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Dark, grown corn coleoptiles 3 to 8 days old are harvested in subdued light with
immediate transfer to LN 2 in a 100 ml round-bottom flask. The flask is immediately
attached to a preconditioned vacuum line at about 10- 5 torr O 2. The round-bottom
flask is immersed in antifreeze and kept at - 5°C while the sample is lyophilized to
less than 0.02 percent of dry weight. Maintenance of the round-bottom flaskat -5°C
is critical; warming of the plant material, particularly until O2 is evacuated to about
10- 5 torr, results in a return to the liquid state where oxidation of IAA will take
place. Properly dried material will retain its color and will be brittle.

The sample's dry weight is recorded and an appropriate amount taken for IAA
determination: 200 mg is sufficient for corn epicotyls. The sample is placed in a
30-ml Corex centrifuge tube to which 10 ml solvent (90 percent ethyl acetate [EtOAc]
and 10 percent acetonitrile [CH3CN], both degassed), BHT, and 2-14C-IAA are added.

The sample is homogenized (e.g., Polytron for about 1 minute), centrifuged for 30
minutes at 10,000 RPM at OOC, and the pellet is re-extracted twice in similar fashion.
The extracts are combined and taken to dryness in a small vial on a rotary film
evaporator (RFE), solubilized with 1 ml 20 percent methanol (MeOH) in 0.1 M
acetic acid, and injected into an ODS-18 semiprep column (10 X 150 mm) with a
30-minute linear gradient elution from 20 percent MeOH in 0.1 M acetic acid to
100 percent MeOH at 2 ml per minute. The eluate is collected at the approximate
Rf for IAA, partitioned against EtOAc, and the EtOAc fraction dried on a RFE and
methylated. The methylation is conveniently accomplished by adding 1 ml benzene to
the sample, followed by 2 ml BC13/10 percent MeOH, and heated for 1 hour at 40°C.
The sample is cooled, then partitioned against 1 ml water. The water phase is dis
carded, the benzene phase dried on an RFE, and the sample resuspended in the desired
volume of MeOH.

1. Fresh sample into LN2' 100-ml flask.

2. Vacuum at about 10-~ torr 02; immerse flask in ethylene glycol maintained at - 5°C;
dry to <0.02cro H20.

3. Record dry wt; transfer to Corex centrifuge tube; add solvent (90cro EtOAc, 10ro CH3CN);
add 2- 14C-IAA internal standard; homogenize.

4. Centrifuge 30' at 10,000 RPM; re-extract pellet and centrifuge 2X.

5. RFE in small vial.

6. Add EtOAc and PVP; mix 1 hr filter PVP; rinse with EtOAc; discard both rinse and
filtrate.

7. Elute IAA from PVP with small portions of methanol; collect eluate; RFE.

8. Apply on polyamide-6layers and TLC (twice in chloroform, followed if necessary by EtOAc,
isopropanol, ammonia) (45:40:23 v/v/v/).

9. HPLC of IAA fraction on reverse phase C-18 Bondapak; isocratic with 20cro CH3CN in
aqueous 0.05M NH4H2P04.

10. Collect at IAA R t and HPLC on reverse phase CN Bondapak; isocratic with mobile phase
in step 9.

11. Collect at IAA Rt ; RFE; methylate.

12. Aliquots for counting, NP-GC, and GC-MS.

Fig. 10. Outline for extracting IAA from apple tissue samples with high contaminant content
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Once the purified, methylated sample is prepared, several reliable methods for deter
mining the lAA content can be employed, including NP-GC, gas chromatography-mass
spectrometry (GC-MS), UV spectrophotometry, infrared spectrophotometry, and nuclear
magnetic resonance. Whichever method is used, an additional aliquot is assayed by
scintillation counting to account for workup losses.

High-Contaminant Presence

The fresh sample of apple tree tissue is harvested for immediate immersion in LN2

and processed as given in figure 9 through step 5. Hereafter, additional purification
steps are added that are necessary for satisfactory separation of IAA from interfering
substances in apple tissue. The sample is solubilized in EtOAc and mixed with PVP
for 1 hour. PVP is filtered from the sample, rinsed with EtOAc, and both the filtrate
and rinse discarded. IAA is removed from PVP with methanol and the extract is
further purified through a combination of TLC and HPLC steps to obtain a suffi
ciently pure final extract for assay by several available methods previously mentioned.

CONCLUSION

The general IAA processing systems presented (figs. 9, 10) are easily used and will
allow later measurement of free lAA with confidence. Our investigations support
the findings of others (Link, Eggers, and Moulton 1941; Galston and Hillman 1961;
Hinman and Lang 1965; Nakajima and Yamazaki 1979; Ricard and Job 1974) that
presence of O2 during sample workup can lead to IAA destruction. Using vacuum
drying at about 10-5 torr O2 of frozen material precludes IAA destruction as peroxi
dases and oxidases are unable to function. While useful, adding chemicals to discourage
oxidation is not sufficiently effective to prevent oxidation of lAA. A crucial feature
of our procedure involves maintenance of the frozen condition during lyophilization,
a factor made evident by Link, Eggers, and Moulton (1941) who showed that when
frozen material thaws IAA oxidation can occur. Archbold and Dennis (1984) have
shown lAA degradation during lyophilization. Their system used bottom heat to
increase the vapor-pressure gradient (Archbold, personal communication); this type of
IAA degradation, induced by thawing, was reported previously by Link, Eggers, and
Moulton (1941). Thus, warming of frozen plant material provides a favorable environ
ment for lAA destruction. Maintaining the drying flask at - 5°C decreases the vapor
pressure gradient and lengthens drying time.

Employment of an internal standard is an absolute requirement in any quantifying
of lAA. Because the desired effects of internal standardization do not take place
instantaneously, it is essential that in situ lAA and exogenous marker IAA be protected
from oxidative catabolism by excluding oxygen or the creation of an anhydrous non
reactive environment until the exogenous marker becomes homogeneously mixed with
the pool of endogenous IAA to be determined.

Since hydrolytic enzymatic activity requires the presence of water, extractive quan
tification of free lAA under anhydrous conditions will also prevent release of lAA
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from conjugated forms during workup. Conjugated IAA is reported to constitute a
major portion of total IAA (Bandurski and Schulze 1977) and its uncontrolled hydrol
ysis could significantly confound the determination of free IAA.
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