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tracted by the usual chemical procedures has suggested
that very probably it could isolate other biologically
active substances in an unaltered condition.

Virus proteins have proved to be of exceptionally
high molecular weight, and the centrifugal fields most
advantageous for sedimenting and purifying them do
not exceed about 50,000 times gravity. Antibodies,
enzymes, protein-linked hormones and the like are
smaller and therefore need higher fields for their con-
centration.

Using suitably shaped heads of light metal alloys we
have centrifuged volumes in excess of 100 ec for as
long a period as desired in fields several times those
employed in the virus work. If the quantity head is
made of one of the commercially available magnesium-
rich alloys, the maximum field that can safely be used
has been between 200,000 g and 250,000 g. Duralumin
heads of the same size will run well between 250,000 g
and 300,000 g; one has been operated for several hours
somewhat above 350,000 g, though this is so near the
bursting field that routine operation probably is im-
practical. In the present design of head a field of
300,000 g is attained at 60,000 r.p.m.

These fields will concentrate most proteins from
aqueous or dilute salt solutions. The efficiency of con-
centration depends on many faectors, notably the dura-
tion of the run and the viscosity, and hence the con-
centration and temperature, of the solution. Whether
a protein sediments as a solid mass or accumulates in a
liquid layer in the centrifuge tube will depend on its
solubility.

In order to obtain a measure of the degree of con-
centration afforded by these higher fields, solutions of
proteins with small sedimentation constants have been

TABLE I

CONTENTS OF LAYERS OF PROTEIN SOLUTIONS ULTRA-
CENTRIFUGED FOR THREE HOURS
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Per cent. Per cent. Per cent.
Top .... 0.8 0.6 0.9 <0.1 0.1 <0.1
Middle .. 0.9 1.4 11 <0.1- 1.0 <0.1
Bottom . 1.2 4.8 1.9 6.0 3.8 6.0*
Original
solution 0.85 1.0 1.9

* Most of the antibody was present in the bottom of the
tube as a solid precipitate.
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spun under otherwise comparable conditions at maxi-
mum fields of 50,000 g, 200,000 g and 250,000 g. The
amount of protein in different layers was determined
at the conclusion of the runs. Some results comparing
the 50,000 g and the 200,000 g fields are recorded in
Table I. It is apparent from these and similar data
that molecules with s > 15 can be concentrated and
those with s > 40 can be sedimented within a reason-
able time by fields not greater than 50,000 g. Egg
albumin is concentrated in the 200,000 g field and
hemoglobin can be thrown down completely, though
the time needed for such sedimentation is of the order
of six hours.

No serious new mechanical difficulties are met in
working at 200,000 g. The transparent containers
heretofore employed have not withstood still higher
fields, but as long as a liquid is not corrosive it can be
placed directly in the head and successive layers
pipetted off after a run.

Details of the construction of quantity heads suit-
able for these higher fields as well as examples of their
use in protein isolation and purification will be pub-
lished later.

Rarpr W. G. WYCKOFF

ROCKEFELLER INSTITUTE FOR MEDICAL

RESEARCH, PRINCETON, N. J.

BREAKING THE REST PERIOD OF THE
STRAWBERRY BY LONG DAYS AT
HIGH TEMPERATURES

ExPERIMENTS reported herewith indicate that long
days at high temperatures may be fully effective in
breaking the rest period of strawberries. The leading
southern strawberry varieties when raised in the South
require little or no low-temperature rest period in
winter to enable them to start into vigorous growth.
In contrast, northern varieties under natural field con-
ditions require a low-temperature rest period in winter
before they start vigorous growth.

During the winter of 1935-36, 10 varieties—Mis-
sionary, Southland, Blakemore, Bellmar, Dorsett,
Fairfax, Narcissa, Catskill, Howard 17 (Premier) and
Burrill—were selected to represent the most widely
different growth types. Missionary, Southland and
Blakemore were included to represent the southern
varieties, which grow the most vigorously in short
days, and Howard 17 and Burrill represented the
northern varieties, which grow slowly, if at all, under
short-day conditions. The other varieties are inter-
mediate in their growth response. The plants were
exposed in the greenhouse to three photoperiods (16-
hour, 14-hour and normal winter days of the latitude
of Beltsville, Md., ranging from 13 to 10 hours long)
at each of three temperatures (70° F. 60° F., and
556° F.). The increased daily-light periods were ob-
tained by supplemental exposure for suitable periods
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at the end of each day to 500-watt Mazda lights sus-
pended about 24 inches above the plants. In each
light and temperature test there were three plant
groups, one group placed under the differential light
treatments on September 1; a seecond group brought
into the greenhouse and placed under the light treat-
ments on November 15, after having been exposed to
the normal temperatures and short days of fall (about
11 hours) ; and a third group brought into the green-
house and placed under the light treatment on January
1, after baving had a low-temperature rest period in
an unheated house. Records were taken on March 2,
after the September 1 lots had been in the greenhouse
6 months, the November 15 lots 33 months, and the
January 1 lots 2 months. Leaf areas for one plant
each of Blakemore and Fairfax were averaged to indi-
cate amount of growth attained under each freatment,
as an examination of all plants of all varieties showed
that these two varieties were representative exeept in
the case of Missionary under short days. Table 1
gives the average leaf area for the plants of the two
typical varieties under the different light and tempera-
ture conditions on March 2. “

TABLE 1

EFFECT OF VARIOUS PHOTOPERIODS AND TEMPERATURES ON
LEAF AREA OF STRAWBERRY PLANTS,
BELTSVILLE, MD.

Average leaf area on March 2, 1936

Condi-
Dgfe ti?n %f Day length at Day length at
plan ay length a; ay length a
sggrgt- at s;cart 70° F, 60° I,
o
experi- eyperi- 16-hr. 14-hr. Normal 16-hr. 14-hr. Normal
ment ment day day day day day day

Sq. cm Sq. em Sg. cm Sq. cm Sq. em Sq. em
Sept. 1 Not rest-

ing .. 934 667 426 913 460 407
Nov.15 Resting 1,023 991 508 531 200 274
Jan.1 Rest

broken 1,023 947 668 825 581 422

At 70° F. all varieties in all three groups developed
approximately the same leaf area, both in the 16-hour-
and the 14-hour-day tests (the September 1 14-hour-
day plants being smaller but not significantly so).
In the normal-day lot, however, the September 1 and
November 15 groups were similar and were still in
their rest period, while the January 1 group had de-
veloped a considerably larger leaf area, indicating that
its rest period had been broken. Thus, a 70° F. ex-
posure to photoperiods of 16 and 14 hours (1) pre-
vented a rest period in the September 1 group and (2)
broke the rest period in the November 15 group. Pre-

vious exposure to low temperatures had already broken

the rest period of the January 1 group.

At 60° F. the 14-hour- and normal-day lots of the
September 1 group were still in their rest period, while
the 16-hour lot was growing vigorously. None of the
November 15 group grew vigorously at 60° F., al-
though the 16-hour lot made some growth. Plants in
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the 14-hour- and normal-day lots of the November 15
group even decreased in size from loss of leaves. Each
lot of the January 1 group made good growth (the
normal-day plants after two months actually being as
large as the September 1 normal-day lot) affer six
months in the greenhouse. Thus, at 60° F. under 16-
hour days, (1) plants that were not in the resting con-
dition at the start of the experiment (i.e., the Septem-
ber 1 lot) did not undergo a rest period; and (2)
plants that were in the resting condition at the start
(4.e., the November 15 lot) had their rest period par-
tially broken at 60° F. under 14-hour days; (3) plants
not in the resting condition (¢.e., September 1 lot)
went into a rest period; and (4) plants in the resting
condition (i.e., November 15 lot) did not have their
rest period broken.

The strawberry differs from many plants in that it
retains its green leaves while in the resting condition.
Most fruit plants lose their leaves when entering the
rest period, and as a result light has no effect on the
rest period. In southern states, when there is not
sufficient low temperature in winter to break the rest
period of fruits such as the peach, the leaves appear
slowly, and after many weeks the rest period is broken
and active growth is resumed. In contrast, in this
experiment the strawberry plant had green leaves
through which light eould have an effect, and long days
at high temperatures were fully effective in breaking
the rest period.

GEeo. M. Darrow

BUREAU OF PLANT INDUSTRY

TU. S. DEPARTMENT OF AGRICULTURE
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