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Abstract—Conditions for UV-induced cross-linking of abscisic acid (ABA) through its enone chromophore to binding
proteins were evaluated. The effects of a UV-light band between 260 and 530 nm on both unconjugated and
protein-conjugated ABA, as well as on anti-ABA antibodies as models of ABA-binding proteins were determined. UV
irradiation caused both isomerization and photolysis of ABA, but increasing the lower irradiation boundary to
345 nm strongly reduced photolysis and largely prevented isomerization. When conjugated to alkaline phosphatase
(AP), ABA remained stable when using either a 320 or a 345 nm filter. At these wavelengths both binding of ABA to
antibodies as well as AP enzymatic activity were maintained. UV-induced cross-linking of monoclonal anti-ABA
antibodies to immobilized ABA was analysed by immunoassays. Optimal cross-linking was achieved after a 5 min
irradiation period at 0°, using a long pass, cut-on filter to quench wavelengths below 290 nm. This cross-linking

faithfully reflected cognate binding activity.

INTRODUCTION

It is commonly assumed that plant hormones regulate
developmental processes in plants through their interac-
tion with one or more hormone-binding proteins. Owing
to their low abundance relative to other proteins, binding
proteins are difficult to identify, requiring the use of
advanced biochemical techniques [1].

In 1984 Hornberg and Weiler [2] reported the occur-
rence of specific ABA-binding proteins on the plasma—
lemma of guard-cell protoplasts. They were able to label
these proteins by UV-induced covalent attachment of
ABA. Contrary to other photoaffinity labels used to
identify receptors for other plant hormones, the ABA
molecule was not modified (see refs cited in [3]). How-
ever, the ABA-binding protein(s) were not characterized.
Surprisingly, UV cross-linking of unmodified ABA to
target proteins does not seem to have been investigated
further. Instead, azido-C,-ABA was introduced as an
alternative photoaffinity label [4]. Yet, both azido-
ABA and unmodified ABA contain a UV-sensitive, a,f-
unsaturated ketone moiety (an enone structure) in their
rings.

*Supported by the Netherlands Organisation for Scientific
Research—Foundation for Life Sciences (NWO-SLW) under
grant number 805.21.901.

1Present address: Department of Plant Ecology and Evolu-
tionary Biology, Utrecht University, Post Office Box 80084,
NL-3508 TB Utrecht, The Netherlands.

Enone-containing ligands have been successfully used
in photoaffinity labelling [5-7]. Although this technique
proved its potential in identifying specific binding pro-
teins and evaluation of target sites on enzymes [5-8], it
also imposes strict requirements (Table 1). Conditions
have to be optimized to ensure that non-specific labelling
is avoided and radiation damage to both binding protein
and ligand is minimal, while maximal cross-linking effi-
ciency is maintained.

Unmodified ABA meets these demands for a photo-
affinity ligand. Contrary to azido- and diazo-compounds,
the lifetimes of excited intermediates derived from enone
are not known to exceed 100 usec [6]. Excitation of
enones can occur in two ways: a 7 — n* transition or
a n— m* transition [9]. Both transitions result in an
intermediate possessing a diradical-like character [5, 7,
9], but only the n— n* transition will lead to cross-
linking 5, 6, 9]. The = — =n* transition will mainly lead to
undesirable side-effects, such as skeletal rearrangements
[9], photo-oxidation [10], inactivation without cross-
linking [5, 10] and amino acid/protein photolysis [11].

Apart from specific affinity labelling, UV-induced
cross-linking can also lead to pseudo-affinity labelling
and to non-specific attachment [5, 12-14] due to the
excitation of non-bound molecules. To minimize these
undesirable side-effects complete separation of these
non-bound from bound ligands is imperative. This can be
achieved by centrifugation [2], gel filtration/charcoal
absorption [7] or ammonium sulphate precipitation [15]
(although this latter is not recommended [16]). However,
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Table 1. Requirements for photo-affinity labelling. Adapted from refs [5, 7, 28]

Photoaffinity ligand o Biologically active in either inducing or blocking physiolo-

gical response®

o Stable in storage and handling prior to irradiation
e Easily labelled and/or synthesized
e Short-lived excited intermediates

Ligand-macromolecule

Specific complex formation

Stable cross-linked complexes

.

complex e Dissociation negligible during experiment
.
.

Ready separation of cross-linked and non-cross-linked com-

plexes

Conditions

Minimal damage to macromolecule and ligand

No free ligand present in solution

.
.
e Minimal photo-oxidation
.

Inclusion of nucleophiles to reduce free radicals

“The photoaffinity ligand is assumed to interact at the same binding site as the natural
ligand. This is difficult to prove in bioassays: the photoaffinity ligand may use a different
route to induce or to inhibit a physiological response. Binding studies can only be used to
verify the competition between the two ligands in cell-free extracts, provided labelling does

not fall below the assay’s detection level.

separation can be greatly facilitated when either binding
protein or photosensitive ligand is immobilized on
a matrix.

ABA can be conjugated through its carboxylic acid
moiety to primary amines [17] leaving the enone struc-
ture exposed for photoaffinity cross-linking. Coating
microtitre plates with an ABA-C,-carrier protein conju-
gate effectively offers an immobilized photoactive ligand
to a binding protein in solution. Proteins interacting with
ABA through the unmodified ring structure will be
cross-linked upon UV irradiation. Since monoclonal
anti-ABA antibodies can be traced by immunological
techniques, they can serve as specific and easily detect-
able model ABA-binding protetns. Thus, the effects of
UV irradiation on both ABA and protein stability, as
well as on photoinduced cross-linking, can be determined
in order to optimize this technique for subsequent identi-
fication of ABA-binding proteins in plant tissues.

RESULTS

UV irradiation of (+)-ABA

For specific binding between ligand and receptor to
occur, both must retain their native conformation. Thus,
the stability of (+)-ABA was investigated upon irradia-
tion at different lower irradiation boundaries for different
periods of time. Figure 1 shows the effect on isomeriza-
tion and photolysis of (+)-ABA as the lower irradiation
boundary is raised by inserting cut-on filters. Both the
rate of (+)-all rrans-ABA formation and (4)-ABA
photolysis was reduced as the cut-on value of the inserted
filter was increased, as summarized in Table 2.

Photolysis of (+)-ABA was highly wavelength depen-
dent, with only 8.7% remaining after irradiation for
10 min with the lower boundary set at its lowest value (no
filter inserted). and as much as 70% if a WG 345 filter was
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Fig. 1. Effect of UV irradiation on (+)-ABA in water using

different cut-on filters. The samples were analysed by HPLC. A:

no filter used; B: 305 nm filter; C: 320 nm filter and D: 345 nm
filter. Mean and s.e. of two independent experiments.

used. Without filter both (+)-ABA and (+)-all trans-
ABA were lost, before an equimolar mixture was reached
(Fig. 1A). Inserting a WG305 or WG320 filter reduced
the rate of both processes (Fig. 1B), whereas insertion of
a WG345 filter largely prevented isomerization without
a clear effect on the total amount of (+)-ABA remaining
(Fig. 1C, D, Table 2).
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Table 2. Effect of long pass filters on ABA photolysis and isomerization when exposed to continuous UV irradiation®

No filter WG305 WG320 WG345
Time
(s) ABA Ratio® Sum® ABA Ratio Sum ABA Ratio Sum ABA  Ratio Sum
0 99.9 999.0 100.0 99.9 999.0 100.0 99.9 999.0 100.0 99.9 999.0 100.0
60 384 1.2 70.2 75.6 10.6 82.7 75.8 14.4 81.1 96.2 304.7 96.5
300 18.2 0.9 383 40.6 13 72.7 50.3 2.6 69.9 91.7 96.8 92.6
600 8.7 0.8 19.6 28.0 0.9 57.7 435 1.6 70.7 70.3 74.2 71.3

*Only HPLC peaks corresponding to (+)-ABA and (+)-all trans-ABA are taken into account. Data in percentages relative to

ABA-peak.
®Ratio (£)-ABA to (+)-all trans-ABA.
“Total peak area of (+)-ABA and (4 )-all trans-ABA.
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Fig. 2. Effect of UV irradiation using different cut-on filters on C,-conjugated (+)}-ABA (panels A and B) and

enzymatic activity as measured by AP (panels C and

D). Remaining ABA molecules were measured using

(£)-ABA-C -AP on microtitre plates coated with goat anti-mouse and the anti-ABA antibody 3G4 (see Fig. 7:
direct method). Mean and se. of two independent experiments in triplicate.

UV irradiation of conjugated (+)-ABA

It was hypothesized that (1)-ABA, when conjugated
to protein, may be shielded from the isomerizing and
photolysing effects of UV irradiation. Therefore, the stab-
ility of (+)-ABA conjugated to alkaline phosphatase
(ABA-C,-AP) was also analysed. This permitted both
following of the fate of ABA and assessing the possibly
damaging action of UV irradiation on AP enzymatic
activity and structural integrity. Combined isomerization
and photolysis of ABA were quantified by loss of binding
of the irradiated ABA-C,-AP to the specific anti-ABA
antibody 3G4 (Fig. 2). Without a filter, 35% of immuno-
logically detectable (+)-ABA, but only 10% of AP enzy-

matic activity, was lost upon irradiation for 10 min
(Fig. 2A, C). In contrast, inserting a WG320 or WG345
filter to raise the lower irradiation boundary essentially
prevented photolysis of (+)-ABA or loss of AP-activity
(Fig. 2B, D).

Since the immunoassay for (+)-ABA (Fig. 2A, B) is
dependent upon the activity of AP (see Fig. 7: direct
method), the loss of (+)-ABA depicted is overestimated
when AP activity is not fully maintained. Correcting for
the loss of AP activity, approximately 79% of the (+)-
ABA was still present after 10 min of irradiation without
filters. This 1s substantially more than upon irradiation of
free (+)-ABA under the same conditions. Thus, associa-
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tion of ABA with a binding protein can be expected to
have a stabilizing effect on the hormone molecule.

Protein stability under UV

Although AP enzymatic activity was relatively unaffec-
ted by UV irradiation, other proteins might be more
susceptible. To study the effect of various wavelengths on
protein conformation, mouse monoclonal anti-ABA
antibodies 3G4 and Nanl were subjected to irradiation
and their binding properties evaluated in both direct and
indirect assays. Any loss of structure would be evident as
a loss of binding to goat anti-mouse antibodies and/or
ABA conjugates.

Similarly to the enzymatic activity of AP, the binding
activities of the antibodies to ABA-C,-AP (Fig. 7: direct
method) were reduced by about 30% after 10 min ir-
radiation without a filter (Fig. 3A). In contrast to AP, the
antibodies were not significantly affected when a WG305
filter was used (Fig. 3B). Raising the lower irradiation
boundary further by inserting a WG320 or a WG345
filter prevented any loss of (+)-ABA-binding activity or
recognition by goat anti-mouse antibodies (Fig. 3C, D).
Analysis of binding of UV-irradiated anti-ABA antibod-
ies to ( +)-ABA-C,-KLH (Keyhole Limper hemocy-
anine) (Fig. 7: indirect method) gave the same results
(data not shown).

Photoaffinity cross-linking of anti-ABA antibodies to
immobilized (+)-ABA

On UV irradiation only part of the ligand-binding
protein complexes formed, is cross-linked. To assess
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photoaffinity cross-linking, non-covalently bound mol-
ecules have to be removed by washing, whereas the
coating of the plates to which the cross-linked proteins
are attached, must remain intact.

From a series of experiments with several types of
washing buffer, it appeared that the protein coating could
withstand the rather harsh treatments (acidic urea) neces-
sary to remove non-cross-linked antibodies (data not
shown). As shown in Fig. 4A, antibody binding was
retained when either glycine—~HCl buffer (pH 3.0) or
phosphate buffered saline PBST was used. Even addition
of up to 8 M urea did not affect the coating (Fig. 4A).
Antibodies could not be removed by washing with PBST,
but binding was completely disrupted under acidic con-
ditions in the presence of urea (Fig. 4B). Addition of
100 uM (+)-ABA to the washing buffer prevented reas-
sociation of anti-ABA antibody and coated (+)-ABA-
C,-KLH conjugate (data not shown). Thus, essentially
complete removal of non-covalently bound antibodies
was obtained by soaking the plates once for 10 min in
250 mM glycine—-HC1 (pH 3.0), 6 M urea. These condi-
tions did not affect the coating.

Conditions for irradiation of the antibodies were var-
ied so as to maximize cross-linking, while minimizing
photolysis. As the lower irradiation boundary was raised
protein photolysis was nearly eliminated, leaving photo-
induced cross-linking (Fig. 5SB-D). Raising the lower
irradiation boundary beyond the wavelength necessary
to excite the enone oxygen electrons resulted in a loss of
cross-linking efficiency (Fig. 5D). Prolonging irradiation
beyond 5 min had no effect on the efficiency of photoin-
duced cross-linking. Absorption to the microtitre plate,
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Fig. 3. Stability of monoclonal antibodies under UV irradiation using different cut-on filters. After irradiation
samples were analysed in goat anti-mouse-coated microtitre plates. Remaining anti-ABA activity was measured
with (+)-ABA-C -AP (see Fig. 7: direct method). Mean and s.e. of two independent experiments in triplicate.
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A # Glycine.HCI pH 3.0
B PBST pH 7.4

Absorbance at 405 nm (au)

[UREA] (M)

Fig. 4. Plates were washed with the indicated buffer before or
after antibody addition. In A, coated plates were washed prior to
antibody addition. In B, the affinity washing was performed
after antibody addition. Plates were then analysed using goat
anti-mouse antibodies conjugated to AP (see Fig. 7: indirect
method). The optical density is a measure for the remaining
anti-ABA antibodies. Mean and s.e. of two independent experi-
ments in triplicate.
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as well as cross-linking of solute proteins to the coating
protein, were estimated similarly using carrier protein
coatings without conjugated (+)-ABA (data not shown).
Such non-specific binding was found to be substantial,
especially when using the mouse pre-immune serum.
Corrections were made as described in the Experimental.

Since the anti-ABA antibodies 3G4 and Nan! differ in
their affinity towards ABA, differences in UV-induced
cross-linking efficiency were expected. As is clear from
Fig. 5B, Nanl was cross-linked substantially more than
3G4 under optimal irradiation conditions. The non-spe-
cific antibodies in mouse pre-immune serum are barely
cross-linked to the (+)-ABA-C,-KLH conjugate, where-
as the anti-ABA antibody Nan2 (C,-conjugated ABA
specific) was only slightly better cross-linked (Fig. 5).
These results demonstrate that cross-linking faithfully
reflects cognate binding activity.

DISCUSSION

The basic requirements for successful photoaffinity
labelling are summarized in Table 1. In the present study,
these requirements were extended to define conditions
necessary to cross-link ABA specifically to ABA-binding
protein(s). Because of its natural photosensitivity its use
as a photoaffinity ligand offers a great advantage over
synthetic analogues. ABA contains two distinct chromo-
phores that contribute to its UV spectrum: the enone

-
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Fig. 5. Cross-linking of mouse monoclonal anti-ABA (C,-conjugated) antibodies 3G4 and Nanl, mouse mon-

oclonal anti-ABA (C,-conjugated) antibody Nan2 and mouse pre-immune serum to (+)-ABA-C,-KLH-coated

wells of microtitre strips. The data are corrected for a specific cross-linking of the antibodies to unconjugated KLH

and absorption to well walls. Cut-on filters used: A: no filter; B: 305 nm: C: 320 nm; D: 345 nm. Mean and s.e. of
two independent experiments in duplicate.
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Fig. 6. Absorption maxima of the ABA chromophores as measured in acidic (0.005 N H,SO,) MeOH (A). The

absorption data were taken from [27] (z — n* transitions) or measured in acidic MeOH (n — n* transitions).

B shows a general scheme of enone insertion in a C-H bond after UV-induced n — n* excitation [6, 23, 24].
Cross-linking is initiated by intermolecular hydrogen abstraction.

moiety in the ring and the doubly conjugated carboxylic
acid moiety in the side chain (Fig. 6A). Both chromo-
phores can be excited in a © — =* transition, but only the
enone gives rise to the (n, n*) states required for photoin-
duced cross-linking [6, 9].

Cross-linking can be thought of as an insertion of the
photosensitive ligand into a bond (usually C—H) of the
target protein (Fig. 6B) [10]. The cross-linking efficiency
depends on the competition between the insertion (ini-
tiated by intermolecular hydrogen abstraction) and skel-
etal rearrangements (initiated by intramolecular hydro-
gen abstractions) [6, 18, 19]. This competition is influen-
ced by the environment of the enone at the onset of
excitation. If there is a suitably oriented protein hydro-
gen atom In the vicinity of the activated enone, inter-
molecular abstraction is likely to occur (Fig. 6B) [6, 20].

Only a few reports describing the effects of UV irradia-
tion on the structural integrity of ABA have been pub-
lished {(e.g. [21, 22]). Such effects can, however, be pre-
dicted from data obtained for other enones and polymers
[9, 23-25]. Three types of reactions are important in
ABA photoaffinity labelling: isomerization (involving the
side-chain chromophore), photolysis (involving both
side-chain and enone chromophore) and hydrogen ab-
straction (involving the enone chromophore). Both
isomerization and photolysis must be reduced as much as
possible, while retaining hydrogen abstraction. This re-
quires the lower irradiation boundary to be increased

such that = — n* transitions are virtually absent, leaving
the n —» n* transitions (Fig. 6A). The molar extinction
coefficient can be thought of as a measure of the efficiency
of photon capture. Due to the difference in the molar
extinction coefficient [e, (7 — m*): 26 000 cm* mole™!
vs ¢, (n—7*): S0cm’mole”'] the lower boundary
must be close to A,,, for the n - n* transition.

In the unconjugated ABA molecule both ring and
side-chain are fully exposed to UV irradiation. When no
filter is introduced in the UV beam, both photolysis and
isomerization occur simultaneously (Fig. 1A). Increasing
the lower irradiation boundary gradually filters out the
wavelengths responsible for isomerization (around
260 nm) (Fig. 1B, C). As the boundary exceeds 318 nm,
the n — m* transitions are, likewise, strongly reduced,
resulting in a near cessation of photolysis (Fig. 1D).

Plancher [22] irradiated ABA using a 254 nm UV
source. This wavelength induces only the n—n*
transitions of both enone and side-chain chromophores.
Apart from ABA and all trans-ABA, three minor prod-
ucts, supposedly the 4-cis-isomers and ABA-1',4’-perox-
ide, were isolated. Irradiation resulted in near-equimolar
mixtures of ABA and all trans-ABA, while photolysis
reduced the total amount of ABA. Increased photolysis
when the irradiating wavelength neared 310 nm, was
observed by Brabham and Biggs [21]. By using HPLC
analysis, we likewise found three minor products in addi-
tion to the all trans-ABA peak (data not shown), as well
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as loss of total ABA. These results demonstrate the im-
portance of selecting an optimal wavelength for ABA
cross-linking studies.

Conjugating ABA to a protein through its side-chain
induces a red shift in the A,, of this chromophore and
shields it from UV irradiation. On the other hand, sus-
ceptibility of the protein towards UV photolysis might be
enhanced by intersystem crossings of excited ABA side-
chain to aromatic or sulphur-containing amino acids
[5, 8, 11]. However, conjugation of ABA to proteins
appeared to stabilize it towards photolysis and possibly
isomerization. Loss of ABA was not as severe as the loss
of unconjugated ABA under the same conditions
(Figs 1A, B and 2A). Protein photolysis also occurred
(Figs 2C and 3A, B), but as the lower boundary was
raised above 290 nm (r < 0.01) photolysis of proteins was
no longer detectable.

Conjugation of ABA to protein may sterically hinder
its association with, and hence its affinity towards,
a binding protein. Only proteins binding ABA at its
cognate binding site at the moment of irradiation can be
specifically cross-linked. The extent of cross-linking is
determined by the reactant’s orientation and envir-
onment [5, 8, 19]. Other proteins might become cross-
linked, if the ABA diradical intermediates have a
relatively long lifetime, resulting in pseudo-affinity labell-
ing or non-specific attachment [7, 12—-14]. Non-specific
cross-linking also occurs if solute proteins generate
photoactivated amino acid residues, notably the aro-
matic residues, that are able to cross-link this protein to
the coating matrix [5, 8]. We demonstrated, that all
non-covalently bound proteins remaining attached to the
coating as the irradiated solution is discarded, can be
removed by washing with acidic urea (Fig. 4).

By conjugating ABA through either the side-chain or
the ring, discrimination between putative ABA-binding
proteins is possible, as demonstrated in Fig. 5. Those
proteins that specifically recognize the ring structure are
bound by C,-immobilized ABA, whereas those recogniz-
ing the side-chain can not bind. Anti-ABA antibodies
raised against C,-conjugated ABA (3G4 and Nan1) were
specifically cross-linked to the ABA-C,-KLH conjugate,
whereas the anti-ABA antibody Nan2, raised against
C,-conjugated ABA, was hardly so. Moreover, the influ-
ence of the affinity towards the ring structure on the
cross-linking efficiency is exemplified by Nanl and 3G4.
The displacement of Nanl by an increasing amount of
ABA from ABA-C,-KLH-coated microtitre plates re-
quired a two log units higher concentration of free ABA
than 3G4. Since binding was specific, this indicates
a much stronger affinity for conjugated ABA on the part
of Nan1, and consequently a higher cross-linking efficien-
cy (Fig. 5B).

From the optimization of the UV-cross-linking condi-
tions, it can be concluded that C,-conjugated ABA is an
excellent photoaffinity label, provided the lower bound-
ary of the irradiating UV light is above 290 nm. Maximal
cross-linking is achieved within 5 min, minimizing UV-
induced photolysis or activity loss of proteins. Conjuga-
tion of ABA not only stabilizes this ligand, but also
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allows its immobilization as a coating on microtitre
plates, facilitating the separation of bound or cross-
linked and non-attached binding proteins. The method
should be applicable to the identification and analysis of
ABA-binding proteins in plant extracts.

EXPERIMENTAL

Antibodies. The mouse anti-ABA monoclonal anti-
body 3G4 [26] and the ABA-C-KLH conjugate were
obtained from Dr C. Vonk (DLO-CABO, Wageningen,
The Netherlands). 3G4 was raised against pig thyro-
globulin C,-conjugated ABA. The mouse anti-ABA
monoclonal antibodies Nan1 and Nan2 were a gift from
Prof. X. Zhou (Nanjing University, Peoples Republic of
China). Nanl was raised against (4)-ABA-C,-BSA,
whereas Nan2 was raised against (+)-ABA-C}-BSA.
These antibodies were chromatographically purified and
stored, lyophilized, in the presence of BSA. Nanl was
diluted to give the same signal as 3G4 in an indirect
ABA-enzyme immunoassay standard curve. Nan2 was
used at arbitrary dilution (atmost at the dilution used for
Nanl).

Synthesis of ABA-C,-AP. ABA was converted to its
N-hydroxysuccinimide (NHS) ester by adding 15.6 mg
(75 umo}) dicyclohexylcarbodiimide to a stirred soln of
2.6 mg (10 ymol) ABA and 1.2 mg (11 pmol) NHS in 1 mi
dioxan. The reaction was initiated by the addition of
10 g1 0.1 M HCI in water and allowed to proceed over-
night at room temp. Then 10zl 1 M HCI was added.
After another hr the pptd dicyclohexylurea was filtered
off using a Millipore AP25 filter. Conversion was
checked by HPLC using a RP C,4-column eluted with
MeOH-H,O (1:1), containing 0.01% HOAc.

Dioxan was evapd in a fume hood under a flow of air.
The residue was dissolved in 100 ul DMF and added to
1 ml 50 mM Na-P; buffer (pH 8.5), containing 1 mg AP
(EC 3.1.3.1; 33.4 ukatmg ~ !). Conjugation was allowed to
proceed overnight at 4° under stirring.

The ABA-C,-AP was concentrated in a Microcon-100
(Amicon) and washed twice with Tri-TES buffered saline
(TTBST) containing 0.5% (w/v) BSA. The final retentate
was recovered, diluted to 1 mgml~! with washing buffer
and stored at 4°. Enzyme activity was tested by adding
10 gl of a dilution series in TTBST to 200 ul 1 mg ml~!
p-minophenyl phosphate (pNPP) in coating buffer. The
conjugate was also tested in a direct assay (Fig. 7) using
free ABA as competitor.

Immunoassays. Flat-bottomed microtitre plates, 8-well
strips, seals and lids were obtained from Costar Nuc-
leopore. During the incubation periods plates or strips
were always sealed, covered and placed on a tightly
fitting piece of Al before wrapping in Al foil. The sealing
prevented solvent evapn, whereas the 3 mm thick metal
slab ensured an evenly distributed incubation temp. Un-
less stated otherwise, incubations were typically 3 hr at
35° and plates were washed x6 with PBST between
incubations. Enzymatic colour development was stopped
by adding 50 1 5 M KOH to each well when an absorb-
ance above 1.2 was reached. Ten min later the plates were
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enzymatic assay using pNPP as substrate; 10: UV irradiation of samples; 11: removal of non-covalently bound
antibodies by washing. For further explanation, see Experimental.

read at 405 nm on a Merck MIOS-reader (Dynatech
7000).

Plates or strips were coated with 200 ulwell™! of
protein (10 ugml™') or goat anti-mouse antibody
(1 ugml ™) soln in coating buffer (34.8 mM NaHCO,,
160mM Na,CO; (pH 9.6), 6.5mM NaN,, 0.5mM
MgCl,). Plates were incubated for at least 24 hr at 4° and
washed x2 with H,O and 3x with PBST (8.1 mM
Na,;HPO,, 1.5 mM KH,PO, (pH 7.3), 137 mM Na(Cl,
27mM KCl, 6.5 mM NaNj;, 0.05% (v/v) Tween-20) us-
ing a Merck washer (Dynatech MR 7000). Thereupon,
either of three types of assay procedures were followed, as
outlined in Fig. 7.

1. Direct assay: Goat anti-mouse-coated plates were
used (1). A soln of mouse anti-ABA antibodies in TTBST
(as PBST, but with 10 mM Tris—-HCI and 10 mM TES
(pH 7.4) instead of the phosphate saits) was added (2).
After incubation the plates were blocked with 1% (w/v)
BSA in 50 mM Na-P, buffer (pH 8.5) for 1 hr at room
temp. Binding of ABA protein conjugate was then ana-
lysed with 200 ulwell ™! (+)-ABA-C,-AP (100 ngml ™ })
in TTBST containing 0.5% (w/v) BSA (3), followed by
PNPP (200 ul well ™!, 1 mgml~!) in coating buffer (4).

2. Indirect assay: Plates were coated with (+)-ABA-
C,-KLH (5). To each well, 200 gl of anti-ABA antibodies
3G4 or Nanl in TTBST was added (6). The amount of
mouse antibodies retained in the wells, was subsequently

assayed using goat anti-mouse-AP conjugate in TTBST
containing 0.5% (w/v) BSA (200 ul well ™) (7), followed
by pNPP in coating buffer (8).

3. Photoaffinity labelling: This procedure was adapted
from the indirect assay, using (+)-ABA-C,-KLH-coated
strips. After incubation with mouse antlbodles 9), wells
were irradiated in order to cross-link the antibody to
(£)-ABA-C,-KLH (10). To remove non-covalently
bound antibodies after irradiation, strips were soaked
% 3 with 250 pl well " ! of 250 mM glycine—HCI (pH 3.0)
containing 6 M urea for 10 min at ambient temp. (11).
After the third soaking strips were washed with H,O
(x2), followed by PBST (x3). The strips were then
treated as described for the indirect assay (12, 13).

Light source and sample irradiation. There is no con-
sensus about the equipment to be used in photoaffinity
labelling (sec refs cited in [5] and [7] ). UV sources vary
from magnesium flash bulbs to 1 kW Xe(Hg) pressure
lamps. Samples have been irradiated discontinuously in
multiple, short pulses or continuously for 1-10 min, at
distances ranging from 1-30 cm. To study ABA cross-
linking, a UV source similar to the one used by Hornberg
and Weiler [2] was adapted to optimize irradiation con-
ditions.

An Oriel UV source equipped with a HBO 500 W/2
Hg arc lamp (Ushio) was used in all cross-linking experi-
ments. An optical system was fitted to the lamp house to
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Fig. 8. Schematic diagram of the UV equipment used to cross-link ABA to proteins. A: side view of the optical
system: a: lamp house; b: lineator; ¢: water filter; d: shutter; e: filter holder; f: condensing lens; g: dichroic mirror; h:
diaphragm; i: tube; j: supporting rod: k: ground plate. The effect of cut-on filter insertion on the lower spectral
boundary of the dichroic mirror is shown in B. C shows the front view of the complete set-up (vertical and
horizontal orientation is indicated by the knicked arrow): l: power supply; m: lamp house and optical system
(details shown in A); n: cuvette holder; o: microtitre strip holder (details shown in D); p: cooling unit. D is a top
view of the assembly for irradiating microtitre strips: q: plate attached to cross-table on box; r: strip holder showing
strips in slots and positioning holes; s: PVC cover plate with slot and positioning pins. The axes indicate the plane
at which the diagram is positioned.

obtain a versatile set-up (details given in Fig. 8A). The
whole set-up was placed in a rack, covered with UV-
impermeable perspex. Sample temp. was maintained at
about 0° using a thermostat bath coupled to a cooling
unit.

By turning the dichroic mirror, samples in either
cuvettes or microtitre strips could be irradiated (Fig. 8C).
Quartz cuvettes were placed in a cooled, windowed
jacket. A mirror in the opposite wall of the jacket reflec-
ted the incoming beam back into the test soln. Strips were
cooled by inserting them into slots in an Al block, fitting
tightly on a cross-table (details in Fig. 8D). This cross-
table was fitted to a cooled container. A PVC plate was
placed directly above the plates to prevent irradiation of
adjacent wells. A slit in the plate exposed a row of four
wells to the light beam. Exact positioning was obtained
by manipulation of the cross-table and pins passing
through the plate into the Al block.

The dichroic mirror was used to create a UV band
with a lower boundary at 260 nm and an upper one at
530 nm (reflection at or beyond boundaries, less than
10%). Long pass, cut-on filters (WGxxx, where xxx
indicates the wavelength) were obtained from Schott.
These filters were used to selectively increase the lower
boundary, i.e. reduce irradiance at the lower wavelengths
(Fig. 8B). All filters were 2 mm thick and had an internal

PHYTO 39:5-8

Table 3. Transmittance and spectral irradiance of the UV beam
at different wavelengths using different long pass, cut-on filters
using a HBO 500 W/2 Hg arc lamp as source (data collected
from Schott catalogue 3531/4d and Oriel Euro catalogue vol. IT)

A 300 nm 350 nm 400 nm
Filter 78 E?’ T E. T E,
None - 1.25 — 0.97 — 482
WG305  0.56 0.70 092 0.89 0.92 4.43
WG320 0.04 0.05 0.87 0.84 0.90 434
WG345 2:107° 3-107° 0.75 0.73 0.83 4.00

*Transmittance for 2 mm thick filters calculated according to
7= P-17 (P, 1, obtained from Schott catalogue).

“Estimated spectral irradiance in mWem™2nm~! of UV-
beam at given wavelength corrected for reflection values of
optical system components as given by manufacturers.

transmittance (t;) of 0.81 at the indicated wavelength.
The transmittance (tr) and spectral irradiance (E,) at
other wavelengths were calculated using the physical
properties given by the manufacturer (Table 3).

Sample irradiation. Proteins (3G4, Nanl and AP) and
conjugated ABA (as ( + }-ABA-C,-AP) were irradiated in



968

TTBST either in quartz cuvettes or in microtitre strips.
Photo-oxidation was prevented by NaNj;, present in the
buffers [S]. Samples (200 ul) were withdrawn from the
cuvettes at indicated time intervals, placed on ice and
analysed. Wells from microtitre strips were individually
sampled. Anti-ABA antibodies were analysed using the
direct assay. To follow the fate of ABA when conjugated
to protein, samples (50 pl 200 ngml ™ !) were made up to
200 plwell ™! with TTBST containing 0.5% (w/v) BSA,
and assayed for binding to 3G4. AP activity was checked
by adding 10 g4l diluted (+)-ABA-C,-AP samples to
200 ul pNPP in coating buffer.

Abscisic acid analysis by HPLC. Free (+)-ABA was
irradiated at 100 @M in H,O. Samples (200 ul) were
taken at the indicated times and placed on ice. Then,
100 ul of each sample was subjected to HPLC (Chrom-
pack): RP C,; prep. column (Chrompack uBond,
250 x 10 mm) eluted with a linear gradient of 10 to 80%
MeOH in H,O containing 0.01% HOAc. The eluent was
monitored at 267 nm. All samples were analysed relative
to the peak area of a 100 ui 100 uM (4 )-ABA standard.
The R,s of (£)-all trans-ABA and (+)-ABA were deter-
mined by injection of the pure isomers and used as
calibration.

UV-induced cross-linking. Strips, coated with (4)-
ABA-C,-KLH or unmodified KLH, were incubated with
mouse antibodies. The (+)-ABA-C,-KLH-coated strips
were placed in the middle slots of the block, flanked by
KLH-coated strips in the outer slots. Four wells were
irradiated simultaneously (one of each strip) for the in-
dicated time. The power supply was set at 450 W. Filters
were inserted into the beam to vary the lower boundary
of the UV band. Irradiated strips were placed on ice prior
to analysis as described under photoaffinity labelling.
The KLH-coated strips were used as controls to measure
absorption and non-specific cross-linking of the mouse
antibodies. These values were substracted from the (4)-
ABA-C,-KLH measurements to obtain the photoaffinity
cross-linking curve.
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