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The present note discusses the validity of the triple
response of etiolated pea seedlings as a measure of
gaseous ethylene produetion by living material. The

triple response has been used frequently by physiolo-

gists as a measure of ethylene production by ripening
fruit, by fungi, and by injured and healthy plant tis-
sues. The evidence presented below suggests that when
ethyl aleohol is also produced by living material, as
with certain fungi, the triple response is unreliable
as a specific detector of ethylene.

Living plant tissues may not only produce ethylene
but also may be affected by it in very low concentra-
tion. Tomatoes respond epinastically to concentrations
of ethylene in air as low as 0.1 ppm by volume and
epinastic responses are shown by African marigold to
concentrations of 0.001 ppm (). Chemical methods
for determining ethylene will usually not detect such
low concentrations unless considerable quantities of
material are available. For this reason bioassays for
ethylene have been developed. The most commonly
employed of these is the triple response of etiolated
Alaska pea seedlings in which concentrations of ethyl-
ene as low as 0.05 ppm will induce a shortening of the
epicotyl, a curvature of the apical plumule, and an
increase in diameter of the epicotyl (2, 3). At very
low concentrations only the epicotyl is shortened; at
higher concentrations all three responses appear (1).
The triple response is a quantitative test for ethylene,
and has come to be widely accepted as a specific de-
tector of ethylene arising from living material (4).

Certain materials that affect the growth of plants
will not interfere with the triple response test. Gases
such as acetylene, propylene, and carbon monoxide
can be detected by the triple response in concentra-
tions as low as 250, 1000, and 5000 ppm, respectively
(1). These gases do not arise from living material,
however. The known natural plant hormones other
than ethylene are nonvolatile from plants and cannot
interfere because of the manner in which the test is
set up. However, volatile compounds other than ethyl-
ene arise from living material and the reliability of
the triple response as a specific indicator for ethylene
depends upon a demonstration that volatile compounds
other than ethylene do not elicit the triple response in
etiolated pea seedlings.

In recent studies dealing with the production of
ethylene by the fungus Fusarium oxysporum f. lyco-

1Conducted under Contract AT-(830-1)-580 between the

Atomic Energy Commission and The Connecticut Agricultural
Experiment Station.
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persici, it became necessary to measure the production
of ethylene in the presence of ethyl alecohol. To deter-
mine whether or not ethyl alecohol affects the triple
response, etiolated pea seedlings were exposed to alco-
hol vapor. Alaska peas? were soaked overnight in dis-
tilled water and were then transferred to filter paper
sheets in Petri dishes, 75 seeds per dish. The dishes
were watered with saturated CaSO, solution and were
then placed in a dark cupboard at room temperature
for 2 days. At the end of this time the 50 most uni-
form germinating seedlings were left in the dishes,
the others were discarded. One Petri dish containing
seedlings was placed in each of three empty desicea-
tors (2.1 1 capacity), containing 100 ml of water or
alcohol solution, ranging in concentration from 0.1 to
1.0% by volume. Desiccators were then closed and
placed in a dark cupboard for 3.5 days. At the end
of this time the length and diameter of epicotyls and
the angle of curvature of the growing point were
measured. Epicotyl lengths were then converted to
logarithms, whereas plumule angles and epicotyl di-
ameters were not transformed before statistical analy-
sis.

TaBLE 1. Response of etiolated pea seedlings to
ethyl aleohol vapor.

Logarithm .
Concentration g of Angle of Dlan%eter
of aleohol epicotyl plumule 0 vl
(%) length (deg) e](nc;)ngr
(log mm) m
0.0 1.17 99 2.52
0.1 0.86 87 2.58
1.0 0.60 66 2.51
Least significant
mean difference
(P:0.05) 0.06 12 0.10

Exposure to ethyl alcohol significantly reduced the
length of pea epicotyls and the angle between the
plumule and the epicotyl below (Table 1). These are
the two responses commonly used by investigators to
indicate a positive triple response. This result has

.been confirmed in repeated experiments.

Ethyl aleohol is frequently formed in biologieal ma-
terial under circumstances where ethylene might be
expected to occur. In the present study it was found
that Fusarium produces both ethylene and ethyl aleo-
hol in culture (5). Ripening fruit also produces both
compounds simultaneously (6). Apparently where
ethyl aleohol may be present, the triple response of
etiolated peas cannot be used as a reliable indicator
for the presence of ethylene.

‘When ethyl alcohol may be present, ethylene can
be detected in a number of ways. Tomatoes respond
epinastically in the presence of 0.1 ppm ethylene (1).

2 Supplied through the courtesy of Associated Seed Grow-
ers, New Haven, Conn. :
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In the present study, tomato cuttings exposed to alco-
hol vapor arising from solutions of aleohol ranging
from 0.1 to 959 by volume did not respond epinasti-
cally. A safer method involves the quantitative mano-
metric method in which ethylene is trapped by mer-
curic perchlorate and released again with hydrochloric
acid (7). This method may not be sufficiently sensi-
tive for measuring very small quantities of ethylene.
In such a case, it has been found satisfactory to trap
the ethylene in mercurie perchlorate solution and to
release it again in a closed vessel of small volume in
which tomato plants are confined (5). The epinastic
response of these plants will then be specific for
ethylene if the gas arose from biological materials or
did not contain other unsaturated hydrocarhons. Alter-
natively, the triple response can be unsed as a quanti-
tative measure of the ethylene released from perchlo-
rate solution on addition of hydrochloric acid.
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Successful Transplantation of an
Apparently Benign Neoplasm

Robert H. Foulkes?

Edsel B, Ford Institute for Medical Research,
Henry Ford Hospital, Detroit, Michigan

A spontaneous mammary pericanalicular fibroade-
noma developed in a female albino rat of the Sprague-
Dawley strain. Grossly the tumor was a hard, white,
homogeneous, lobulated, encapsulated, palpable mass.
Six months after complete removal, no recurrence was
indicated.

As indicated in the treatise by Greenstein (1), some
investigators consider benign tumors incapable of fur-
ther growth by transplantation. Small pieces of the
present tumor, 2 ml thick by 3-4 ml in diameter, were
implanted subcutaneously along the milk line of albino
female rats. Of the transplants, 4 of 4 in the first,
5 of 6 in the second, 6 of 8 in the third, and 3 of 4 in
the fourth generation continued to grow into large
tumors. Increase in the size of transplant was not evi-
dent for 4-7 wk after transplantation. If no inerease
was evident after 8 wk, no growth occurred later. His-
tology of the tumors remained the same in each gen-
eration.

Transplantations into 4 male rats and 4 female mice

1 Adelaide Skinner Fellow in Cancer Research.
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(Webster albino) have been unsuceessful. Transplan-
tation by injection of macerated suspensions of the
tumor have so far failed. The transplantations are
being continued. Any significant change in the ap-
pearance or behavior of this tumor will be reported.
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Circular Paper Chromatography
IL Isatin as a Color Reagent
for Amino Acids
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In a previous publication (1), studies were pre-
sented of the physical factors that may influence R;
values for the ecircular chromatographic method
(2, 3). Among the advantages of this method is the
possibility of cutting the chromatogram into a num-
ber of segments and using various eolor producing
reagents for each segment. Thus, it is possible to
identify an individual amino acid in a band containing
several other amino acids by means of specific color
reactions. A number of such specific reagents which
give colors with one or several amino acids have been
mentioned in the literature (4, 5). This is in contra-
distinetion to the use of ninhydrin (6-8) as the color-
ing reagent “par excellence” which gives purple or
blue colors with virtually all the amino acids found in
protein hydrolyzates. Exceptions to this color reaction
with ninhydrin are the imino acids, proline and hy-
droxyproline, which give faint yellow eolors. It was
for this reason that Acher, Fromageot, and Jutisz (9)
first proposed the use of isatin in n-butanol-acetic
acid solution as a highly specific reagent which gives
intense blue-green colors for proline and hydroxy-
proline on paper chromatograms. Their use of this re-
agent is based upon the experimental studies of Grass-
mann and Arnim (10, 11) on the reaction of isatin
with pyrrole ring compounds to give eolored products.

The chemistry of isatin is discussed in the textbook
of Morton (12) and in a review paper by Sumpter
(13). These sources point out that isatin reacts with
both imines and amines to form products which in
many cases are colored. However, only sporadie refer-
ences were found to the reaction of isatin with amino.
acids in general (14, 15). Although isatin is now gen-
erally used as a specific reagent for the identification
of proline and hydroxyproline on paper chromato-

1The authors wish to acknowledge the aid of Dr. Bruno W.
Volk, Director of Laboratories, who permitted part of the
experimental work in this paper to be performed under Grant
No. B-285 of the U.S. Public Health Service dealing with the
general subject of “Protein Studies in Chronic Diseases.”” We

also wish to thank Miss Renee Bisner for editing and typing
the manuscript.
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