scopic studies of lipids (8, 9, 29) and the
fact that the 1082 cm™' peak is stronger
than the 1068 cm™' peak, we conclude that
the opsin membrane phospholipids are in a
fluid state at room temperature. This
agrees with diffusion studies (4, 30). Fur-
ther, it is likely that the membrane lipids
remain fluid down to at least 15°C. Below
15°C the 1068 cm™! trans peak becomes
more intense relative to the gauche peak at
1082 cm™!, an indication of a gel-liquid
crystal transition. Such a low transition
temperature could be consistent with the
high degree of lipid hydrocarbon unsatura-
tion present in opsin membranes (30, 31).

In conclusion, Raman spectroscopy of
photoreceptor membranes can provide a
sensitive probe of the membrane lipids and
the membrane protein opsin (32). The
main picture that has emerged from our
study thus far is of an opsin protein which
contains a-helical bonding but no detect-
able g-helical structure or random coil.
Thus, the “dumbbell’” model (4), which en-
visions significant g-helical structure such
as found in gramicidin A (/7), is unlikely.
However, our data are consistent with the
three-dimensional model recently obtained
for purple membrane, which reveals a pro-
tein consisting of seven closely packed a-
helical segments perpendicular to the plane
of the membrane (33). We also find evi-
dence for hydrogen-bonded tyrosines
which may be present as Tyr ... -O0C
bonds. In addition, the unusual configura-
tion of disulfide bonds could be related to
the proposed disulfide exchange during the
bleaching process (34).

Note added in proof Recent Fourier
transform infrared absorption studies on
photoreceptor membranes (/2) indicate
extensive a-helical structure and no detect-
able 8 structure for both opsin and rhodop-
sin.
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Shoot Initiation from Carnation Shoot Apices Frozen to -196°C

Abstract. Aseptically excised shoot apices from Dianthus caryophyllus were frozen to
-196°C and subsequently thawed to room temperature. Survival rates as high as 33 per-
cent, determined by callus formation, growth, or chlorophyll formation, are reported;

plant formation has been observed.

During the past few years, several
groups have developed techniques that ex-
pose plant suspension culture cells (1), cal-
lus (2), and both plant (3) and animal (4)
embryos to temperatures as low as -196°C
while maintaining cell viability. The objec-
tive of this work has been to obtain a reli-
able method for preserving specific cell and
tissue culture lines for extended periods of
time without the risk of microorganism
contamination, equipment failure, or

changes in chromosomal cytology and
morphogenic potential (5). These problems
are associated with the current practice of
serial transfer. Plants have been grown
from frozen cells after thawing, but initia-
tion of organized development is difficult
to achieve in cell cultures of many species
even before freezing. Shoot tip or apex cul-
tures, on the other hand, are routinely used
to propagate many species (6) and, in addi-
tion, give rise to plants that are free of

Fig. 1. Shoot initiation from carnation shoot apices cultured in the light after being frozen to -196°C
and thawed under the conditions described in the text. (a) Apex immediately after thawing (1 mm
long). (b) Apex 2 months after thawing (7 mm long).
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pathogens (7). The process of development
in cell cultures also involves adventitious
organogenesis of either shoots or asexual
embryos, which can foster a high incidence
of genetically aberrant plants (6). For these
reasons, shoot apex cultures were chosen
as the subject of investigation. I report
both the successful recovery of viable plant
shoot apices that were frozen to -196°C
and the subsequent production of plants
from surviving apices (8).

Carnation stock plants, Dianthus caryo-
phyllus cultivars ‘Scania’ and ‘Ellen
Marie,” were maintained in a growth
chamber with 8-hour days for at least 9
weeks. Shoot apices (the meristem and
two-leaf primordia) were excised from
stock plant cuttings and placed on a grow-
ing medium containing Murashige and
Skoog salts (9), sucrose (30 g/liter), thi-
amine-HCl (0.4 mg/liter), myoinosi-
tol (100 mg/liter), indoleacetic acid
(0.1 mg/liter), and kinetin (0.5 mg/liter).
The pH of the solution was adjusted to 5.7
before the addition of agar (10 g/liter). Af-
ter 4 days of incubation in the dark at
26° + 1°C, apices were placed in a 4-ml
vial containing 0.5 ml of a freezing solution
consisting of 5 percent dimethyl sulfoxide
in growing medium (without agar). The
shoot apices were 0.5 to 1 mm long at this
stage. Freezing was accomplished by pour-
ing liquid nitrogen directly into the freez-
ing vial and then dipping the vial into an
open Dewar flask filled with liquid nitro-
gen. The cooling rate (between —-10° and
-70°C), measured with a copper con-
stantan thermocouple at the liquid surface
(most of the apices floated), was = 1000°C
min~!, Shoot apices were thawed by plung-
ing the vials into 37°C water. Such condi-
tions gave an initial warming rate of 900°
to 1200°C min-'. Thawed apices were
rinsed twice in liquid growing medium
without dimethyl sulfoxide and then trans-
ferred to tubes of agar growing medium.

The rate of survival under the above
conditions as determined by callus forma-
tion, growth, or chlorophyll formation was
15 percent (number frozen = 134) for ‘El-
len Marie’ and 33 percent (number fro-
zen = 95) for ‘Scania.” Surviving apices
cultured in the dark formed callus. Shoot
initiation and plant formation have thus
far been observed (although in only about
5 percent of surviving apices) only when
thawed apices were exposed to light (Gro-
Lux fluorescent, 16 hour/day, 0.48 to 2.6
mw/cm?). Figure 1 shows shoot apices at
two stages of development after thawing.
After the stage indicated in Fig. 1b, the
shoots were rooted and subsequently trans-
ferred to soil as in Fig. 2. The plant on the
right was grown from a shoot apex held at
-196°C for 5 minutes. That on the left was
grown from a similarly treated but unfro-
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Fig. 2. Plants obtained from shoot apices of the
‘Ellen Marie’ carnation cultivar 4 months after
treatment. The example on the left grew from
an unfrozen control apex treated with dimethyl
sulfoxide; that on the right grew from an apex
that had been frozen.

zen apex. Survival (callus growth) has been
found in apices that have been stored at
-196°C for as long as 2 months.

My work demonstrates that a shoot
apex can be frozen to -196°C and success-
fully thawed in a viable state. Further-
more, the fact that shoots and, sub-

Formation of Cyanamides

sequently, plants can be obtained from sur-
viving apices means that the morphogenic
potential of the organ is not necessarily de-
stroyed by the freezing process. Finally,
with additional refinement of the process it
may be possible to establish plant organ
banks to preserve plant genotypes without
the problems associated with initiation of
organized development, pathogens, and
adventitious organogenesis.

MICHAEL SEIBERT
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Lecture,

from Secondary Amines in Human Saliva

Abstract. I-Morpholinocarbonitrile (1-cyanomorpholine) was formed from morpho-
line when this amine was incubated in whole human saliva. Several other secondary
amines appeared to form analogous products, and this transformation may therefore rep-
resent a general metabolic pathway for amines in saliva.

Human saliva contains nitrite and is
therefore an important source of man’s ex-
posure to this substance (/). The nitrite is
formed via nitrate reduction by the normal
oral microflora. Since nitrite is known to
react with amines to form potentially car-
cinogenic nitrosamines, it seems logical
that the microflora of the oral cavity would
also participate in nitrosamine synthesis,
thereby establishing a possible connection
between environmental nitrate and human
cancer.

To this end we have been conducting ex-
periments in which secondary amines are
added to whole saliva, which is then ana-
lyzed for possible nitrosamine formation.
Morpholine (1) is one such amine that has
been found to be converted to its nitro-
samine (2); in the course of these experi-

ments, however, we have discovered anoth-
er type of product arising from the amine.
In the case of morpholine, this new pro-
duct has been characterized as the cy-
anamide (2).

[Oj Saliva (0>

—_— e,

y y
H CN

1 2

A number of other secondary amines also
form analogous products (3).

After searching the literature we have
not found even a single reference on the oc-
currence of these well-known stable com-
pounds in biological systems. Little infor-
mation appears to be available on the bio-
logical activity of the dialkyl cyanamides.
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