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FORMATIVE EFFECTS INDUCED WITH™
B-NAPHTHOXYACETIC ACID!

P. W. ZIMMERMAN AND A. E. HiTcHcock

Mention has frequently been made of the varied responses induced by
many growth substances though all have in common the capacity to initi-
ate root primordia. The naphthalene group includes a number of the most
active substances. Two of these are a-naphthaleneacetic acid and S8-naph-
thoxyacetic acid and their derivatives. The former was first described as a
physiologically active substance in 1935 (10). 8-Naphthoxyacetic acid was
first mentioned as an active substance by Irvine (7) in 1938. In 1939 it was
again mentioned in two papers by the present authors (8, 9) and in two by
Bausor (1, 2). Bausor, Reinhart, and Tice (3) reported in 1940 on histolo-
gical peculiarities induced by this chemical.

The purpose of the present paper is to report some interesting modlﬁca-
tions of plant organs induced by 8-naphthoxyacetic acid and its derivatives
applied as a spray, as a vapor, or added to the soil.

MATERIALS AND METHODS

B-Naphthoxyacetic acid (NOA) was synthesized in our laboratory.
Directions for preparing it are as follows: Dissolve 48 grams of 8-naphthol
and 25 grams of potassium hydroxide in 450 cc. of water and mix with 30
grams of chloroacetic acid and 25 grams of potassium hydroxide dissolved
in 250 cc. of water. Pour the mixture into a flask and reflux for one to two
hours on steam bath. Upon cooling, potassium naphthoxyacetate precipi-
tates. The salt is only slightly soluble in alcohol or water. Filter the mix-
ture and wash with water or alcohol. After the salt has been dried, add 5
grams to 100 cc. of 50 per cent acid (5 per cent sulphuric or hydrochloric)
alcohol. The precipitate will dissolve. Next add 250 cc. of water, and S-
naphthoxyacetic acid precipitates out. Collect on a Biichner filter. The
acid can be improved and purified by redissolving in alcohol and again pre-
cipitating with distilled water. This process can be repeated until the acid
has a melting point of 154° to 156° C.

a-Naphthoxyacetic acid is synthesized by using a-naphthol instead of
the beta form. It was not used in the present experiments because itis only
slightly active.

A convenient stock solution of 10 mg./cc. in 95 per cent alcohol served
for making dilutions. The concentrations used ranged from 100 mg./l. to
1000 mg./l. The substance was applied as a spray with an atomizer,

! This article was preprinted March 18, 1941. .
Copyright, 1941, by Boyce Thompson Institute for Plant Research, Inc.

(1)
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FIGURE 1. Modifications of leaves induced by naphthoxyacetic acid sprayed on the tip
of the stem. A. Hibiscus leaves which grew after tip had been sprayed with 300 mg./l.
Normal leaf on left was near the tip when experiment started. Note clearing of veins and
difference in size and pattern of the leaves. B. Tomato leaves from one plant sprayed twice
with 300 mg./l. Normal leaf on upper left. C. Tomato leaves from one plant in series from
normal (left) toward tip, 31 days after tip was sprayed with 250 mg./l. Note slight modifica-
tions and recovery.
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Spreaders such as casein, Aerosol, or Penetrol and lanolin emulsions were
sometimes used but these were not essential. The higher concentrations
were used with alcoholic solutions or emulsions.

When used as a vapor the crystals were heated under a bell jar with the
plants as described in earlier publications (8, 9). The esters are more vola-
tile than the acid or the acetamide and can be applied without heat. Soil
treatments usually consisted of 50 cc. of the solution (concentration oo
to 1000 mg./l.) applied to the soil in a four-inch pot. Only one treatment
was necessary for the most sensitive species.

The plants responding most readily were tomato (Lycopersicon esculen-
tum Mill.), hibiscus (Hibiscus rosa-sinensis L.), Turkish tobacco (Nico-
tiana tabacum L.), sensitive plant (Mimosa pudica L.), fuchsia (Fuchsia
hybrida Voss.), Jerusalem artichoke (Helianthus tuberosus L.), marigold
(Tagetes erecta L.), and yellow Paris daisy (Chrysanthemum frutescens L.).

EXPERIMENTAL RESULTS

Formative effects on leaves. B-Naphthoxyacetic acid has in common with
many other growth substances the capacity to induce epinasty of leaves,
curvature of stems, swelling and proliferation of tissue, inhibition of buds,
retardation of roots, etc. It differs from other hormone-like compounds in
its effects on leaves and flowers.

Leaves of hibiscus which grew after the tip of the plant was sprayed
with 100 mg./l. to 1000 mg./1. of naphthoxyacetic acid in water were modi-
fied in form and venation. Several modifications produced by one plant are
illustrated in Figure 1 A. The plant had been sprayed at the growing point
three different times at seven-day intervals with 300 mg./l. of naphthoxy-
acetic acid in water. The leaves were modified in size, shape, veins, and
serrate projections at the edge and tip. The picture shows the progressive
stages to the most pronounced modification and finally signs of recovery.

The peculiar clearing of the veins is notable. When viewed with trans-
mitted light the modified leaves appeared to have nearly transparent veins, a
characteristic which is often associated with virus diseases (4). The leaf on
the right in Figure 1 A shows transparent veins near the midrib though the
outer part is nearly normal. The effect of the chemical was nearly lost
when the younger (outer) part of the leaf developed. The next leaf to grow
was apparently normal. The shape of old leaves was not affected by the
substance. To bring about modification either new leaves or parts of leaves
had to grow under the influence of the chemical. R

Tomato leaves were modified in size, shape, type, number of leaflets,
pattern, and venation where the growing point was sprayed with solutions
or emulsions containing any concentration of naphthoxyacetic acid from
100 mg./l. to 1000 mg./l. To bring about pronounced modifications with
low concentrations it was necessary to repeat the application two or more
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Fi1GURE 2. Tomato plants treated with naphthoxyacetic acid. A. Left, control. Right,
plant exposed to vapors under bell jar for 24 hours. New leaves which grew after treatment
showed modification of pattern, shape, size of leaflets, and clearing of veins. B. Left, con-
trol. Right, plant treated on soil with 50 cc. of solution containing 300 mg./l. The insert
is an enlargement of the tip. Note how leaflets grew together, causing the midrib to push
through the opening: The curvature of the older part of the stem occurred within a few hours
after treatment. One leaf is only partly modified because it was partially formed when ex-
periment started.
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times. Figure 1 B illustrates the several peculiar types of leaves taken
from one plant 30 days after the plant had been sprayed with 300 mg./l.
of the substance. The leaf on the left of the upper row was near the growing
tip when the plant was treated. It grew to maturity with no noticeable
modification in shape. All other leaves produced thereafter were greatly
modified in size and shape. The veins showed clearing which, together
with the modified forms, resembled leaves of plants affected with tobacco
mosaic virus or mite infestation. Some types of virus diseases cause clear-
ing of the veins and frenching or fern-like tomato leaves. Some of the
treated plants produced several fern-like leaves in succession and then re-
verted to normal after the influence of the chemical disappeared. In con-
trast to frenching, some leaves showed failure of leaflets to separate, oc-
casionally forming a nearly simple leaf instead of compound. Frequently
the leaflets appeared on one side of the midrib but not on the other. Curl-
ing and twisting of growing leaves was striking. One such leaf is shown in
Figure 1 B. The light color of the tip is due to twisting so that the under
side shows on top. Many other modifications not easily described were evi-
dent. In general the response of the plants to naphthoxyacetic acid and its
derivatives is one of the best examples of chemical influence of a forma-
tive nature.

Recovery toward normal usually started within a month after treat-
ment, though there was much variation especially with the higher dosages.
When the growing tip of plants treated with high dosages was removed to
force axillary buds, the new shoots produced modified leaves. Nearly nor-
mal leaves grew on axillary shoots of plants treated with 100 mg./l.

Soil treatments involving 50 cc. of solution (250 mg./l.) brought out
many of the modifications described for sprays. The highest concentra-
tions caused even more modification and more lasting effects than sprays.
The leaves that grew after treatment were badly distorted. The tips of leaf-
lets often grew together, forcing the midrib to curl and grow through the
opening (Fig. 2 B). The treated plants produced new leaves showing a
series of modifications up to maximum distortion and then reverting to-
ward the normal as the chemical influence subsided.

Flowers on plants which were modified by soil treatment or repeated
applications of emulsions developed long, tubular calyxes with divisions
near the tip. The buds resembled those of the genus Geranium, known as
cranesbill.

Tomato plants were placed under bell jars and exposed to vapors of
naphthoxyacetic acid, the acetamide, and esters for a period of 24 hours.
The first effects were epinasty of all leaves and then inhibition of growth
without killing the growing points. Within a few days, however, growth
was resumed and all new leaves produced were considerably modified, as
shown in Figure 2 A. The modifying influence persisted for a considerable
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FiGure 3. Modifications induced with naphthoxyacetic acid. A. Mimosa plants show-
ing one control on the left and two plants sprayed at growing point with 300 mg./l. The
insert is an enlargement of a modified leaf to show the regular projections on leaflets. The
middle plant shows two fasciated leaves, the leaflets failing to separate from each other.
The plant on the right has a badly fasciated leaf that resembles a bloom, B. Paris daisy
showing control on left, and on right modification of leaves induced after being sprayed at
the growing tip with an emulsion containing 300 mg./1. of naphthoxyacetic acid. Photograph
taken 18 days after treatment.
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period of time but eventually the plants recovered and again produced
normal leaves. The effects in general were not as lasting as when the sub-
stance was applied to the soil. Also, the buds and flowers produced on the
plants treated with the vapors were approximately normal in contrast to
long, slender buds on plants modified through soil treatments.

Tobacco plants were sprayed at the growing point with emulsions and
water solutions of naphthoxyacetic acid. The leaves developing thereafter
curled downward and were modified in several ways. They were curled and
narrow and the veins showed clearing as if the plants had been attacked
by mites. The plants treated with 300 mg./l. of naphthoxyacetic acid grew
more rapidly in height and flowered considerably ahead of controls. The
leaves became nearly normal as the effect of the chemical disappeared.

Marigold plants treated with 300 and 500 mg./l. produced skeleton-
like leaves, the midribs becoming prominent with practically no blades.
The stems of treated plants became swollen and developed adventitious
roots.

The Paris daisy proved to be a very sensitive species. When treated at
the tip with concentrations of 100 to 300 mg./l. of naphthoxyacetic acid,
the young leaves curled downward within two hours and continued to
show pronounced epinasty for several days. New leaves which grew after
the chemical was applied were modified in size, shape, width of segments,
and size of the lamina, as shown in Figure 3 B. Clearing of veins was also
evident as described for hibiscus. The influence of the chemical was lost
within 30 to 40 days and new leaves which grew thereafter appeared
normal.

Rapidly growing artichoke plants were sprayed at the tips with 100
to 500 mg./l. of naphthoxyacetic acid solution. Within two hours the young
leaves showed epinasty and curling. Within 48 hours the stem tips became
swollen and soon thereafter produced adventitious roots. Stem elongation
was inhibited for several days, varying with the concentration of the chem-
ical. Many modifications appeared as the axillary buds grew or the termi-
nal bud resumed growth. Fasciation of leaves, lobing of leaves, clearing of
veins, growth of the midribs with small blades or lamina on one side only,
and opposite leaves grown together to make a tube around the terminal
bud, were some of the most evident results.

Mimosa plants were sprayed at the growing tip with 100, 300, and 500
mg./l. of naphthoxyacetic acid. The new leaves produced were modified
in various ways. The partially formed leaves at the time the plant was
treated developed with narrow leaflets resembling fern leaves and having
projections near the base of the leaflet. The regularity of these projections
indicated some morphological peculiarity which was not evident on the
normal leaf, but was greatly pronounced from the influence of the chemical.
Many leaves which were formed after the treatment showed considerable
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FIGURE 4. The modification of tomato fruit and flowers sprayed with 300 mg./l. of
naphthoxyacetic acid. A. Early parthenocarpic development and persistence of perianth
parts ten days after treatment. When the oldest flower (right) was fully open, the one on
left was just opening, and the two in middle (back) were closed buds. B. The same fruit as
shown in ““A” jo days after treatment. The perianth of the fruit on left was removed for
examination. C. Cross sections of normal fruit (above) with seeds, and seedless fruit (below)
induced with naphthoxyacetic acid.
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fasciation, leaflets failing to separate. In some cases two of the midribs
were fasclated, causing three rows of leaflets, one pointing upward. Some
of these formative effects are shown in Figure 3 A. The plants treated with
naphthoxyacetic acid were partially desensitized for a few days.

Formative effects on flowers and fruit. As mentioned above, the greatest
modification of flowers occurred on plants treated through the soil with
5o cc. of 250 to 1000 mg./l. of naphthoxyacetic acid. All organs of the
plant growing thereafter were considerably modified. Flower buds devel-
oped with long tubular calyxes, splitting only near the tip. They varied
from this pronounced modification to nearly normal and finally normal
flower buds after the influence of the chemical disappeared.

When normal flower buds just beginning to open were sprayed with
any of the concentrations mentioned above, the ovaries were induced to
enlarge rapidly and the perianth parts persisted for 10 to 30 days. This
peculiarity is shown in Figure 4 A. Also, the styles persisted and the stig-
mas appeared to be in a receptive condition for pollination for.a much
longer period than normal. During December to February, while these
experiments were under way, fruit set occurred only rarely on control
plants. However, clusters of flowers and buds sprayed with naphthoxyace-
tic acid set seedless fruit readily during this period. If the spray was ap-
plied when the first bud opened, the oldest flower and some of the others
developed, producing parthenocarpic (seedless) fruit. The youngest buds
usually withered and dropped. When the petals showed much withering,
the flower was too old to respond to the chemical treatment. Such flowers
usually withered within a few days after being sprayed and abscissed. The
number of fruit set varied from two to five. Table I shows the number of
fruit induced to set when flower clusters were sprayed. In no case were all
of the flowers induced to set fruit with one spraying. Either the youngest
or the oldest abscissed. Flowers in the bud stage at the time the spray was
applied frequently set fruit without opening. Emasculated flowers set
fruit poorly. Perhaps in this case a lower concentration of the substance
might have been more favorable. For practical purposes it would be best to
spray the clusters at two or more different stages of development, that
is, when the first two flowers are open and then at some later periods when
the younger flowers show considerable development.

When the seedless tomato fruit ripened, the taste was considerably
sweeter than normal fruit with seeds.

Normally the hibiscus does not develop seed pods in the Institute green-
houses. Parthenocarpic development of hibiscus ovaries was induced by
spraying the open flower with various concentrations of naphthoxyacetic
acid. Though the ovary was induced to grow, the seed did not set even
though the flowers were pollinated before and after chemical treatment.
When tomato flowers were pollinated after early parthenocarpic develop-
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ment a few seeds were formed. These were tested, however, for viability

and found viable.

Fuchsia flowers persisted for a long time and parthenocarpié develop-

TABLE 1

PARTHENOCARPIC DEVELOPMENT OF TOMATO OVARIES INDUCED BY SPRAYING THE FLOWER
CLUSTERS WITH NAPHTHOXYACETIC AcCID IN CONTRAST TO NATURAL
Fruit SET oF CONTROLS

Conc. Date No. of Stage of No.
o of flowers and development fruit Remarks
NOA treat- | buds when when set on a
spray ment treated sprayed Jan. 29
4oomg./l. | Jan. 15 5 Only one flower 4 Youngest bud still re-
open entirely mains
“ “ 2 open 4 2 buds starting to turn
1 starting to open yellow
“ “ 9 4 open 5 2 buds in good condition
I starting
soomg./l. | Jan. 20 5 3 open 3
“ “ 6 3 open 3 2 dead
“ “ 6 1 old flower 4 OId one abscissed
3 open
“ “ 5 All in bud stage 2 3 buds remaining
“ Jan. 24 5 3 open 3 2 buds in good condition
“ “ 4 1 opening 2 2 buds in good condition
u “ 4 I starting to open 3 1 bud small
“ “ 4 I starting to open 2 2 buds in good condition
“ “ 5 1 old flower 3 Old flower abscissed
2 buds opening
“ “ 4 2 open 3 1 bud still in good condi-
2 buds tion
“ “ 4 I open 2 1 dead, 1 bud remaining
1 starting
Check Jan. 15 4 1 flower o All dead
3 buds
Check “ 5 2 flowers 2 3 dead
shaken 3 buds
Check Jan. 20 4 2 flowers o All dead
2 buds
Check “ 6 2 flowers 2 4 dead
shaken 4 buds
Check “ 5 1 flower 1 4 dead
shaken 4 buds
Check “ 5 2 flowers o All dead
shaken 2 buds
Check “ 5 2 flowers o 4 dead
3 buds
“ “ 4 1 flower 1
“ “ 6 1 flower 2 4 dead
5-buds

ment occurred when treated with vapors of naphthoxyacetic and naphtha-

leneacetic acids (8) and when sprayed with solutions of these substances.

The sepals often developed chlorophyll and appeared leaf-like.
B-Naphthoxyacetic acid derivatives and other growth substances. 8-Naph-
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thoxyacetamide, ethyl, methyl, and toluol naphthoxyacetate, and the
potassium salt, weére all active and induced the same formative effects as
the acid itself. Indoleacetic acid, indolebutyric acid, and naphthaleneacetic
acid are very active substances and have many influences in common with
B-naphthoxyacetic acid. They lack, however, the unique capacity to
modify leaf types as shown for the naphthoxyacetic acid and its derivatives.

DISCUSSION

The persistence of floral parts when tomato ovaries are induced to grow
by spraying with naphthoxyacetic acid recalls the reports (s, 8) that holly
fruit was induced to set when the flower buds were sprayed or exposed to
vapors of methyl naphthaleneacetate. In the latter case the petals did not
open fully but remained in good condition for more than a month whereas
control flowers dropped within a short time (8). Both cases indicate regu-
lating influences by hormone-like chemicals. In fact, all the hormone-like
responses to growth substances indicate the regulatory effects of physio-
logically active compounds.

There is a close resemblance in appearance of modified leaves through
the influence of naphthoxyacetic acid and virus-diseased leaves (4). An
inexperienced person would be in danger of mistaking the formative ef-
fects of the chemical for virus symptoms. In the case of the latter, however,
the active agent is usually multiplied in the growing tissue while the in-
fluence of applied naphthoxyacetic acid is lost by the growing plant.

In nature many modifications in leaf patterns are known to occur. The
variations of submerged and aerial parts of amphibious plants are good
examples. The literature on this subject is voluminous. A review of the
published results and a discussion of possible relationships between natu-
rally occurring and chemically induced modifications will be considered in
a later publication.

Irvine (7), who was the first to report that 8-naphthoxyacetic acid is
physiologically active, was interested in the comparative effects on pri-
mordial tissue of X-radiation and several growth substances. She reported
that plants treated with X-radiation and lanolin preparations of 8-indole-
acetic acid, colchicine, a- and B-naphthoxyacetic acid showed disarranged
phyllotaxy, deformation and joining of leaf primordia, and splitting of the
apex into several primordial regions. Strangely enough all of the treat-
ments and substances had the same effects. We have not found a-naph-
thoxyacetic acid as active as the beta form and in our experience indoleace-
tic acid did not modify leaves of treated plants, as described for 8-naph-
thoxyacetic acid.

Bausor et al. (3) in studying histological responses to lanolin prepara-
tions of naphthoxyacetic acid found that the substance caused cell en-
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largement, cell division, differentiation, and organ formation. The response
varied with the kind and age of the tissue. They did not mention modifica-
tion of leaves produced after the tips were treated but stated that multiple
roots developed from different centers of organization and new centers of
growth in the primordium.

We have shown that naphthaleneacetic acid modifies the roots which
are initiated, causing fasciated or new organs of large diameter. This sub-
stance, however, does not modify the leaves as described for naphthoxyace-
tic acid. .

The ease with which naphthoxyacetic acid is synthesized and the low
cost of the necessary ingredients should make this growth substance of
special interest in experimental and college laboratories. Its possibilities
for practical applications are evident. One of these is its use in large scale
production of seedless tomato fruit. It has the advantage over indolebutyr-
ic acid in being the more effective on buds and flowers without emascula-
tion. Gustafson (6) has shown the possibilities for producing seedless fruit
with several substances but the preparation of the flowers for the treat-
ment with lanolin mixtures is more difficult than spraying the cluster of
buds and flowers. It is understood that some large scale commercial grow-
ers of greenhouse tomatoes spray the flowers with an emulsion containing
indolebutyric acid. However, the flowers are first emasculated before being
sprayed and this occupies the time of several employees. Perhaps the prac-
tice of emasculating is not necessary. Naphthoxyacetic acid can be sprayed
effectively on the cluster without this tedious operation. The possibility of
producing seedless fruit on field grown tomatoes and other species of plants
should be further investigated. Our preliminary results indicate that par-
thenocarpic development can be induced when buds of sweet cherry are
sprayed with naphthoxyacetic acid.

In applying the solution to flowers care must be taken not to spray the
growing stem tips or modification of new leaves will occur. This would not
seriously damage the plants but the chemical might slightly inhibit growth
for a short time and also reduce the total leaf area. Methods can most
likely be improved to the point where these difficulties will be overcome.

Several solvents, carriers, emulsions, and spreaders have been used
with naphthoxyacetic acid, including ether, alcohol, glycerine, soaps, lano-
lin, lanolin emulsions, olive oil, paraffin oils, etc. Lanolin or lanolin emul-
sions are more effective carriers than alcohol and water or water alone. The
acid is much more active and the effect more lasting in lanolin preparations
than in water. Plants sprayed with rooo mg./1. in alcoholic solution resume
growth quickly. The same concentration in lanolin emulsions had a pro-
nounced inhibiting and lasting effect. The difference in effectiveness might
have been associated with the ease of penetration or the length of time the
substance was held in contact with the treated tissue.
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SUMMARY

Several species of plants were treated with solutions and vapors of
B-naphthoxyacetic acid and their regulatory and formative effects were
compared and contrasted with those induced by other growth substances.
The principal differences concerned modifications of new organs formed
after the plants were treated with naphthoxyacetic acid.

The venation pattern and form of the leaves of tomato, hibiscus, mi-
mosa, artichoke, Paris daisy, tobacco, and marigold were modified when
solutions of naphthoxyacetic acid and its derivatives were sprayed on the
growing tip of the plants. This change occurred only in new leaves or parts
of leaves that were formed after the plants were treated. Fully formed
leaves showed the characteristic epinasty and swelling of the tissue which
are well known responses to physiologically active compounds.

The pattern of modified leaves of tomatoes varied from frenched or
fern-leaf types to simple leaves. The leaflets often failed to separate on one
side of the midrib, giving a different appearance to the two sides of the
leaf. In many respects the leaves resembled those of virus-diseased or mite-
infested plants. Clearing of the veins was pronounced in hibiscus, tomato,
artichoke, Paris daisy, and tobacco leaves. Mimosa leaves were fasciated
or fern-like with peculiar projections on the leaflets.

Plants exposed to vapors of naphthoxyacetic acid first showed pro-
nounced epinasty of leaves and growth was inhibited for a few days. The new
leaves which developed thereafter showed the characteristic modifications.

Solutions of naphthoxyacetic acid applied to the soil brought out all the
characteristics described for the sprays and vapors but the effects were
even more pronounced and more lasting. The flower buds of plants treated
by way of the soil were abnormally long with a decided calyx tube, sepa-
rating only at the tip.

Parthenocarpic development of tomato fruit was induced when flowers
or well developed buds were sprayed with emulsions or solutions of naph-
thoxyacetic acid. The ovaries often enlarged before the flowers opened,
eventually breaking through on one side of the calyx tube. The floral parts
—petals, stamens, and styles—persisted for an abnormally long time dur-
ing parthenocarpic development. In some cases both petals and stamens
remained in good condition for 21 days whereas controls withered within
3 days after the flowers opened.

Compared with other growth siibstances naphthoxyacetic acid has
several advantages for practical production of seedless tomatoes and pos-
sibly of other fruits.

¥
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FORMATION OF B-2,2,2-TRICHLOROETHYL-GENTIOBIOSIDE
IN TOMATO PLANTS GROWN IN MEDIA CONTAINING
CHLORAL HYDRATE, TRICHLOROETHYL AL-
COHOL, OR CHLORAL CYANOHYDRIN

LAWRENCE P. MILLER

Tomato plants, growing in sand cultures, have been found to be able
to withstand the addition of considerable quantities of various chemicals
which are absorbed by the growing plants and which can later be recovered
combined with a sugar as B-glycosides (5). In experiments with chloral
hydrate (CCl;CH(OH);) amounts up to a gram or more were added to
individual cultures in 5-inch pots, over a period of 7 to 15 days, without
the plants showing serious injury. Plants from these cultures had absorbed
considerable quantities of the added chloral hydrate and contained a
chlorine-containing B-glycoside which was obtained in crystalline form as
both the acetyl and the propionyl derivative. Since chloral hydrate is an
aldehyde, it was suspected that reduction to the corresponding alcohol
took place before glycoside formation. Such a reduction occurs in the ani-
mal body as the first step in the detoxication of chloral hydrate (g, p. 763).
Accordingly, some plants were grown in cultures with added trichloroethyl
alcohol (CCIsCH,OH) instead of chloral hydrate. The acetyl glycoside
obtained from these plants was identical with that obtained from the
chloral hydrate treated plants. The chlorine content of this acetyl glyco-
side corresponded to that required for the heptaacetate of a trichloroethyl
glycoside with a C,; disaccharide. Since tomato roots form B-o-chloro-
phenyl-gentiobioside from absorbed o-chlorophenol (7), it was thought
probable that the new glycoside would also be a gentiobioside. B8-2,2,2-
Trichloroethyl-gentiobioside heptaacetate and heptapropionate were there-
fore synthesized and found to be identical with the corresponding deriva-
tives from the tomato plants. It thus appears that the tomato readily
reduces chloral hydrate to the corresponding alcohol, unless in these ex-
periments, reduction took place in the culture medium before absorption.
This latter possibility seems unlikely. These results have been referred to
in a previous note (6).

Some experiments were also carried out with chloral cyanohydrin
[CCI,CH(OH)(CN)] since naturally occurring glycosides of cyanohydrins
are rather widely distributed in plants. Chloral cyanohydrin proved to be
considerably more toxic to the tomato than chloral hydrate or trichloro-
ethyl alcohol, but sufficient quantities could be added to the cultures to
induce the formation of moderate amounts of B-glycoside. The acetylation
of partially purified preparations of this glycoside yielded only 8-trichloro-

Copyright, 1941, by Boyce Thompson Institute for Plant Research, Inc.
(15)
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ethyl-gentiobioside heptaacetate. The possibility of the formation of small
amounts of a cyanophoric glycoside as well is, of course, not necessarily
excluded by this result.

EXPERIMENTAL
METHODS
Treatment of Growing Tomato Plants with Chemicals

Tomato (Lycopersicon esculentum Mill.) plants were started in good
greenhouse soil and transferred to sand cultures when three to six inches
tall. The nutrient solution used and the method of handling the cultures
were the same as in previous experiments (7). The addition of the chemical
was not started until the plants were well established and in vigorous con-
dition and before they had begun to set fruit. Usually 0.63 millimol (with
chloral cyanohydrin o.2 millimol) of the chemical in 25 cc. distilled water
was added six times weekly for 10 to 15 applications. The culture vessels
were supplied with saucers so that unabsorbed chemical would accumulate
in the cultures from day to day. The chemical was added in these relatively
small amounts in order that the growing plants would not have to handle
large quantities of the chemical at one time, but could convert it gradually
to the presumably less toxic glycoside.

Determmatwn of Amount of Chemical Absorbed and Quantity of
B-Glycoside Formed

Within a few days after the end of the last treatment the plants were
sampled. The tops and roots were ground separately through a food chop-
per and the juice extracted by squeezing through cheesecloth. The residue
remaining was mixed with water with a little toluenc and again squeezed
through cheesecloth. These extracts were centrifuged, heated to 80° to
inactivate enzymes, and again centrifuged. In order to determine the con-
tent of absorbed chemical, samples of the expressed juices were analyzed
for chloride before and after previous heating with N KOH. The heating
with KOH served to convert non-ionic chlorine to the ionic form and the
difference between the two values obtained was a measure of the non-
ionic chlorine in the expressed juice. This method possibly yielded some-
what low results in the case of the trichloro-compounds used in these tests,
but was sufficiently accurate for the purposes for which it was used; that
is, to serve as a measure of the amount of non-ionic chlorine absorbed and
to serve as a guide in the isolation procedures employed. Determinations
carried out with chloral hydrate solutions indicated that over go per cent
of the non-ionic chlorine was recovered.

Portions of the expressed juices were subjected to the action of emulsin
(50 mg. per 100 cc. in a M/20 acetate buffer at pH 4.75) after which the
non-ionic chlorine recovered on distillation was determined. The values
obtained with the samples carried through without added emulsin were a
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measure of the uncombined chemical remaining in the treated tissues, and
the increase after emulsin hydrolysis gave an indication of the quantity
combined as a B-glycoside.

Procedure for Obtaining Preparations of the 8-Glycoside Suitable
Sfor Acetylation

Partially purified preparations of the glycoside suitable for the prepa-
ration of the crystalline acetyl or propionyl derivatives were obtained as
follows. The expressed juices and aqueous extracts were treated with an
excess of lead acetate, and the lead remaining in the filtrate removed with
H,S. The precipitated lead sulphide was separated by filtration and the
excess H,S in the filtrate driven off by a stream of N. The filtrate, after
neutralization to about pH 6.5 with NH,OH, was concentrated in vacuo
to a thin syrup and extracted with hot acetone. The water content of the
syrup must be so regulated that the addition of acetone results in a separa-
tion into two layers without the formation of a precipitate in the aqueous
layer. If such a precipitate is formed, extraction with acetone is not effi-
cient, and this can be remedied by adding a little water. If the syrup con-
tains too much water, so that the added acetone dissolves, it is necessary
to concentrate the syrup further before extraction with acetone can be
attempted. The extraction is conveniently carried out by shaking the flask
containing the syrup and the acetone under a stream of hot water until
the acetone boils, then setting the flask aside to permit clear-cut separation
into two layers, and pouring off the acctone layer while it is still hot. It is
necessary to make a series of extractions, if much glycoside is present in the
syrup, and to add a little water to later portions of acetone since the ace-
tone removes some water from the syrup. It is desirable to analyze samples
from these extracts as they are being made to follow the course of the
extraction.

Acetylation

The acetone extracts were concentrated under diminished pressure to
remove the acetone and the aquecous solutions remaining were shaken a
number of times with ethyl ether to take out fatty substances. The solu-
tions were then evaporated to dryness and acetylated by adding dry pyri-
dine and acetic anhydride. After the reaction mixture had stood overnight
at room temperature it was poured into five to seven times its volume of
ice water. The product was separated from the ice water by centrifugation,
dissolved in acetone and absolute alcohol from which it crystallized after
standing for a little time at room temperature. The acetate crystallizes
rather readily from relatively impure mixtures and was obtained without
difficulty from both the top and roots with all three chemicals included in
these studies. The product was purified with the use of Norite and several
recrystallizations from absolute alcohol.
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RESULTS
Experiments with Chloral Hydrate

After preliminary tests had shown that tomato plants form a B-
glycoside from absorbed chloral hydrate and some information had been
obtained as to the amount of chloral hydrate that could be added safely to
the sand cultures, three series involving 48 to 100 plants each were run in
order to obtain material for the isolation and characterization of the glyco-
side formed. Data as to the amount of chloral hydrate added to each cul-
ture and the content of a trichloro-compound per 100 cc. of the expressed
juice of the tops and roots at sampling time, as well as the quantity freed
as a result of emulsin hydrolysis, are summarized in the first part of Table
I. It is seen that a large proportion of the non-ionic chlorine compound in
the root samples is present in glycosidal combination as shown by the fact
that after being subjected to the action of emulsin it is recoverable on dis-
tillation. In the juice from the tops a smaller proportion is freed on emulsin
hydrolysis. Whether this indicates the formation of another compound,
not hydrolyzable by emulsin, or merely less complete hydrolysis, because
of the prescnce of a substance or substances which retard the action of
emulsin, is not known. Calculated as $-trichloroethyl-gentiobioside on the
basis of the non-ionic chlorine content, the expressed juices contained as
much as one gram of gentiobioside per 100 cc.

TABLE 1

FORMATION OF B-GLYCOSIDES BY TOMATO PLANTS GROWN IN A NUTRIENT MEDIUM
CoNTAINING CHLORAL HYDRATE, TRICHLOROETHYL ALCOHOL, OR
CHLORAL CYANOHYDRIN

Amount recovered on distillation

Quantity] Amount present
added, | per 100 cc. ex-

Sutl)lzte%nce millimols|  pressed juice | TOPS____ B o R?_O_ts__ L
pett;';:ul- Emulsin | Without | Emulsin | Without
€ Tops Roots |hydrolysis| emulsin |hydrolysis; emulsin
Chloral hydrate 4.38 0.98 1.12 0.14 0.05 0.95 0.03
5.63 1.67 1.40 0.40 0.02 1.03 0.02
9.10 2.10 2.30 0.99 o.10 2.05 o.07
Trichloroethyl 4.80 0.75% 1.25 0.27 0.01 0.95 0.07
alcohol 5.00 0.88 1.08 o.21 0.02 0.73 o.01
Cl;:oaa! cyano- 1.60 0.46 o.50 0.07 0.02 °.19 0.03
ydrin

The addition of these amounts of chloral hydrate to the culture medium
(0.63 millimol 6 times weekly until the quantities shown in Table I had
been added) produced definite but not very marked retardation in growth
as compared to control plants. Injury, if present, involved browning of the
edges of the leaflets, especially near the tip of the plants.



1941]  MILLER—TRICHLOROETHYL-GENTIOBIOSIDE IN TOMATOES 19

Isolation of B-trichloroethyl-gentiobioside as the heplaacetate from treated
plants. Following the procedure described in a previous section the chlorine-
containing compound formed in the tomato was obtained as the crystalline
acetyl derivative from both tops and roots. A total of about 10 grams was
prepared from the several series. After a number of recrystallizations from
absolute alcohol the substance melted at 184.5° to 185.0° C. (corr.) and
had a specific rotation of [a]3 = — 28.8° (concn., 2.57 g. in 100 cc., CHCl,).
In a mjixed melting point determination with synthetic B-trichloroethyl-
gentiobioside heptaacetate no depression in melting point was observed.

Amnalysis: Calculated for B-trichloroethyl-gentiobioside heptaacetate,
C28H37015Cl5: Cl, 13.85. Found: Cl, 13.71, 13.76.

Isolation of B-trichloroethyl-gentiobioside as the heptapropionate. Using
propionic anhydride instead of acetic anhydride the propionyl derivative
was obtained from a preparation from the root juice which contained non-
ionic chlorine equivalent to 5.8 millimols of a trichloro-compound. Yield of
crude product was 3.19 g. After three recrystallizations from absolute al-
cohol the compound (1.87 g.) showed partial melting at 134.0° to 136.0° C.
and on further heating melted completely at 149.5° to 150.5°. Specific ro-
tation was [a]}y = — 26.0° (concn., 2.56 g., CHCl;). No depression was ob-
served in a mixed melting point determination with synthetic 8-trichloro-
ethyl-gentiobioside heptapropionate.

Amnalysis: Theory for B-trichloroethyl-gentiobioside heptapropionate,
CssHa015Cls: Cl, 12.28. Found: Cl, 12.33, 12.30.

Experiments with Trichloroethyl Alcohol

Trichloroethyl alcohol was prepared according to the method of Chalm-
ers given in Organic Syntheses (2). The product was purified by fraction-
al distillation under reduced pressure, and the fraction boiling between
59° and 62° at 12 mm. pressure was used. Data showing the amount of
trichloroethyl alcohol absorbed in two series of plants and hydrolysis by
emulsin of the B-glycoside formed are shown in Table I.

Isolation of B-trichloroethyl-gentiobioside as the heptaacetate. A prepara-
tion obtained from the juice expressed from the tops of the treated plants
from the first series and containing non-ionic chlorine equivalent to 1.24
millimols of a trichloro-compound was acetylated in 30 cc. dry pyridine
and 15 cc. of acetic anhydride. Yield, o.30 g. After one recrystallization
from absolute alcohol o.21 g., melting at 184.5° to 185.0°, was obtained.
Specific rotation was [a]% = —28.5° (concn., 2.23 g., CHCL,).

Amnalysis: Calculated for B-trichloroethyl-gentiobioside heptaacetate,
C2sH37015Cls: Cl, 13.85. Found: Cl, 13.75.

Similarly, acetylation of a preparation from the root juice of the plants
in the second series containing 1.78 millimols of a trichloro-compound
yielded o.54 g. of an acetyl derivative. Two recrystallizations from abso-
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lute alcohol gave 0.34 g., m. p. 184.5° to 185.0°%; [a]¥" = — 28.8° (concn.,
3.115 g., CHCl;); Cl, 13.89 per cent.

Experiments with Chloral Cyanohydrin

Since chloral cyanohydrin was considerably more toxic to the tomato
than chloral hydrate or trichloroethyl alcohol, only o.2 millimol was added
to the cultures at each application and the plants were sampled after 1.6
millimols had been added to each culture. The data showing the presence
of a B-glycoside hydrolyzable by emulsin’ in both tops and roots in an ex-
periment involving 48 plants are given in Table 1. The expressed juice from
the tops and roots when carried through the same purification procedure
as was used with chloral hydrate and trichloroethyl alcohol treated plants
yielded B-trichloroethyl-gentiobioside heptaacetate. It thus appears that
trichloroacetaldehyde was split off from the cyanohydrin and reduced to
the alcohol before glycoside formation took place.

Isolation of B-trichloroethyl-gentiobioside as the heptaacetate. A prepara-
tion from the expressed juice from the tops, containing non-ionic chlorine
equivalent to 2.1 millimols of a trichloro-compound, yiclded, on acetyla-
tion, o0.49 g. of product. This was recrystallized three times from absolute
alcohol. Yield, 0.30 g.; m. p. 184.5° to 185.0°; [a] = —29.3°(concn., 2.105
g., CHCly); Cl, 13.67 per cent. No depression in melting point resulted in
a mixed melting point determination with synthetic B-trichloroethyl-
gentiobioside heptaacetate.

The acetyl derivative (0.37 g.) obtained from the root sample was iden-
tical with the foregoing. M. p. 184.5° to 185.0°; [af5 = — 28.3° (concn.,
2.035 g., CHCly); Cl, 13.83 per cent.

Synthesis of B-2,2,2-Trichloroethyl-Gentiobioside Ieptaacetate
and Heptapropionate

B-Trichloroethyl-gentiobioside heptaacetate, which has not been syn-
thesized previously, was obtained by condensing trichloroethyl alcohol
with acetobromogentiobiose. The acetobromogentiobiose was prepared
from B-gentiobiose octaacetate which was obtained from $-d-glucose-1,2,3,
4-tetraacetate and acetobromoglucose as described by Reynolds and
Evans (8). The methods of Reynolds and Evans were also used for the
preparation of 6-trityl-8-d-glucose-1,2,3,4-tetraacetate and the 8-d-glucose-
1,2,3,4-tetraacetate required for the gynthesis of 8-gentiobiose octaacetate.

Acetobromogentiobiose. Acetobs¥mogentiobiose was prepared from (-
gentiobiose octaacetate by a,procedure differing somewhat from that used
by previous workers (x 10). Five-gram portions of the octaacetate were
dissolved in 50.cc. of alcohol-free, dry CHCl; in a 250 cc. distilling flask
and the solution cooled °in an ice-salt bath. Fourteen cc. of a saturated
solution of HBr in acet®acid (also cooled to 0°) were added and the mix-
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ture kept at o° for 2.5 hours. The flask was then connected to a vacuum
pump and some of the HBr removed while the flask was still in the ice-salt
bath. Toluene (go cc.) was then added and the mixture distilled in a water
bath, with the temperature of the bath below 20° at the start of the distil-
lation and later not over 35°. The syrup remaining was crystallized by
adding dry ether and petroleum ether. Yield of crude product usually
about 65 per cent. The substance was recrystallized from alcohol-free
CHCl; and ether after which it melted at 141° to 142°; yield 57 per cent.
This was of sufficient purity for subsequent usc even though the melting
point was still a little lower than that of the pure substance (1).

B-Trichloroethyl-gentiobioside heptaacetate. In the first preparation 8.94 g.
of trichloroethyl alcohol (.06 mol.) were added to 4.19 g. (.006 mol.) of
acctobromogentiobiose dissolved in 15 cc. dry benzene cooled in an ice
bath and 2.0 g. of Ag,CO; added in small portions over a period of one
hour. The mixture was then kept at room temperature overnight, after
which the precipitated AgBr was filtered off and washed with benzene. The
benzene was evaporated off in vacuo and the evaporation continued after
the addition of several portions of water to remove the excess trichloro-
ethyl alcohol. The residue was taken up in absolute alcohol from which the
product crystallized. The product was rather difficult to purify, but after
six recrystallizations from absolute alcohol, o.40 g. of the pure substance
was obtained. Yield, g per cent.

A better yicld was obtained when Drierite was used as an internal des-
iccant. A mixture of 12 cc. alcohol-free, dry CHCl;, 1.28 g. (.0086 mol.)
trichlorocthyl alcohol, 5.0 g. Drierite, and 1.1 g. Ag.0) was allowed to stand
with occasional shaking for one-half hour. Two-tenths of a gram of iodine
(3) was added followed by the addition of 3.0 g. (.0043 mol.) of acetobro-
mogentiobiose in small portions during the course of one hour. The mixture
stood at room temperature overnight and was then filtered through Celite
and the precipitated AgBr and Dricrite washed well with CHCl;. The
CHC; solution was extracted three times with water and concentrated
under reduced pressure. Twenty cc. of water were added and the evapora-
tion continued to remove excess trichloroethyl alcohol. The product was
crystallized from absolute alcohol. Yield of pure compound, after four
recrystallizations from absolute alcohol, 0.71 g. or 21 per cent.

Synthetic B-trichloroethyl-gentiobioside heptaacetate was found to
have a melting point of 184.5° to 185.0° and a specific rotation [aly
= —28.7° (concn., 2.833, CHCly).

Amnalysis: Calculated for CgsHs7015Cls: Cl, 13.85. Found: Cl, 13.98,
13.84.

B-Trichloroethyl-gentiobioside heptapropionate. Synthetic B-trichloro-
ethyl-gentiobioside heptaacetate (350 mg.) was suspended in 15 cc. of dry
methanol and the solution cooled in an ice-salt bath. The equivalent of
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2 cc. of a half-normal solution of barium methylate in methyl alcohol was
added, and the mixture allowed to stand at 5° overnight (4). The barium
methylate was neutralized exactly by N/2 H3SO, and the solution evapo-
rated to dryness in vacuo, with the addition of several portions of absolute
alcohol to aid in driving off the last traces of moisture. Five cc. dry pyri-
dine and 3 cc. propionic anhydride were then added and after standing
overnight the reaction mixture was poured into 100 cc. of ice water. The
crystalline product was obtained from the ice water by centrifugation. It
was dissolved in acetone, the solution-filtered and the compound crystal-
lized after the addition of absolute alcohol. Yield, o.31 g. After a further
recrystallization from absolute alcohol o.22 g. of the pure compound was
obtained. It showed partial melting at 136° to 136.5° and on further heat-
ing melted sharply at 150° to 150.5°. If cooled after the partial melting at
136°, the substance solidified and on reheating showed no change at the
lower temperature, but melted at 150° to 150.5° Specific rotation was
[ =— 25.6° (concn., 3.335, CHCl,).

Analysis: Calculated for CssHeO15Cls: Cl, 12.28. Found: Cl, 12.15.

SUMMARY

The tops and roots of tomato plants, grown in a medium to which
chloral hydrate had been added, were found to contain a chlorine-contain-
ing B-glycoside, which was obtained in crystalline form as the acetyl and
as the propionyl derivative. The same fB-glycoside was obtained when
trichloroethyl alcohol instead of chloral hydrate was added to the nutrient
medium. Through the synthesis of f-2,2,2-trichloroethyl-gentiobioside
heptaacetate and heptapropionate, which were prepared for the first time,
this glycoside has been shown to be B-trichloroethyl-gentiobioside. 8-Tri-
chloroethyl-gentiobioside is also formed from absorbed chloral cyanohydrin.
It thus appears that the tomato readily reduces trichloracetaldehyde to
the corresponding alcohol. With chloral cyanohydrin, hydrolysis apparent-
ly precedes the reduction. Quantities of B-trichloroethyl-gentiobioside up
to one gram per 100 cc. of expressed juice were present in the plants grown
with added chloral hydrate.
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SYNTHESIS OF B-2-CHLOROETHYL-d-GLUCOSIDE BY WHEAT
PLANTS GROWN WITH ETHYLENE CHLOROHYDRIN
ADDED TO THE NUTRIENT MEDIUM

LAWRENCE P. MILLER

Biochemical investigations in connection with the use of ethylene
chlorohydrin in breaking the rest period (2, 3, 4) have shown that both
potato tubers (Solanum tuberosum L.) and Gladiolus corms form B-2-
chloroethyl-d-glucoside from the absorbed ethylene chlorohydrin (5, 6).
Further studies have indicated that many species of higher plants will
form B-glycosides when they absorb various chemicals which can serve as
aglycons. Experimental formation of glycosides in growing plants which
have absorbed chemicals which can unite with sugars in glycosidal com-
bination has previously received little attention from phytochemists,
although Ciamician and Ravenna [as quoted by Armstrong and Armstrong
(1, p. 86)] showed, thirty ycars ago, that certain plants will form glucosides
when inoculated with aromatic products of glucoside hydrolysis. For ex-
ample, they were able to isolate salicin from corn plants which had ab-
sorbed saligenin.

The experiments in this laboratory have been confined to compounds
which are not known to occur naturally in plants and have shown that the
artificially produced plant glycosides may involve sugars other than d-
glucose. Thus, although gentiobiose has not previously been known to
occur in gladiolus corms or in tomato plants (Lycopersicon esculentum
Mill.), and perhaps is not normally found in these species, a 8-gentiobio-
side is formed if these plants are treated with o-chlorophenol (7, 8). Such
investigations may thus yicld information on the occurrence or formation
of sugars in various species and on diffcrences or similarities between
metabolic processes in plants. It therefore seemed desirable to characterize
artificially induced glycosides in additional species and the present report
deals with experiments with wheat (Triticum aestivum L.) grown in sand
cultures to which cthylene chlorohydrin had been added. Qualitative tests
showed the presence of a chlorine-containing 8-glycoside in both the tops
and roots of the treated plants. This B-glycoside was shown to be (-2-
chloroethyl-d-glucoside through its isolation from the expressed juice of
the tops as the tetraacetate.

EXPERIMENTAL

In the first experiment 100 seeds of Marquis Beardless spring wheat
were planted in pure quartz sand in each of six 10-inch shallow earthen-
ware pots supplied with saucers and watered with tap water. After the

Copyright, 1941, by Boyce Thompson Institute for Plant Research, Inc.
(25)
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seed had germinated a nutrient solution containing the equivalent of 25 cc.
of each of the four main stock solutions (2 per cent KNO;; 4 per cent
Ca(NOy);- 4H;0; 2 per cent KH:PO, and 2 per cent MgSO,- 7H;0) and 2
cc. of a § per cent ferric tartrate solution was added to each culture. The
same quantity of nutrient was again added 22 days later. Thirty-five days
after the start of the experiment 1o millimols of ethylene chlorohydrin were
added to half the cultures and this was repeated six days later. After a
further two days the material was sampled. The tops and roots were
ground separately through a food chopper and the juice expressed by
squeezing through cheesecloth. The treated tops and roots were found to
contain 3.25 and 1.45 millimols, respectively, of non-ionic chlorine per
100 cc. of expressed juice (as determined by the difference in chloride con-
tent before and after heating with an equal volume of N KOH). As would
be expected the control plants did not contain non-ionic chlorine. After
digestion with emulsin (50 mg. per 100 cc.) in an acetate buffer at pH 4.75
for 18 hours and subsequent distillation, 2.04 and o.95 millimols of non-
ionic chlorine per 100 cc. were recovered from the top and root juice, re-
spectively. The samples carried through without emulsin yielded only a
small amount of non-ionic chlorine on distillation, thus showing the ab-
sence of an appreciable quantity of free chlorohydrin in the treated plants.

To obtain sufficient material for the isolation of the glycoside an experi-
ment involving a larger number of plants was carried out. The wheat was
grown in sand culture in 50 5-inch pots with 25 seeds planted in cach pot.
The same nutrient solution was used except that each culture received
only two-fifths of the quantity added to the larger cultures previously em-
ployed. When the plants were 10 to 14 inches tall, o.5 millimol of cthylene
chlorohydrin in a volume of 50 cc. was added to each culture six times
weekly until each culture had received 3.5 millimols. The plants were then
sampled and the expressed juice obtained. A further extract was made by
mixing the residues with water and a little toluene and again squeezing
through cheesecloth. The expressed juice and the extract were heated to
80° C. to inactivate enzymes, and centrifuged. The expressed juice of the
tops and roots was found to contain 2.5 and o.9 millimols of non-ionic
chlorine, respectively, and hydrolysis with emulsin resulted in release of
about half of the non-ionft chlorine. As in the previous experiment little
free chlorohydrin remained in the treated plants.

The juice expressed from the tops and the further extract obtained on
mixing the residue with water and again squeezing through cheesecloth
were combined and an excess of lead acetate added. After filtering off the
lead precipitate the excess lead in the filtrate was removed by precipita-
tion with HsS. The lead sulphide was filtered off and the solution concen-
trated under reduced pressure to a thin syrup. This syrup was extracted
with three successive 100-cc. portions of hot acetone. The combined ace-
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tone extracts, which contained 5.42 millimols of non-ionic chlorine, were
concentrated m vacuo to remove the acetone and the aqueous solution
remaining extracted a number of times with ethyl ether to remove fatty
material. The solution was again evaporated to a thin syrup and extracted
first with 50 cc. of hot acetone and then with two so-cc. portions of hot
go per cent acetone. The combined extracts, containing 4.8 millimols of
non-ionic chlorine, were evaporated under vacuum to dryness, with the
addition of several portions of absolute alcohol to aid in driving off the last
traces of moisture. The residue was acetylated at room temperature by
adding 60 cc. of dry pyridine and 35 cc. of acetic anhydride and permitting
the reaction to proceed overnight. The reaction mixture was poured into
750 cc. of ice water and the product extracted by shaking with chloroform.
The chloroform solution was washed with cold 10 per cent H,SO,, followed
by cold saturated sodium bicarbonate and water. After evaporation under
vacuum to remove the chloroform the residue was taken up in hot absolute
alcohol from which it crystallized. The crystals were filtered off and washed
with absolute alcohol. Yield, first crop, 0.73 g., m. p. 114.5° to 115.0° C.
(corr.). On concentration of the filtrate a further o.43 g. with about the
same melting point was obtained. After three recrystallizations from abso-
lute alcohol the substance (o.54 g.) melted at 117° to 118° and had a
specific rotation [a)¥ = —13.1° (concn., 4.26 g. in 100 cc., CHCl;). These
constants compare with a melting point of 118.5° to 119.0° and a specific
rotation of —13.4° found for synthetic $8-2-chloroethyl-d-glucoside tetra-
acetate (5). In a mixed melting point determination the melting point was
118° to 119°.

Analysis: Calculated for B-2-chloroethyl-d-glucoside tetraacetate
C16H23010C1: Cl, 8.64; acetyl, CH3;CO, 41.91. Found: Cl, 8.76, 8.52; acetyl,

42.33, 41.90.
SUMMARY

A chlorine-containing B-glycoside is formed in both roots and tops of
wheat plants grown in a medium containing ethylene chlorohydrin. This
glycoside has been shown to be B-2-chloroethyl-d-glucoside through the
preparation of the acetyl derivative which was found to be identical with
synthetic B-2-chloroethyl-d-glucoside tetraacetate.
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SYNTHESIS OF f-2,2,2-TRICHLOROETHYL-GENTIOBIOSIDE
BY GLADIOLUS CORMS TREATED WITH TRICHLORO-
ETHYL ALCOHOL

LAWRENCE P. MILLER

Experiments on the formation of B-glycosides in plants as a result of
the absorption of chemicals which serve as aglycons have shown that
Gladiolus corms form f8-2-chloroethyl-d-glucoside if treated with ethylene
chlorohydrin (1), but if o-chlorophenol is the foreign aglycon furnished,
a f3-gentiobioside is formed (2). It is thus scen that, in the same plant or-
gan, the sugar component of artificially induced B-glycosides may vary
with the nature of the aglycon used. It therefore seemed of interest to
include other aglycons in studies with gladiolus corms and the present
paper reports results showing that a 8-gentiobioside is formed if trichloro-
cthyl alcohol is the added aglycon. It should be pointed out, however, that,
even though B-2,2,2-trichloroethyl-gentiobioside, as the heptaacetate and
as the heptapropionate, was the only glycoside isolated, this does not
necessarily mean that it was the only glycoside formed in the treated
corms.

EXPERIMENTAL

Corms of the Giant Nymph variety (2704 g.) were placed in two 7-
liter desiccators and treated with trichloroethyl alcohol by drawing
through the desiccators a stream of air which had first been bubbled
through two tubes containing trichloroethyl alcohol. The air was passed
through at the rate of about 12 liters per hour, and the treatment was con-
tinued for one week. After another week the corms were ground through a
food chopper and the juice expressed through cheesecloth. The expressed
juice was centrifuged, heated to 80° C., and again centrifuged. The ex-
pressed juice was found to contain non-ionic chlorine equivalent to 3.04
millimols of a trichloro-compound per 100 cc. Distillation of a portion of
the expressed juice showed that 1.8 millimols was still present in the free
state since it was recovered by distillation, but hydrolysis with emulsin
resulted in the recovery of an additional 0.6 millimol, indicating that some
of the absorbed trichloroethyl alcohol had been fixed as a B-glycoside.

A partially purified preparation of the glycoside, suitable for acetyla-
tion, and containing 4.4 millimols as indicated by the non-ionic chlorine
content, was obtained by the same procedure previously used with tomato
extracts (3). Acetylation yielded o.44 g. of crystalline product. On treating
with Norite and recrystallizing twice from absolute alcohol o.28 g. melting
at 184.5° to 185.0° C. was obtained. Specific rotation was [l = — 28. 5°

Copyright, 1941, by Boyce Thompson Institute for Plant Research, Inc.
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(concn., 1.905 g., CHCl;). These constants compare with a melting point
of 184.5° to 185.0° and a specific rotation of —28.7° found for synthetic
B-2,2,2-trichloroethyl-gentiobioside heptaacetate (3). No depression was
observed in a mixed melting point determination.

Amnalysis: Calculated for S-trichloroethyl-gentiobioside heptaacetate,
CasH37015Cls: Cl, 13.85. Found: Cl, 13.64.

The propionyl derivative was prepared from 180 mg. of the acetyl
derivative by the method used for the preparation of the heptapropionate
from synthetic S-trichloroethyl-gentiobioside heptaacetate (3). Yield after
one recrystallizaton from absolute alcohol, 100 mg. The substance melted
partially at 135° to 136.5° C. and on further heating melted completely
at 150° to 150.5°. Specific rotation was [a]} = —25.5° (concn., 2.16 g.,
CHCl,). Synthetic B-trichloroethyl-gentiobioside heptapropionate has been
found to melt partially at 136° to 136.5° with complete melting at 150°
to 150.5°%; [a]B = —25.6° (3).

Analysis: Calculated for B-trichloroethyl-gentiobioside heptapropio-
nate, CysH510,5Cls; Cl, 12.28. Found: Cl, 12.13.

SUMMARY
Gladiolus corms have been shown to form f-2,2,2-trichloroethyl-
gentiobioside from absorbed trichloroethyl alcohol.
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SOME X-RAY OBSERVATIONS REGARDING THE
MEMBRANE STRUCTURE OF HALICYSTIS!

WAYNE A. Si1ssoN

Halicystis is a large oval, single-celled, marine alga which often grows to
a diameter of three centimeters. Owing to its large size, it is especially
adapted to X-ray diffraction studies of membrane structure. In contrast
to the closely related alga, Valonia, which has been the subject of con-
siderable X-ray work (2, 13, 19, 20) no X-ray studies had been reported on
Halicystis previous to 1937, when a preliminary examination (16) gave a
most unexpected result. The X-ray diffraction pattern showed the pres-
ence of mercerized cellulose which was oriented in a manner similar to
that in the synthetic membrane, Cellophane. A more detailed investiga-
tion, which is reported in this paper, has confirmed this preliminary obser-
vation (16).

There are two polymeric crystalline forms of cellulose (native and
mercerized) which may be distinguished by their X-ray diagrams, as
shown in Figure 1. In the native form (Fig. 1 A), cellulose gives three
principal X-ray diffraction rings corresponding to interplanar spacings of
6.1, 5.4, and 3.95 A. If native cellulose is dispersed and coagulated from
solutions (e.g. cuprammonium hydroxide) or swollen with certain swelling
agents (e.g., 18 per cent sodium hydroxide), then a product is obtained
which gives a new diffraction pattern after the swelling agent is washed
out (10). In this form it is known as ‘“hydrate’ or “mercerized’’ cellulose,
although it has the same analytical composition as the native form. In
addition to being more reactive chemically, it differs crystallographically
from the native form in that the glucose units of the cellulose chain are
rotated 30° to give a new unit cell arrangement (1). The difference between
the native and mercerized unit cell structure is illustrated in Figure 1 C
and D. Owing to this crystallographic difference, the X-ray diffraction
method is the most satisfactory and only definite method for distinguishing
between native and mercerized cellulose.

In all samples of plant cellulosic membranes heretofore subjected to
X-ray diffraction analysis the cellulose is found to exist in the native form.
The native form is usually considered to be the unstable form, since cel-
lulose always changes to the mercerized form when treated with strong
swelling agents, and after once in the mercerized form it is extremely diffi-
cult to revert to the native form. For this reason the existence of mercer-
ized cellulose in Halicystis is of unusual chemical, as well as biological,
interest.

! A contribution from the former Cellulose Department of the Chemical Foundation,
Boyce Thompson Institute for Plant Research, Inc., Yonkers, New York.

(31)
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In addition to the 7.4, 4.45, and 4.0 A cellulose lines, there is also pres-
ent in the composite X-ray diagram of Halicystis two other patterns: (a)
an amorphous pattern and (b) a diffraction line, not due to cellulose, which
corresponds to the approximate spacing of 12.5 A. This 12.5 A line is com-
paratively intense and has the same orientation as the 7.4 A cellulose line.
Most other cellulosic membranes which have been examined with X-rays
show only the presence of an amorphous non-cellulosic pattern having a
random orientation.

In the present investigation the structure and orientation of the cel-
lulose is studied in the untreated membrane, and in membranes which
have been subjected to various purification treatments. The investigation
also includes a study of the non-cellulosic constituents and their relation
to the cellulose in building up the membrane structure. The X-ray studies
are supplemented by microscopic examination and physical tests and the
results on IHalicystis are compared with those on Valonia and Cellophane.
The mercerized structure of the cellulose is further confirmed by separating
the cellulose from the non-cellulosic constituents, by converion to the
native form, and by the formation of known derivatives and swelling
compounds.

MATERIALS AND METHODS

Three species of Halicystis were examined: grandis Blinks, ovalis
(Lyngb.) Aersch., and osterhoutii Blinks and Blinks. 1. osterhoutii was col-
lected in Bermuda by Dr. L. R. Blinks; H. grandis in the Bahama Islands
by the New York Botanical Garden; and H. ovalis in Bermuda by Dr.
J. F. G. Wheeler in 1938 and by Dr. R. E. Reeves in 1939. Unless other-
wise noted, all studies were carried out on the species ovalis collected in
Bermuda.

The samples for examination with the beam parallel to the membrane
surface consisted of several strips one to two millimeters wide, the ends of
which were fastened across a U-shaped cork support while being exposed
to the X-ray beam. For the perpendicular exposures these same samples
were removed from the U support and placed flat against the slit system.
For the membranes disintegrated by the purification process and for the
fractions recovered from the eftracting reagents, the samples were packed
into small celluloid holders made by boring a hole 2 mm. in diameter
through a flat section of celluloid 2 mm. thick.

X-ray diagrams were made with unfiltered copper radiation (Ka=1.54
A) produced in a Philips Metalix tube operating at 28 kilovolts and 25
milliamperes. The X-ray beam was defined through a pinhole system using
0.6 mm. pinholes placed 10 cm. apart. In referring to the X-ray results the
term ‘‘diagram’ will be used to refer to the composite diffraction rings
obtained from the sample, while ‘‘pattern’’ will refer to the diffraction rings
characteristic of a particular component or material of the sample.



FIGURE 1. Representative X-ray diffraction diagrams of (A) native, and (B) mer-
cerized cellulose from cotton fibers. The umt cell arrangement of glucose units in (C) native
and (D) mercerized cellulose. The X-ray patterns of cellobiose actaacetate obtained from
(E) Halicystis and (F) cotton.
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FiGUure 2. Photomicrographs and X-ray diagrams of Halicystis membrane taken
(A) perpendicular and (B) parallel to the membrane surface.
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RESULTS

The experimental results are described in the chronological order in
which they were obtained: (a) untreated membranes, (b) effect of purifica-
tion, (c) reversion to the native form, and (d) formation of derivatives.

UNTREATED MEMBRANES

A representative X-ray diagram of an untreated Halicystis membrane
is shown in Figure 3 A. This composite diagram shows diffraction effects
which apparently arise from three different components of the membrane:
First, there is present the 7.4, 4.45, and 4.0 A diffraction lines characteristic
of mercerized crystalline cellulose. Second, there is superimposed upon
these lines an amorphous pattern which tends to obscure the crystalline
cellulose pattern. Owing to its amorphous nature, it is impossible to identi-
fy this material from the X-ray diagram. Third, close to the primary beam,
there is a definite diffraction ring coresponding to the interatomic spacing
of 12.5 A. As yet, no substance has been found which is known to give a
diffraction ring corresponding to this spacing. As will be discussed later,
there is also present in the stretched diagram a 6.0 A line.

Observations made on two X-ray diagrams of each variety indicate
that the relative intensity of these three diffraction patterns differs in the
three species. II. grandis has a relatively strong amorphous pattern and a
pronounced inner diffraction ring (12.5 A), while H. ovalis shows a weak
amorphous pattern and a faint inner ring. H. osterhoutit is similar to H.
grandis. In the grandis and osterhoutii species the intensity of the amor-
phous diagram makes it difficult to distinguish the two separate 4.45 and
4.0 A cellulose diffraction rings, which are quite clearly resolved in the
ovalis species. Several patterns of the ovalis species indicate considerable
variation from membrane to membrane.

Orientation. The cellulose in Halicystis has a random orientation in the
plane of the membrane, but a selective orientation with reference to the
surface. If the X-ray beam, therefore, is passed perpendicular (see Fig. 2 A)
to the membrane surface, the 7.4 A cellulose line is missing and the 4.45
and 4.0 A lines show a random orientation. With the beam parallel (see
Fig. 2 B), the 7.4 A line is present as two arcs while the 4.45 and 4.0 A
lines still show a random orientation. This indicates that the 7.4 A crystal-
lographic planes are oriented parallel to the membrane surface, while the
b axes of the crystallites (i.e., the direction of cellulose chains) have a
random orientation in the plane of the membrane. This type of orientation
(selective uniplanar orientation) is similar to that observed for Cellophane
(17). In this connection it is interesting to note that Halicystis is also
similar to Cellophane in that the cellulose in both possesses a mercerized
crystalline structure.

The non-cellulosic material which gives the 12.5 A line also possesses
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FIGURE 3. X-ray "diffraction diagrams of Halicystis (A) untreated, (B) stretched 75
per cent (fiber axis vertical), (C) after purification treatments, (D) after treatment with hot
glycerin, (E) after treatment with hot 0.1 N hydrochloric acid and 1 per cent sodium hy-
droxide, and (F) for comparison, the X-ray diagram of mercerized cotton treated as in (E).
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a selective orientation, as indicated by the fact that the 12.5 A line is
absent with the X-ray beam perpendicular, and present as two arcs when
the beam is parallel to the membrane. It will be noticed that this orienta-
tion is similar to that of the 7.4 A cellulose line (compare A and B, Fig. 2).
There is no indication of orientation in the amorphous diagram with the
X-ray beam either perpendicular or parallel to the membrane surface.

Stretching. When Halicystis is stretched the crystalline cellulose behaves
in a manner similar to that in other cellulosic membranes. The result of
stretching is shown in Figure 3 B, which is the X-ray diagram of several
narrow strips of Halicystis which were slightly twisted, stretched 75 per
cent while moist, and allowed to dry. Twisting the strip permits the X-ray
diagram to represent the equivalent of a strip turned through 360°, and
gives an average rather than a perpendicular or parallel exposure. In the
stretched X-ray diagram, the 7.4, 4.45, and 4.0 lines all form arcs on the
equator. This means that the original selective uniplanar orientation has
been displaced by a uniaxial orientation of the crystallites parallel to the
direction of stretch. Other native (15) and mercerized (17) cellulosic mem-
branes behave in a similar manner when stretched.

The 12.5 A plane also orients itself parallel to the direction of stretching
as indicated by two arcs on the equator. It should be noticed that these
lines show a degree of orientation higher than that of the cellulose as indi-
cated by the smaller angle of the arcs. The concentration of the rings into
arcs now makes apparent in the diagram of Halicystis one other diffraction
ring corresponding to a spacing of approximately 6.0 A which was not ob-
served in the diagram of the unstretched material. This line also exists as
two arcs on the equator indicating an orientation parallel to the direction
of stretching. This 6.0 A arc too, like the 12.5 A arc, shows a higher degree
of orientation than the cellulose, and it is possible that the 12.5 and 6.0 A
diffraction lines arise from the same constituent of the membrane.

Upon stretching, part of the Halicystis diagram, which was previously
referred to as amorphous, now shows a preferred orientation as indicated
by four arcs which appear, each at 45° to the equator. Since these arcs are
superimposed upon the 4.45 and 4.0 A cellulose lines, it is impossible to
determine their corresponding interatomic spacings or whether they arise
from the same constituent as 12.5 and 6.0 A non-cellulosic lines.

Comparison of Halicystis with Valomia. The marine alga, Valonia
veniricosa Agardh, is somewhat similar to Halicystis in outward appear-
ance, but very dissimilar in membrane structure. The X-ray diagram of
Valonia is unlike Halicystis in that Valonia shows only the X-ray pattern
of native cellulose, and there is no evidence of an amorphous or non-
cellulosic constituent present. The orientation in Valonia also differs from
that in Halicystis. In Halicystis the mercerized cellulose is oriented at
random in the plane of the membrane, while in Valonia the native cellulose
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is oriented parallel in two directions which make an angle of approximately
80° to each other (2, 13). The two membranes are similar, however, in that
they both possess a selective orientation. In Halicystis the 7.4 A plane is
parallel to the surface, and in Valonia the 6.1 A plane. Thus, Halicystis
may be described as having a selective uniplanar orientation and Valonia
as having a selective biaxial orientation (15).

Comparison of X-ray and microscopic structure. The X-ray and micro-
scopic results on Halicystis and Valonia show a close correlation, as may
be seen by comparing Figure 2, which contains X-ray diagrams and photo-
micrographs of Halicystis taken perpendicular and parallel to the mem-
brane surface, with similar photographs of Valonia published elsewhere
(6). The photomicrographs show the presence of cellulose particles in both
Halicystis and Valonia. They differ, however, in that the particles exist
separately in random arrangement in Halicystis, while in Valonia they are
united end to end to form fibrils which are oriented in two directions at
approximately 80° to each other. This is in agreement with the random
X-ray diagram of Halicystis and the two 80° arcs in Valonia.

The selective orientation shown in the X-ray diagram of Halicystis
and Valonia cannot be detected in the microscope because of the ellipsoidal
shape of the cellulose particle (18). The microscopic results, however, do
not belie its existence since cross sections (6) show a laminated structure
for both Halicystis and Valonia.

The presence of non-cellulosic constituents shown in the X-ray diagram
of Halicystis is also corroborated by microscopic studies (5, 6) which show
the presence of a large amount of non-cellulosic material between the cel-
lulose particles in Halicystis.

Physical properties. The physical properties of Halicystis are compared
with those of Cellophane and Valonia in Table 1. All the data are listed
relative to dry Cellophane which is given a value of 1. The values for
Cellophane are the average of transverse and longitudinal strips. The
Cellophane contained a plasticiser and was of approximately the same
thickness (0.02 mm.) as the average Halicystis membrane. One of the most
remarkable properties of Hglicystis is the fact that it has a higher tensile
strength in the wet than in the dry condion. This is in direct contrast to
Cellophane which is weaker when wet. Valonia is also stronger when wet,
but this is to be expected since Valonia possesses a fibril structure like
cotton, which is also stronger wet than dry. Another interesting property
of Halicystis is its high elongation and elastic recovery. It is not unreason-
able to assume that this unusual physical property is due to the large
amount and nature of the non-cellulosic constituents which separate the
cellulose particles. The low elongation and high elastic recovery of Valonia
in the dry condition is probably due to the fibril structure. Owing to the
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difficulty of making measurements on the small pieces of membrane, the
values given in Table I are only approximate and of a relative nature, but
they serve to emphasize the influence of membrane structure on physical
properties.
TABLE 1
PHyYsicAL PROPERTIES OF CELLOPHANE, HALICYSTIS, AND VALONIA

t Cellophane Halicystis Valonia
Light transmission 1 1.1 1.0
Vapor permeability (H,0) 1 1.3 1.5
Moisture absorpti}m 1 1.9 0.9
. Dry 1 1.0 1.5
Tensile strength Wet 0.8 13 1B
o {Dry 1 1.3 0.2
Elongation \Wet 3 5.0 | 1
1
it . [Dry I 1.0 ! 2.0
Elastic recovery Wet 1.2 s } 0.7
PURIFICATION

When applied to Ialicystis, the usual purification treatments for cellu-
lose fail to produce a product which gives only the X-ray diagram of
cellulose. Extraction with organic solvents in a Soxhlet extractor, heating
with one per cent sodium hydroxide at 100° C. for 24 hours, and bleaching
with two per cent sodium hypochlorite for 15 minutes remove part of the
amorphous pattern, but the 12.5 A line is still present in the diffraction
pattern, as shown in Figure 3 C.

Successful purifications have been carried out by Dr. Reeves of this
laboratory (14) by extracting first with 1 per cent alcoholic solution of
potassium hydroxide, treating with o.1 normal hydrochloric acid, and then
extracting with aqueous 1 per cent sodium hydroxide. In each case the
extractions were at 75° C. for 24 hours. This process disintegrates the
membrane and leaves a product which now gives a clear pattern of mercer-
ized cellulose, as shown in Figure 3 E. Chemical tests, however, show that
this residue still contains non-cellulosic materials, and that part of the
cellulose was removed with the soluble fraction. In this connection it
should be emphasized that the above treatments in no way affect the X-ray
diagram of either native or mercerized cellulose, as shown by Figure 3 F.

The present evidence would indicate that the chemical nature of the
Halicystis membrane is changed by treatment with hydrochloric acid. The
untreated membrane is not swollen by strong sodium hydroxide or quater-
nary ammonium hydroxide or dispersed in cuprammonium hydroxide solu-
tions. If the membrane, however, is first treated with normal hydrochloric
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acid at 75° C. for 15 minutes it swells readily in strong bases and disperses
in cuprammonium hydroxide. The X-ray diagram of the product coagu-
lated from cuprammonium solution, however, still contains the 12.5 A
line. Treatment with hydrochloric acid alone does not change the X-ray
«liagram, but if the acid treatment is followed by extraction with dilute
alkali, then the X-ray pattern of the non-cellulosic constituents is de-
creased in intensity and that of the mercerized cellulose increased.

REVERSION TO NATIVE FORM

Additional proof for the existence of mercerized cellulose in Halicystis
comes from the fact that the mercerized structure may be partially con-
verted to the native form. It has been shown (11, 12) that when mercerized
cellulose from cotton or rayons is heated above 200° C. in formamide or
glycerine the mercerized cellulose is converted directly into native cellulose.
With Halicystis, attempts at conversion were successful with glycerine but
not with formamide.

When Halicystis was treated with boiling glycerine (250° C.) for 15
minutes the membrane partially dissolved. The undissolved portion gave
an X-ray diagram showing the presence of both mercerized and native
cellulose (Fig. 3 D). Mercerized cotton heated in glycerine under similar
conditions also gave a mixed diagram. In addition to partially reverting
the cellulose to the native form, the treatment with glycerine also re-
moved the 12.5 A line and most of the amorphous pattern, leaving only
the mixed diagram of mercerized and native cellulose. When the Halicystis
and cotton samples giving the mixed diagrams were treated with 18 per
cent sodium hydroxide and washed with water, the cellulose was again
completely changed back to the mercerized form.

When a Halicystis membrane was placed in boiling formamide (210° C.)
it dissolved in about 15 minutes. Upon cooling and dilution with water a
brown precipitate formed which gave an amorphous pattern. When the
liquid was added to an equal volume of cold acidified alcohol a white preci-
pitate formed which gave only the X-ray pattern of mercerized cellulose
identical with that shown in Figure 3 E. This precipitate also gave the
sulphuric acid-iodine test #or cellulose. Although treatment with hot
formamide failed to change the cellulose to the native form, the treatment
did serve as a convenient method of isolating a product from Halicystis
which gave only the mercerized cellulose diagram.

It is also known that mercerized cotton may be partially changed to
the native form by treating with hot 18 per cent sodium hydroxide and
washing in boiling water (8). Halicystis treated with hot 18 per cent sodium
hydroxide and washed in boiling water gave a partial reversion to the na-
tive g)rm. Unlike glycerine, the sodium hydroxide did not remove the
12.5 A line.
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FORMATION OF CELLULOSE DERIVATIVES

Additional evidence for the existence of cellulose in the mercerized
form in Halicystis comes from the formation of a definite swelling com-
pound with ethylenediamine which can be detected by its X-ray pattern.
Trogus and Hess have shown (21) that when ethylenediamine swells cel-
lulose, a definite swelling compound is formed, and that the extension of
the 101 plane is greater when the compound is formed from mercerized
than when formed from native cellulose. Ethylenediamine has no effect
on the untreated membrane, but if it is first treated with normal hydro-
chloric acid at 75° C. for 15 minutes, then a cellulose swelling compound is
formed, the spacings of which correspond to the compound formed from
mercerized cotton cellulose.

Further proof for the existence of cellulose in Halicystis comes from the
work of Compton of this laboratory (3) which shows that the definite
cellulose derivative, cellobiose octaacetate, may be formed. The similarity
of cellobiose octaacetate obtained from Halicystis and cotton is indicated
by their identical X-ray diagrams (shown in Fig. 1 E and F), melting
points (222° C.), and optical rotations ([a] =+441.6°).

Since cellobiose octaacetate may be obtained from either native or
mercerized cellulose, the similarity of the product obtained from Halicystis
and cotton does not prove that mercerized cellulose is present in Halicystis,
but it does prove that the cellulose molecule is present, and this eliminates
the possibility of some other unknown carbohydrate being present in
Halicystis which would give the same diffraction pattern as mercerized
cellulose.

DISCUSSION

The X-ray identification of mercerized cellulose in Halicystis is further
supported by microchemical tests by Farr (7) which show that the cellulose
particles in Halicystis turn blue when treated with iodine-potassium iodide
solution. Van Iterson (g) observed that the Halicystis membrane turned
blue when treated with iodine, and since he believed the blue coloration to
be due to amyloid, he questioned the cellulose nature of the crystalline
material which was doubly-refractive in polarized light. The X-ray identi-
fication of mercerized cellulose now explains van Iterson’s results, since it
is well known (4) that mercerized cellulose stains a deeper color than na-
tive cellulose when treated with iodine.

Although all the chemical, X-ray, and microscopic data point to the
existence of cellulose which has a mercerized crystalline structure, there
is other evidence such as its solubility in sodium hydroxide, viscosity, and
chemical reactivity which indicates that the cellulose isolated from Hal:-
cystis, especially in its colloidal behavior, is not identical with mercerized
cotton cellulose. In its isolated form, it cannot be classified as alpha-
cellulose, but rather as a bela- or gamma-cellulose, depending upon the
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method of isolation from the Halicystsis membrane. If compared with
cotton cellulose, the present data indicate that the cellulose from Halicystis
is more like cellulose from cotton which has been treated with hydrochloric
acid and then mercerized with sodium hydroxide.

The ‘“degraded’” nature of the cellulose in Halicystis is also indicated
by the relative intensity of the X-ray diffraction lines. In the pattern of
mercerized raw cotton, the 4.45 and 4.0 A lines are of about equal intensity.
If the cotton, however, is treated with hydrochloric acid to the point where
it will disperse in cold 10 per cent sodiuni hydroxide, then the 4.45 A line
of the mercerized diagram is much more intense than the 4.0 A line. From
Figure 3 E it may be seen that the 4.45 A diffraction line of Halicystis is
more intense than the 4.0 A line.

The non-cellulosic material which gives the 12.5 A line appears to be
closely bound with the cellulose as indicated by the fact that their diffrac-
tion lines have the same orientation in both the stretched and unstretched
membranes and by the fact that they are not separated by the usual cel-
lulose purification treatments. The amorphous X-ray pattern is greatly
decreased by extraction with organic solvents and dilute sodium hydroxide
and bleaching with sodium hypochlorite, but the membrane must be
broken down before the cellulose can be separated from the material which
gives the 12.5 A line. This would indicate that this material serves as a
matrix or cementing material between the cellulose in building up the
membrane structure. Whether the bond between this material and the
cellulose is of a physical or chemical nature is not indicated by the X-ray
data, since it is difficult to determine whether the lack of resolution of the
cellulose lines (especially the 4.45 and 4.0 A lines) is due to a masking
produced by the superimposition of other patterns on the cellulose lines,
or whether it is due to a broadening of the cellulose lines resulting from a
mixed crystallization of the cellulose and non-cellulosic materials.

The close association of cellulose with the non-cellulosic constituents
makes it difficult to determine the amount of cellulose present in Halicystis.
Rough estimates, however, based upon the weight of cellulose that can be
separated, indicate approximately so per cent cellulose. Furfuraldehyde
determinations by Reeves of this Laboratory (14) indicate the presence of
over 35 per cent pentosans. The lack of sufficient material prohibits fur-
ther work regarding the amount and chemical nature of the various con-
stituents of the Halicystis membrane.

The exact réle which the non-cellulosic constituents play in contribut-
ing to the physical and chemical properties of the Halicystis membrane
is not clear. It segts reasonable to assume, however, that the unusual wet
strength and the elongation and elastic regain of the membrane is due to
the non-cellulosic constituents. It also appears probable that the inertness
of the membrane to strong alkaline swelling agents which ordinarily swell



1941] S1ssoN—MEMBRANE STRUCTURE OF HALICYSTIS 43

cellulose, is due to the protective effect of the non-cellulosic materials.
The biological significance of mercerized cellulose in Halicystis also is
not clear, since it is not known whether the mercerized condition is specific
for Halicystis. Comparatively few of the lower plant membranes, or mem-
brane constituents other than cellulose, have been subjected to X-ray
analysis. It is generally believed that native cellulose is only a metastable
form, because it is extremely difficult, once it has been transformed into
mercerized cellulose by treatment with strong swelling agents, to get it
back again to the native form. The question as to why cellulose should be
deposited in the stable mercerized form in Halicystis and in the unstable
native form in the closely related cell, Valonia, is yet to be answered.

SUMMARY

1. X-ray examination of three species of untreated Halicystis shows
the presence of diffraction lines corresponding to mercerized crystalline
cellulose. There is also present a crystalline non-cellulosic pattern and an
amorphous pattern.

2. Both the cellulosic and non-cellulosic constituents have a random
orientation in the plane of the membrane but a selective orientation with
reference to the surface. When the membrane is stretched a new orienta-
tion is produced parallel to the direction of stretching.

3. X-ray and microscopic data on Halicystis are compared and dis-
cussed in relation to similar data on Valonia.

4. Some physical properties of Halicystis, Valonia, and Cellophane are
measured and discussed in relation to membrane structure.

5. The non-cellulosic constituents are not removed by the usual cellu-
lose purification treatments. After pretreatment with warm dilute hydro-
chloric acid the purification treatment leaves a residue which gives only
the diagram of mercerized cellulose.

6. The orientation and purification studies indicate a close bond be-
tween the cellulosic and non-cellulosic constituents, the exact nature of
which is not indicated.

7. When Halicystis is treated with hot glycerine the mercerized cellu-
lose is partially converted to the native form.

8. The cellulose in Halicystis forms swelling compounds with ethyl-
enediamine and yields the definite derivative cellobiose octaacetate.

9. The mercerized cellulose in Halicystis has the same crystalline struc-
ture as mercerized cotton cellulose, but exhibits different colloidal and
chemical reactions.

10. The identification of mercerized cellulose in Halicystis is of both
biological and chemical interest since it is the first example of a plant mem-
brane subjected to X-ray diffraction analysis which shows the cellulose
to exist in the mercerized form.
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SPRAYS THAT BREAK THE REST PERIOD
OF PEACH BUDS

JouN D. GUTHRIE

For the proper growth of buds of peach trees in the spring it is necessary
that they receive a certain amount of cold weather. In southern parts of
this country peach trees do not foliate properly following warm winters
and this appears to determine the southern limit of peach culture. An im-
portant contribution toward the solution of this problem made by Boyce,
Chandler, and Kimball (1), who used 2,4-dinitro-6-cyclohexylphenol, sug-
gested that it would be of interest to try other substances.

MATERIALS AND METHODS

One-year-old peach trees (Prunus persica Sieb. & Zucc.) of the Elberta
variety were planted in the spring in 10-inch pots. They were pruned to
give a head of three to six twigs. After growing outside until November
they were moved to the greenhouse at 65° to 75° F. The sprays were ap-
plied to individual twigs with an atomizer. After three weeks the number
of buds growing on each twig was recorded. Observations one or two weeks
later did not differ much from the three-week observations and will not
be presented. In general, very few buds grew on the unsprayed twigs even
after the trees were placed out-of-doors in the spring. An exception to this
was twigs infested with aphids. It appeared that aphids feeding on the
twigs terminated the rest period of the buds. Frequent nicotine fumigation
was necessary to keep these under control. The conditions in the green-
house were not favorable to the survival of flower buds. The data presented
in the tables are for leaf buds only.

EXPERIMENTS

In preliminary experiments about 40 substances were tried. The sol-
vent used was 10 g. paraffin oil dissolved in 490 cc. of acetone. One per
cent solutions of the substances in this solvent were used except in cases
where a lower concentration was necessary to avoid injury. Of the sub-
stances tried, three showed sufficient stimulative action to warrant fur-
ther trial. These were p-thiocresol (CH;CsH,SH), 4-chloro-o-phenylphenol
(CeHs- CIC¢H;0H), and a-nitronaphthalene (C10H:NO,). Weinberger (2)
has reported chloro-o-phenylphenol ineffective in concentrations of o0.06
and o.12 per cent. The results of further experiments with these substances
follow.

Experiment 1. In this experiment the sprays were applied on February
21, 1940. The solvent used was 10 g. of paraffin oil in 490 cc. acetone. As a

Copyright, 1941, by Boyce Thompson Institute for Plant Research, Inc.
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positive control a o.2 per cent solution of 2,4-dinitro-6-cyclohexylphenol
was used. Each spray was applied to nine twigs. After three weeks the
number of leaf buds growing was recorded for each twig. Since the size of
the twigs varied, the total number of buds sprayed was also recorded. In
each case the values presented in the first experiment of Table I are the
totals for nine twigs. It will be seen that all of the substances tested induced
two or three times as many buds to grow as grew on the controls sprayed
with the paraffin oil-acetone mixture alone. It appears that after having
been in the greenhouse for several months, the buds respond to some extent
to the carrier alone. In the next experiment on the next season’s lot of trees
the sprays were applied soon after removal of the trees to the greenhouse.

TABLE 1

BREAKING THE REST PERIOD OF LEAF Bubs OF PEACH WITH SPRAYS CONTAINING
VARIOUS SUBSTANCES

Experiment 1 Experiment 2
Per %ent N b N P

sub- o. er o. er

Substance _stance g,‘és buds | cent ﬂﬁs buds | cent

N SPray |sprayed gfﬁ: gxi':;v sprayed gli‘lt:;v g:::
#-Thiocresol 1.00 110 58 53 187 63 34
p-Thiocresol 0.25 84 41 49 " 164 17 10
Control—carrier only 0.00 104 24 23 183 2 1
4-Chloro-o-phenyliphenol 1.00 98 53 54 171 11 6
4-Chloro-o-phenylphenol 0.25 92 41 45 174 3 2
Control—carrier only 0.00 o1 14 15 177 o o
a-Nitronaphthalene 1.00 113 64 57 137 36 26
a-Nitronaphthalene 0.25 97 49 51 137 5 4
Control—carrier only 0.00 119 22 18 143 8 6
2,4-Dinitro-6-cyclohexylphenol | o.20 o8 30 31 154 29 19
2,4-Dinitro-6-cyclohexylphenol | o.09* 146 25 17
Control—unsprayed 0.00 142 o o

* Spray prepared according to U. S. Patent No. 2,166,123 (1).

Experiment 2. In this experiment the sprays were applied on November
23, 1940, about three weeks after the trees were moved to the greenhouse.
The carrier used was the same as that used in Experiment 1, with the ex-
ception of the inclusion of a spray containing 2,4-dinitro-6-cyclohexyl-
phenol in a light petroleum oil emulsified with blood albumen according
to Boyce, Chandler, and Kimball (1). It will be noted that, with the excep-
tion of 4-chloro-o-phenylphenol some response to the substances tried was
observed even at this stage of the rest period. The paraffin oil-acetone car-
rier had little effect at this stage of the rest period.

Experiment 3. In order to see if p-thiocresol, 4-chloro-o-phenylphenol,
and a-nitronaphthalene could be used in an oil emulsified in water, an
experiment was made in which a light petroleum oil of the dormant type
emulsified with Penetrol was used. Penetrol alone was also tried as a car-
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rier. These sprays which were applied December 27, 1940 were prepared
by warming soo mg. of the substance in 5 cc. of the oil until dissolved,
adding 1 cc. of Penetrol and then shaking with 45 cc. of water. The sprays
in which Penetrol alone was used were prepared by dissolving 500 mg. of
the substance in 5 cc. of warm Penetrol and shaking with 45 cc. of water.
Each spray was applied to six twigs. The results are shown in Table II.
It will be noted that p-thiocresol and 4-chloro-o-phenylphenol were effec-
tive in inducing the growth of buds when applied in an oil emulsion. «a-
Nitronaphthalene appears to be ineffective in such a carrier at this stage
of the rest period. Little or no effect was observed for any of the three
substances in Penetrol alone.

TABLE 11

INFLUENCE OF THE CARRIER ON THE EFFECTIVENESS OF SUBSTANCES THAT BREAK
THE REsST PERIOD OF LEAF BuDs oF PEACH

! l

Substance in light oil Substance in Penetrol
Per cent | Tmlsiﬁid_with Penetrol alone
Substance si‘l'\bft?:(:e No. | No. Per No. ! No. Per
| N SPray | puds | buds | cent | buds ! buds | cent
| sprayed growing growing' sprayed growing growing
p-Thiocresol 1.0 90 | 36 40 75 6 8
4-Chloro-o-phenylphenol 1.0 8% | 2 5 28 8 « 11 12
a-Nitronaphthalene 1.0 o1 ! 5 5 105 1 1
Control—carrier only | o.0 8s ! 3 4 85 3 4
Control—unsprayed , o©.0 99 | o o
SUMMARY

p-Thiocresol, 4-chloro-o-phenylphenol, and a-nitronaphthalene break
the rest period of peach buds when applied in sprays.
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