-,
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produced during the first hour, although'thé enzyme assay
indicated that 1.15 microequivalents or‘reducfng terminals
had been exposed. These results sﬁggested that the
endo-xylanase was the prevalent enzyme in this preparation.
Fuﬁther incubation of the énzyme substrate mixture showed

that free xylose did accumulate during the following -

\
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