(7). In females, the picture is compli-
cated by a further increase in hemo-
globin concentration and specific gravity
accompanying the maturity of the ova-
rian eggs. In the same way, the glycogen
concentration of the liver is higher per
gram of tissue in larger animals than
- in small (8).

All in all these results show that as
auxetic growth continues, concomi-
tant physiological changes occur which
probably affect the metabolism of the
animal. To clarify this conclusion, the
effects of environmental changes in
temperature, dehydration, and diet, and
possible changes in the serum proteins,
are being investigated in addition to
the studies mentioned above.

GILBERT CHURCH
Department of Chemistry and Biology,
Institute of Technology,
Bandung, Indonesia
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Synthesis of Bacterial Cellulose
from Labeled Precursor

Abstract. The isolation and purification
of an immediate precursor of bacterial cel-
lulose was confirmed with glucose ran-
domly labeled with carbon-14. The glu-
cose appears to be bound within the cell
to a lipid, is carried across the bacterial
cell wall, and is incorporated enzymatical-
ly into cellulose extracellularly.

The isolation and purification of a
compound containing glucose bound to
a lipid, from ethanol extracts of active
suspensions of Acetobacter xylinum, has
been described recently (7). This com-
pound appears to be the precursor of
bacterial cellulose in that it will form
typical microfibrils in aqueous solutions
containing an extracellular enzyme.
Preparations of the compound were
shown to be homogeneous by two-
dimensional chromatography in an
acidic and a basic solvent, as tested by
four detector systems, including auto-
radiography. We report here confirma-
tion of the previous work from the re-
sults of a study of the transfer of
glucose randomly labeled with C* from
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the above compound to cellulose, under
conditions which simulate in -vivo
formation of microfibrils. These results
afford additional insight into the mech-
anism of biosynthesis of cellulose by
this bacterium.

Labeled precursor was prepared as
follows: Cellulose-free, washed cells
from 100 ml of a suspension of A.
xylinum, prepared as described pre-
viously (2), were incubated for 4 or
5 min (depending on the activity of the
individual cell suspension) at 35°C in
a 2 percent glucose solution, 0.01M in
phosphate buffer, pH 6.0. Sufficient
glucose in this solution was randomly
labeled with C* to give radioactivity
of 2.5 pc/ml of initial solution. The
isolation of the precursor from ethanol
extracts of these suspensions, in the
fourth fraction off a magnesium trisili-
cate-Celite column, M4, was carried out
as reported earlier (/). For autoradi-
ography of the labeled preparations,
paper chromatograms (acid-washed
Whatman No. 1 paper 7 by 7 in.) were
developed two-dimensionally by the
descending technique in n-butanol,
acetic acid, and water (4:1:1) and n-
butanol, pyridine, and water (10:3:3).
The chromatograms were then placed
in contact with medical x-ray film,
which was developed after 4 days of
exposure. Quantitative estimates of the
fraction of glucose incorporated into
the precursor at any instant were not
undertaken because the fraction is very
small and the compound is sensitive to
traces of ‘water on the paper. For in-
stance, drying the preparation on initial-
ly slightly damp chromatographic paper
will completely destroy it.

The fraction containing the precursor
of bacterial cellulose, M4, exhibited
only one spot on the autoradiograms
in the same position as the compound
detected previously (I) by KIO.-starch
reagent (3). At low concentrations
round compact spots were observed,
but at higher concentrations severe
streaking of the chromatogram was
always present. This streaking is at-
tributed both to a slow breakdown of
the compound in the water phase and
to a slow rate of attainment of equilib-
rium. No traces of the predominant
compounds in the suspension medium,
glucose, and the gluconates were de-
tectable in the autoradiograms of the
M4 fraction.

The incorporation of a component
of M4 fraction into bacterial cellulose,
under certain conditions, was demon-
strated as follows: (i) 1 ml of M4 in-

Fig. 1. Typical chloroform-ethanol insol-
uble, alkali-resistant, amorphous material
formed by M4 fraction in the presence of
only water.

cubated with 1 ml of water for 30 min
at 35°C; (ii) 1 ml of M4 incubated as
above with 1 ml of an ultrafiltered
supernatant fraction of an active cul-
ture which contains an enzyme catalyz-
ing cellulose formation (4); (iii) 1 ml
of ultrafiltered supernatant fraction in-
cubated alone for 30 min at 35°C.
After incubation, each sample was
diluted to 10 ml with redistilled
absolute ethanol and centrifuged at
15,000 g for 15 min. The pellet, if any,
was re-extracted with 3 ml of chloro-
form to remove lipids and recentri-
fuged.

Ethanol-chloroform insoluble materi-
al was formed principally in (ii), very
little in (i), and none in (iii). The
pellets from (i) and (ii) were digested
with hot 4 percent NaOH to remove
noncellulosic polymers (4), washed
free of NaOH, dispersed in water,

Fig. 2. Typical chloroform-ethanol insol-
uble, alkali-resistant cellulose microfibrils
formed by the M4 fraction in the presence
of an enzyme in the ultrafiltered super-
natant fraction of an active culture of
A. xylinum. Note the presence of substan-
tial amorphous material also.
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dialyzed, mounted, and shadowed for
examination in the electron microscope.
Most of the material from (i) dissolved
in hot NaOH and showed only traces
of amorphous substance (Fig. 1). Con-
versely, material from (ii) was fibrillar,
resembling normal bacterial cellulose
microfibrils (Fig. 2), and gave a posi-
tive anthrone reaction (5). Radioac-
tivity was detected when the micro-
fibrillar material was spread on a
planchet under a counter and when it
was exposed as a thin film to an x-ray
emulsion. The combined ethanol and
chloroform extract from (i) was radio-
active, but no radioactivity was detect-
able in the combined extracts from (ii).

These results confirm the previous
conclusion that the compound in the
M4 fraction is an immediate precursor
of bacterial cellulose. They also con-
firm the conclusion that a catalyst,
which is probably an enzyme, is re-
quired for the formation of the cel-
lulose microfibrils from the precursor,
and that this enzyme is present in the
extracellular medium of A. xylinum.
This conclusion has been substantiated
recently for A. acetigenum also (6).
In the presence of the enzyme, the
glucose is transferred mainly from
soluble precursor into insoluble cellulose
microfibrils by tip growth (7). No evi-
dence for the necessity of a primer was
observed, but these experiments do not
exclude this possibility. These results
thus support the postulation of a dif-
fusible intermediate by Schramm et al.
(8).

Presumably the precursor, contain-
ing lipid-bound glucose, is formed with-
in the cells from glucose taken up dur-
ing incubation. The bound activated
glucose is then transported across the
cell wall, perhaps aided by the presence
of a substantial lipid moiety. After the
extracellular enzymatic transfer of the
glucose portion of the molecule to the
growing microfibril, the lipid fraction
is probably recycled since it does not
accumulate in the medium (9).

A. W. KHAN*

J. R. CoLvIN
Division of Applied Biology, National
Research Council, Ottawa, Canada
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Nondestructive Method for
Estimating Chlorophyll
Content of Leaves

Abstract. A quantitative relationship is
shown to exist between the chlorophyll
content of soybean and Valencia orange
leaves and their percentage reflectance of
light of wavelength 625 my as measured by
a colorimeter with reflectance attachment.

Incident to an investigation of the
response of plants to iron supply, a
method was needed whereby successive
daily estimates of chlorophyll content
could be made on the same leaf. Stand-
ard methods were not suitable because
they require destruction of the leaf.
Since chlorotic leaves become greener
to the eye as the chlorophyll content
increases, it seemed likely that re-
flectance of certain wavelengths from
a leaf surface might be sufficiently well
correlated with the chlorophyll content
to serve as an estimate of that content.
Reflectance measurements of leaves
have been reported (/), and a general
relationship has been recognized be-
tween the percentage of incident light
reflected and the chlorophyll and
carotenoid pigment concentrations (2).
Apparently no attempt has been made
to utilize this relationship to obtain
quantitative indications of changes oc-

curring in the chlorophyll content of

leaves.

The basic instrument used was a
colorimeter (Bausch and Lomb Spec-
tronic 20) equipped with a reflectance
attachment. It was soon established that
the least difference in reflectance from
the under surfaces of green and
chlorotic soybean leaves occurred at
wavelengths of about 665 and 465 my,
while the greatest difference occurred
at a wavelength of about 570 my.
These wavelengths occur in the regions
of maximum and minimum absorption
of chlorophyll and agree with the re-
sults cited by Gabrielsen (2). Since the
greatest difference in reflectance oc-
curred at 570 my, this wavelength
seemed to be the one to employ in de-
veloping a relationship between chloro-

phyll content and reflectance. It was
found, however, that a still greater
spread in reflectance from green and
chlorotic leaves could be obtained by
using a wavelength of 625 my and plac-
ing a filter with peak transmission at
that wavelength between the leaf and the
white magnesium carbonate reflecting
surface.

To establish quantitative relationships
between reflectance percentage and
chlorophyll content, reflectance was
measured for several hundred soybean
leaves exhibiting different degrees of
chlorosis induced by iron deficiency.
These leaves were then sorted into
groups. All leaves with reflectance read-
ings between 33 and 37 percent (aver-
age 35) were placed in one group,
those between 38 and 42 percent in the
next group, and so on. Replicate deter-
minations were made of the chlorophyll
content of each group, by the spectro-
photometric method described by the
Association of Official Agricultural
Chemists (3). The coefficient of vari-
ability of chlorophyll content within a
group was found to be 8 percent. The
results of these determinations (Fig. 1)
show a high inverse relationship be-
tween the logarithm of the reflectance

. percentage and the chlorophyll content

of the leaves within the range of con-
centrations studied.

To test the method on a different
type of leaf, Valencia orange leaves
were used. These leaves, exhibiting dif-
ferent degrees of chlorosis, regardless
of the cause, were collected at random
from local trees. The relationship be-
tween reflectance readings and chloro-
phyll content was found to hold about
as well for these leaves (see Fig. 1) as
for soybean leaves, except at the high-
er levels where the straight-line rela-
tionship no longer held.
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Fig. 1. Relationship between reflectance
and chlorophyll content of leaves.
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