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Comparison of estuarine detrital microbiota grown with and without light in
the absence of macroscopic grazing showed shifts in the community structure that
enabled correlation between various biochemical measures. Analysis of these
biochemical measures showed that growth in light induces the smallest increases
in procaryotic attributes such as muramic acid; wall glucosamine; lipid phosphate;
total extractable adenosine nucleotides; short-branched, cyclopropane, and cis-
vaccenic fatty acids; lipid glucose and mannose; the incorporation of acetate into
lipid; and the formation of deoxyribonucleic acid from thymidine. Measures of
the microfauna such as lipid inositol and the y-linolenic series of polyenoic fatty
acids also increased miniimally in the light-grown microbiota. Measures of sulfo-
lipid synthesis, lipid glycerol, total extractable palmitate, 18-carbon polyenoic
fatty acids, and total polyenoic fatty acids longer than 20 carbons increased 10- to
15-fold in algae and fungi. Chlorophyll a, lipid galactose, and the 16- and 20-
carbon polyenoic fatty acids characteristic of diatoms increased maximally in the
light. This increase of diatom measure correlated with the sheets of diatoms
detected by scanning electron microscopy.

Over the past few years it has proved feasible
to characterize the marine and estuarine benthic
and detrital microbial communities by a bio-
chemical analysis of their biomass, metabolic
activities, nutritional status, and community
structure. Procaryotic biomass has been esti-
mated by the muramic acid recovered from the
hydrolysates of the walls of bacteria and blue-
green algae (cyanobacteria) (6, 13, 15, 16). The
viable biomass has been estimated by the aden-
osine triphosphate (ATP) or, better, by the total
adenosine nucleotides (4). The membrane bio-
mass has been estimated by the extractable lipid
phosphate (26, 27, 29). Metabolic activities can
be measured by enzyme activities (26), hetero-
trophic activities (26, 32), and respiratory activ-
ities (26), as well as rate of lipid and deoxyribo-
nucleic acid (DNA) synthesis (24, 28). The nu-
tritional status of the procaryotic microbiota can
be estimated in the short term by the energy
charge and adenosine-to-ATP ratios (4) or in the
long term by the metabolism of poly-fi-hydrox-
ybutyrate (9, 20). Community structure can be
estimated from the analysis oflipids, particularly
from the fatty acids analyzed by capillary gas-
liquid chromatography (1, 2, 25). Validation of
the assignments of measures of particular com-
ponents of the microbial community comes from
a number of techniques. Isolation of component

monocultures from particular enviromnents
(with the assumption that the isolation and
growth procedures do not change the biochem-
ical composition) have been used (10, 11, 21, 25,
29). Analysis of mixed monocultures of known
proportions or manipulation of populations with
cultural conditions have been used and shown
to correspond with the changes in morphology
by scanning electron microscopy (1, 29).
The selective effects of grazers on the micro-

biota have been analyzed and compared both
with the gut and fecal analysis of the predator
and with changes in the morphology of the mi-
crobiota by scanning electron microscopy (18,
31).

In this study, the detrital microbial assembly
was manipulated by controlling the exposure to
light. Correlations between the degree of in-
crease in various biochemical measures in the
microbiota exposed to light and with the mor-
phology by scanning electron microscopy has
given further insight into the community struc-
ture of the detrital microbial assembly.

MATERIALS AND METHODS
Materials. Nanograde solvents (Burdick and Jack-

son, Muskegon, Mich.) and freshly distilled chloroform
(Mallinckrodt, St. Louis, Mo.) were used. Reagents
were purchased from Pierce Chemical Co. (Rockford,
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Ill.), Aldrich Chemical Co. (Milwaukee, Wis.), and
Sigma Chemical Co. (St. Louis, Mo.)

Standards. Lipid standards and chromatographic
supplies were acquired from Supelco, Inc. (Bellefonte,
Pa.) and Applied Science (State College, Pa.). Radio-
active reagents were supplied by New England Nu-
clear Corp. (Boston, Mass.).

Incubation of the samples. Teflon squares (5 cm
on each side and 2 mils [51 ,um] thick) were strung
with nylon fishing line in strings of 30 squares and
incubated in Apalachee Bay, Franklin County, Florida
(2905' N, 84°30'W) for 8 weeks in the summer of 1979.
The strings were then transported to the Florida State
University Marine Laboratory in a large vat with
oxygenated seawater. Four strands were then placed
in each of two 16-liter tanks through which seawater
was pumped at a rate of 400 ml/min (95% turnover
per day). The seawater conditions during the experi-
ment were salinity, 30%o; dissolved oxygen, 3.2 to 3.4
ppm; pH 7.5 to 7.7; and temperature, 26 to 29°C. One
tank was maintained in the dark by a black polyethyl-
ene plastic cover and the other received 4,150 lux from
a General Electric Grolite lamp on a 14-h-on, 10-h-off
photoperiod for 10 days.
Scanning electron microscopy. Teflon squares

were removed from the experiments and immediately
fixed in glutaraldehyde, critical point dried, coated,
and examined with the Cambridge Stereoscan S4-10
microscope (Cambridge Instrument Co., Ossining,
N.Y.) as described elsewhere (17). Estuarine water
filtered through a 0.45-,um filter (Millipore Corp.) was
substituted for the buffering solution.

Lipid extraction. The analytical scheme illus-
trated in Fig. 1 was used for a portion of the Teflon
squares. The cellular lipids were extracted in the dark
with a modified Bligh and Dyer method (30); the
chloroform was recovered and filtered to remove wa-
ter. Two samples were removed, with one being ana-
lyzed for lipid phosphate and the remaining one stored
in the dark for subsequent chlorophyll analysis. The
remaining chloroform fraction was dried under nitro-
gen and hydrolyzed in 1 N HCI for 3 h at 100°C and
partitioned against water and chloroform, and the
aqueous phase was used for the determination of glyc-
erol and neutral carbohydrates. The organic phase
was dried in a stream of nitrogen and subjected to
mild acid methanolysis (methanol-concentrated HCl-
chloroform, 10:1:1 [vol/vol/vol]) for 1 h at 100°C and
partitioned with water and chloroform, and the lipid-
containing chloroform phase was dried under nitrogen.

Thin-layer chromatography. After redissolving
the lipid in chloroform, the lipids were applied to a
250-pm thin-layer silica gel plate (Whatman K6, 40A
[4 nm]) and fractionated with a solvent of petroleum
ether, ethyl ether, and acetic acid (80:20:1, vol/vol/
vol). The band containing the fatty acid methyl esters
(Rf 5.5 to 6.5) was collected, eluted with chloroform,
and dried under nitrogen.

Unsaturated fatty acid methyl esters were sepa-
rated by argentation thin-layer chromatography. An
AgNO3 gradient was prepared on the thin-layer silica
gel plates described above by development in AgNOa-
ethanol-water (10:70:30, wt/vol/vol) in the dark. The
argentated plates were activated at 100°C for 15 min
before use. The fatty acid methyl esters were sepa-
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FIG. 1. Diagram of the analytical scheme for de-
termination of the biomass, activity, and community
structure.

rated into saturated esters (Rf 0.75 to 0.66), monoenoic
esters (Rf 0.64 to 0.54), dienoic esters (Rf 0.52 to 0.38),
trienoic esters (Rf 0.36 to 0.20), and higher unsatura-
tion (Rf < 0.20) by one-dimensional chromatography
in heptane-diethyl ether-methanol (90:10:1, vol/vol/
vol). Recoveries of authentic 18:1, 18:2, and 18:3 fatty
acid methyl esters from the bands of the silver nitrate-
impregnated plates averaged 72.7 ± 1.7%.

After redissolving in hexane, the fatty acid methyl
esters were separated by gas-liquid chromatography
with mass spectral analysis.
Gas chromatography. The fatty acid methyl es-

ters to which a methyl nonadecanoate internal stan-
dard had been added were separated on a 50-m glass
open tubular capillary column coated with Silar 10C
(Applied Science Laboratories, State College, Pa.) by
using the Varian 3700 gas chromatograph fitted with
an autosampler under the conditions described by
Bobbie and White (1). A sample of the separation is
shown in Fig. 2.
Mass spectrometry. Gas chromatography-mass

spectrometry was performed with a Hewlett Packard
5995 instrument with an identical capillary column
under similar conditions as described elsewhere (1).

Glycerol and lipid carbohydrates. The glycerol
and neutral carbohydrates were derived from the lipids
recovered in the aqueous portion of the initial acid
hydrolysis (Fig. 1). This aqueous portion was taken to
dryness at reduced pressure by using a rotary evapo-
rator (Buchler Instruments, Fort Lee, N.J.). The re-
sidual acid was neutralized with 6% (wt/vol) NaHCO3,
followed by 0.5 ml of 0.047 M NaBH4 in 0.054 M
NaOH, and allowed to stand for 1 h at room temper-
ature. Excess borohydride was destroyed by dropwise
addition of 10% (wt/vol) acetic acid, and the sample
was added to a 2-g column of Dowex 50 in the H+ form
in a champagne column (Supelco, Inc., Bellefonte,
Pa.). Neutral carbohydrates were eluted with 5 ml of
water. The remaining borate was removed by adding
methanol and evaporating in a stream of nitrogen at
40°C twice. The injection standard, 1,9-nonanediol,
was added, and the sugars were peracetylated with
acetic anhydride-pyridine (1:1, vol/vol) at 55°C for 60
min. The solvent was carefully removed in a stream of
nitrogen; the derivatized carbohydrate was dissolved
in chloroform and partitioned twice with 20% (wt/vol)
aqueous tartaric acid. The chloroform was recovered
and evaporated to dryness under N2, and the samples
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FIG. 2. Capillary gas chromatographic separation of the fatty acid methyl esters on a 50-m Silar lOC
column with the flame ionization detector at a sensitivity of 16 x 10-12 A/mV with a splitless injection with
0.5-min venting at 42°C with a temperature increase at 2°C/min to 162°C, isothermal at 162°C for 30 min,
followed by a linear increase at 1 °C/min to 192°C, which was maintained until all components were eluted.
The helium carrier gas flow was 1 ml/min at 16 lb/in2. Peaks: 1 = 14:0; 2 = i15:0; 3 = a15:0; 4 = 15:0; 5 =

16:0; 6 = 16:1w7; 7 = 16:2w7; 8 = 16:2w4; 9 = 18:0; 10 = 16:3w4; 11 = 18:1W9; 12 = 18:1W7; 13 = 19:0; 14 =
18:2w6; 15 = 18:3w6; 16 = 20:0; 17 = 18:3w3; 18 = 18:4w3; 19 = 20:3w6; 20 = 22:0; 21 = 20:4w6; 22 = 20:5w3; 23
= 24:0; 24 = 22:4X6; 25 = 22:5w3; 26 = 22:6w3.

were redissolved in tetrahydrofuran. The derivatized
carbohydrates were separated on a 25-m open tubular
glass capillary coated with Silar 10C as illustrated in
Fig. 3.
Flame ionization detection response factors relative

to 1,9-nonanediol and total recovery (x ± standard
deviation, n = 5) for glycerol, rhamnose, fucose, ribose,
arabinose, xylose, mannose, galactose, glucose, and
inositol were 0.5, 74 ± 9.7%; 0.8, 94 ± 8.7%; 0.98, 70 ±
7.2%; 0.83, 73 16.6%; 0.83, 80 ± 11.6%; 0.72, 75 ±

5.9%; 0.83, 88 13%; 0.85, 77 ± 11%; 0.77, 91 ± 16.4%;
0.8, 110 ± 5.5%.

Lipid phosphate. A sample of the lipid from the
chloroform fraction of the Bligh-Dyer was digested in
23% (vol/vol) perchloric acid for 2 h at 200°C, and the
phosphate was determined colorimetrically (30).

Chlorophyll a. A separate sample of the lipid

carefully protected from light was dried in a stream of
nitrogen and dissolved in acetone-water (9:1, vol/vol)
containing magnesium carbonate, and the absorbance
between 400 and 800 nm was determined with a Gilford
2400-S recording spectrophotometer in 1-cm path
length cuvettes. Chlorophyll a concentration was cal-
culated by using a millimolar extinction coefficient of
13.4/cm at 660 nm.

Muramic acid and glucosamine. The Teflon
squares after lipid extraction (Fig. 1) were refluxed in
6 M HCI for 4.5 h. The bound lipids were extracted
after partitioning in chloroform-water (1:1, vol/vol).
The remaining aqueous phase was neutralized to pH
6.5 with 0.02 M NaOH. This enabled interfering humic
acids to be removed by centrifugation. The resulting
supernatant was eluted through a Dowex 50 (H')
cation ion-exchange minicolumn, and the muramic
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FIG. 3. Capillary gas chromatographic separation of the peracetylated neutral carbohydrates on a 25-m

Silar 1OC column with the flame ionization detector at a sensitivity of8 x 1011 A/mVwith a splitless injection
with 1-min venting at 45°C, with an increase to 100°C at 5°C/min, then an increase to 190°C at 2°C/min
with an isothermal run to the end of the program. The helium carrier gas flow was 1.35 ml/min at 12 Ib/in2.

acid was analyzed as a peracetylated aldonitrile by
gas-liquid chromatography (6) as modified by Findlay
et al. (R. H. Findlay, R. V. Davis and D. C. White,
Abstr. Annu. Meet. Am. Soc. Microbiol., 1981, I21, p.
90).
Adenosine nucleotides. The adenosine nucleo-

tides were recovered quantitatively from the aqueous
phase of the Bligh-Dyer extraction (Fig. 1). After
lyophilization and subsequent reaction with chloro-
acetaldehyde, the 1-N6-ethenoadenosine nucleotides
were separated with a phosphate buffer gradient by
high-pressure liquid chromatography and assayed by
fluorescence as described elsewhere (4).

Radioactive incorporation. At the termination
of the incubation, 20 square samples were placed in
illuminated or darkened (foil-covered) 2-liter jars con-
taining 400 ml of seawater that had been filtered
through 0.22-,um Millipore filters. After the addition of
either 400 ,uCi of [methyl-3H]thymidine (120 Ci/
mmol), 80,Ci of sodium [1-_4C]acetate (45 to 60 mCi/
mmol), or 160 ,uCi of H2'SO4 (43 Ci/mg), the samples
were incubated for 4 h. The lipids containing '4C and
3S were extracted, evaporated to dryness, and dis-
solved in toluene containing 9.28 mM 2,5-bis-(2-(5-
tert-butylbenzoxazolyl))-thiophene. The incorpora-
tion of [methyl-3H]thymidine into DNA was deter-
mined after mild alkaline extraction and the purifica-

tion procedure of Tobin and Anthony (24). Radioac-
tivity was measured with a Packard 2400-S liquid
spectrometer (Packard Instrument Co., Downers
Grove, Ill.).

RESULTS
Morphology of the detrital microbiota.

Incubation of the detrital microbiota with light
in the absence ofmacroscopic grazers stimulated
the growth of diatoms (Fig. 4A and B). The dark
control showed a sparse community dominated
by bacterial microcolonies and thin filaments
(Fig. 4C and D).
The morphological differences illustrated in

Fig. 4 are reflected in biochemical measures of
microbial biomass (Table 1). Neither muramic
acid, a component of the cell wall of procaryotic
bacteria and blue-green algae, nor glucosamine,
a component of both the procaryotic cell wall
and the chitin walls of microeucaryotes, showed
a significant increase in the detrital microbes
exposed to light. Lipid phosphate, however, as a
measure ofthe phospholipids which are confined
to membranes (14, 30), was twofold greater in
the light.
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FIG. 4. Scanning electron micrographs of the estuarine detrital microbiota after 10 days of incubation in
the light (A and B) or in the dark (C and D). Magnification of the left-hand column was 153x (A and C) and
that of the right-hand column was 1,530x (B and D). Left-hand bar represents 100 tan; right-hand bar
represents 10 pm.

The total extractable adenine nucleotides, a
better measure of the microbial biomass than
ATP (4), were twofold higher in the light. The
lipid glycerol, a rough measure of the eucaryotic
endogenous storage material triglyceride, was
15-fold greater, as was the ubiquitous lipid fatty
acid palmitic acid. In the estuarine detrital mi-
crobiota, the triglyceride glycerol averages be-
tween 45 and 100% of the total lipid glycerol (M.
J. Gehron and D. C. White, Abstr. Annu. Meet.
Am. Soc. Microbiol., 1981, Q134, p. 222). The
chlorophyll a was 100-fold greater in the light.
Microbial metabolic activities induced by

light. The metabolic activities induced by light
showed a twofold stimulation of thymidine in-
corporation into DNA (Table 2). Total lipid
synthesis, measured as the incorporation of
[I4C]acetate into lipids, and the synthesis of sul-
pholipids were significantly greater in the light.
Ratios of total lipid to sulpholipid or DNA syn-
thesis to sulpholipid synthesis were not signifi-
cantly different.

Effect of light on the community struc-

ture of the detrital microbes. The total fatty
acids of the microbes, with the exception of the
cyclopropane fatty acids typical of stressed bac-
teria (1), showed striking changes (Table 3). The
short iso and anteiso branched saturated fatty
acids (a + i 15:0) and the cis-vaccenic acid (18:
1X7) that are concentrated in bacteria increased
only twofold in the microbiota incubated in the
light (Table 3). The polyenoic fatty acids, par-
ticularly those associated with diatom monocul-
tures, 16:2w4, 16:3A4, and 20:5X3, increased 30-
to 137-fold in the light. The 18-carbon fatty acids
which are not found in high concentrations in
diatoms (25) increased 2- to 26-fold in the micro-
biota incubated in the light.
The proportions of some of the fatty acids

relative to the total lipid (measured as 16:0) or
the phospholipid (measured as lipid phosphate)
showed differences between the communities
grown in the light and dark (Table 4). The most
striking increases in the light-grown communi-
ties are in the proportions of 16:2A4, 16:3X4, and
20:5X3 relative to either the total lipid or the
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phospholipid. These fatty acids are characteris-
tic of diatoms when diatoms are examined in
monoculture. Fatty acids characteristic of bac-
teria such as a + i 15:0, A17:0, A19:0, and 18:1w7,
when compared as ratios of the total bacterial
community (measured as 15:0), the total lipid
from the whole community (measured as 16:0),
the portion of the bacterial and eucaryotic com-

munity that contains oleic acid (measured as 18:
1w9), or the total phospholipid (measured as the
lipid phosphate), showed very little change be-
tween light and dark (0.1- to 1.5-fold change).
The proportions of the sum of all the 18-carbon
fatty acids, 20:446, 22:5w3, and 22:6X3, showed
a slightly larger increase in the light than did
the bacterial fatty acids. The proportions of the
rest of the fatty acids showed a slightly greater
increase in the light-grown community than
either these or the bacterial fatty acids.
lipid neutral carbohydrates. The lipid-de-

rived carbohydrates showed significant changes
induced by incubation in the light (Table 5). All
of the components with the exception of A, F, 0,

glucose, and inositol were enriched in the lipids
from the light-incubated microbiota. Particu-
larly striking was the increase in carbohydrate
H and galactose.
trans-Fatty acids. To refine the analysis of

TABLE 1. Effect of light on the detrital microbial
biomass
Microbial biomass Ratio

Measure (nmol/square) (light/

Light Dark dark)

Lipid phosphate 63 (13)a 27 (5)***b 2.3
Muramic acid 3.7 (1.4) 2.3 (1.4) 1.6
Wall glucosamine 32 (11) 21 (7) 1.5
Total adenylate 0.93 (0.17) 0.38 (0.11)*** 2.4
Lipid glycerol 12 (4.6) 0.8 (0.3)*** 15.1
Lipid palmitate 106 (21) 6.8 (0.5)*** 15.7
Chlorophyll a 2.2 (0.22) 0.024 (0.006) 92.5

a X (standard deviation), four samples per entry, on a 25-
cm2 Teflon square incubated for 2 weeks.

, , and * indicate statistically significant differences
between the means at the 0.1, 0.05, and 0.01 levels by analysis
of variance.

TABLE 2. Effect of light on detrital metabolic
activity

Microbial metabolic activity Ratio

Measure (cpm/square per 4 h) (light/
Light Dark dark)

3H into DNA 2,160 (392)a 1,100 (227)***b 1.9
"C into lipid' 509 (70) 207 (33)*** 2.5
35S into lipid 714 (670) 134 (98)"" 5.3

aSee footnote a, Table 1.
See footnote b, Table 1.

'Counts per minute x 103.

TABLE 3. Effect of light on the fatty acid
composition of the estuarine detrital microbiota

Amt (nmol/square) Ratio
Fatty acid (light/

Light Dark dark)

a + i 15:0 3.83 (0.86)" 1.1 (0.21)***c 3.5
A(17:0 + 19:0) 0.18 (0.07) 0.13 (0.05) 1.4
18:1X7 9.45 (1.82) 4.61 (0.72)*** 2.0
16:1M 7 111.0 (32.7) 3.45 (0.51)*** 32.2
16:207 5.34 (2.3) 0.19 (0.03)*** 28.1
16:2A4 13.9 (4.4) 0.39 (0.04)*** 35.6
16:3A4 31.4 (13) 0.23 (0.08)*** 137.0
18:2A6 7.28 (3.63) 0.4 (0.05)*** 18.2
18:0,1,2,3,4d 35.8 (13.3) 7.02 (0.74) 5.1
18:3X3 2.33 (1.37) 0.09 (0.07)** 26.0
18:403 5.73 (3.32) 0.22 (0.06)** 26.0
20:503 47.4 (24.1) 1.05 (0.22)*** 45.0
20:4w6 18.0 (9.2) 1.16 (0.26)** 16.0
22:503 0.39 (0.19) 0.10 (0.03)** 4.0
22:6&3 1.68 (0.95) 0.37 (0.11)** 4.5
Total polyenoics 68.0 (33) 2.98 (0.63) ** 22.8
> 20'

Polyenoic w6/13 0.43 (0.06) 0.87 (0.06) * * * 0.57

"Fatty acids are designated as a or i for anteiso or iso
branched, A for cyclopropane; number of carbon atoms: num-
ber of double bonds, position of the unsaturation closest to
the c end, separated as illustrated in Fig. 2.

b (standard deviation), four samples per entry.
c Significance as in Table 1.
d Total octadecanoic fatty acids with 0, 1, 2, 3, and 4 double

bonds.
e Total polyenoic fatty acids = the sum of 20:3w6, 20:5X3,

20:4w6, 22:4u6, 22:503, and 22:6&3.

the fatty acids derived from the microbiota a
separation by silver nitrate-impregnated thin-
layer plates before gas-liquid chromatographic
analysis was performed. The monoenoic fatty
ester band was recovered and examined for
trans-monoenoic fatty acids which have recently
been found in some marine bacteria (21). With
authentic 16:1M7 cis and trans and 18:1w9 cis
and trans as markers with an isothermal analy-
sis, no significant trans-fatty acids were detected
in the lipids of detritus from light- or dark-ex-
posed microbial communities. The 16:1W13
(trans) from the phosphatidylglycerol of the
photosystem II (8) apparently overlapped an-
other component, since it was not detectable by
gas chromatography-mass spectroscopy.

DISCUSSION
Relationships between measures of mi-

crobial biomass. The effect of light on the
detrital microbiota includes increases in the mi-
crobial biomass markers of Tables 1 and 2 to
three distinct degrees. Light increases lipid phos-
phate, muramic acid, wall glucosamine, and total
extractable adenylate 1- to 3-fold, lipid glycerol
and total palmitate 15-fold, and chlorophyll a
92-fold. This distinction between the biomass
measures is even more readily detectable if the
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TABLE 4. Effect of light on the community structure of the estuarine detrital microbiota measured as ratios
offatty acids to total palmitate and lipid phosphate

Ratio,fatty
Ratio, fatty

Fatty acid ratios Light Dark acid to 16:0, phosphate,
lightdarka light/dark'

a + i 15:0/15:0 1.09 (0.08)d 1.88 (0.31)***e 0.6
a + i 15:0/16:0 0.04 (0.009) 0.16 (0.03)*** 0.25 1.49
A(17:0 + 19:0)/16:0 0.002 (0.002) 0.02 (0.007)*** 0.1 0.58
18:1h7/16:0 0.09 (0.006) 0.69 (0.13)*** 0.13 0.88
18:107/18:1w9 1.54 (0.11) 2.99 (0.31)*** 0.52
16:107/16:0 1.05 (0.14) 0.51 (0.07)*** 2.1 12.8
16:2w7/16:0 0.05 (0.01) 0.03 (0.01)*** 1.7 12.2
16:2w4/16:0 0.13 (0.02) 0.06 (0.01)*** 2.2 15.7
16:3w4/16:0 0.29 (0.08) 0.03 (0.01)*** 9.0 47.1
18:2w6,/16:0 0.07 (0.02) 0.06 (0.007) 1.2 7.8
18:0,1,2,3,4/16:Of 0.37 (0.06) 1.32 (0.15)*** 0.28 2.19
18:3w3/16:0 0.02 (0.01) 0.01 (0.01)* 1.5 11.2
18:4w3/16:0 0.05 (0.02) 0.03 (0.01)** 1.7 11.2
20:5w3/16:0 0.43 (0.17) 0.16 (0.04)*** 2.7 18.9
20:4w6/16:0 0.16 (0.07) 0.17 (0.05) 0.9 6.7
22:5w3/16:0 0.003 (0.002) 0.015 (0.006)*** 0.2 1.6
22:6w3/16:0 0.02 (0.01) 0.06 (0.02)*** 0.3 1.9
Total polyenoics> 209/16:0 0.62 (0.24) 0.41 (0.11)* 1.5 9.8

a Ratio of the ratio of nanomoles of fatty acid per square to the total 16:0 in the light (106 nmol/square)
versus the ratio of nanomoles of fatty acid per square to the total 16:0 in the dark (6.8 nmol/square).

b Ratio of the ratio of nanomoles of fatty acid per square to the extractable lipid phosphate in the light (63
nmol/square) versus the ratio of nanomoles of fatty acid per square of the total extractable lipid phosphate in
the dark (27 nmol/square).

' Fatty acids are designated as a or i for anteiso or iso branched and A for cyclopropane; number of carbon
atoms: number of double bonds, position of the unsaturation closest to the w end separated as illustrated in Fig.
2.

d X (standard deviation), four samples per entry.
e Significance as in Table 1.
f Ratio of total octadecanoic fatty acids with 0, 1, 2, 3, and 4 double bonds.
g Total polyenoic fatty acids = the sum of 20:3w6, 20:5X3, 20:4w6, 22:4w6, 22:503, and 22:6w3.

TABLE 5. Effect of light on the carbohydrates
recovered after acid hydrolysis of the lipids

extracted from the detrital microbiota
Amt (nmol/square) Ratio,

Component light/
Light Dark dark

Aa 0.19 (0.11)b 0.07 (0.03) 2.7
B 0.15 (0.13) 0.00 (0.0)
E 0.74 (0.51) 0.00 (0.0)
F 0.11 (0.007) 0.21 (0.15) 0.5
G 0.95 (0.68) 0.00 (0.0)
H 2.23 (0.28) 0.04 (0.00)**C 55.0
K 0.53 (0.46) 0.00 (0.0)
N 0.39 (0.62) 0.24 (0.00)** 1.6
Mannose 0.43 (0.44) 0.11 (0.02)* 3.9
Galactose 13.5 (6.1) 0.00 (0.0)***
O 0.05 (0.03) 0.05 (0.001) 1.0
Glucose 0.57 (0.26) 0.82 (0.38) 0.69
Inositol 0.1 (0.04) 0.1 (0.04) 1.0
a Letters refer to the components with elution vol-

umes indicated in Fig. 3.
bXi (standard deviation), four points per entry.
'Statistical significance as in Table 1.

effects of light on the ratios of biomass measures
are used. This is illustrated by the data in Table
6.
Relationships between microbial bio-

mass and community structure. The fatty
acids derived from lipid extractions of the detri-
tal microbiota can be used to indicate changes
in microbial community structure (1). Exami-
nation of the effect of light on the changes in the
concentrations of fatty acids is given in Table 3.
Again three distinct degrees of increases are
detected: 1- to 5-fold for a + i 15:0, A17:0 + A19:
0, 18:1X7, 22:5X3, 22:6X3 and the 18-carbon fatty
acids; 137-fold for 16:3w4; and 16- to 35-fold for
the rest. Comparing the effect of light on the
increases in the ratios of fatty acids to 16:0 and
to lipid phosphate shows the three categories of
changes induced by light more clearly (Table 4).
With the analyses of the effects of light on the

microbial community structure, three general
communities with different responses to light
can be suggested (Table 7).
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(i) Smallest increases. The procaryotes
measured by the unique cell wall component
muramic acid (6, 13) increase least. Correspond-
ing to this increase is the lipid phosphate and
the total adenosine nucleotides. Both the phos-
pholipid and in most cases total adenosine nu-
cleotides per gram (dry weight) are highest in
bacteria among microbes (4, 26, 30). Glucosa-
mine is part of the muramyl peptide and is also
found in microeucaryotic chitin walls. The chitin
walls do not hydrolyze under the conditions of
this analysis. Short-branched cyclopropane and
cis-vaccenic acids are characteristic particularly
of the various components of the procaryotes
(1, 21). Thymidine incorporation into DNA
amongst the microbes is a procaryotic activity,
as macroeucaryotes lack the salvage pathway
(24, 29). Lipid carbohydrates rich in glucose and
mannose are enriched in bacteria (23).

Polyenoic fatty acids and phosphatidylinositol
are characteristic ofmicroeucaryotes (5, 12). The
microfauna, such as nematodes, from this area
are enriched in 18:0, 20:4w6 and 22:5X3 (R. J.
Bobbie, Ph.D. thesis, Florida State University,

TABLE 6. Comparison of ratios of biomass
measures of the detrital microbiota between light

and dark
Light/dark ratio of component to:

Component Palmi- Lipid Lipid Chloro-Cttate phos- glyc- phyll a
phate erol

Lipid phosphate 0.15 0.26 0.025
Muramic acid 0.07 0.67 0.11 0.017
Wal glucosamine 0.10 0.65 0.11 0.017
Total adenylate 0.15 1.05 0.17 0.026
Lipid glycerol 0.92 6.12 0.15
Lipid palmitate 6.72 1.07 0.17
ChlorophyU a 6.0 38.6 6.31

Tallahassee, 1980).
(ii) Intermediate increase. At least half the

total lipid glycerol as measured after mild acid
methanolysis represents the triglyceride. Glyc-
erol phosphate is not hydrolyzed under these
conditions (Gehron and White, Abstr. Annu.
Meet. Am. Soc. Microbiol., 1981, Q134, p. 222).
Palmnitate is a ubiquitous fatty acid found in
large amounts in almost all microbes (12). It is
a measure of the total lipid which includes the
neutral lipids. Neutral lipids are generally not
found to any great extent in the eubacteria.
Linoleic acid (18:2o6) is found in fungi, flexibac-
teria, and algae (5, 12). Eucaryotic algae contain
18:3w3, 18:4X3 and a high level of sulpholipid in
the photosynthetic apparatus (7, 19). Micro-
cosms in which microeucaryotes were stimulated
were enriched in polyenoic fatty acids longer
than 20 carbons and in the rate of 35S incorpo-
rated into sulpholipids (29), suggesting these
measures correlate with microeucaryote activi-
ties.

(iii) Largest increase. Largest increases in
the biochemical measures induced by light are

characteristic of the diatoms, which are clearly
visible in the scanning electron micrographs
(Fig. 4). Diatoms contain chlorophyll a and lipid
galactose in the monogalactosyl diglyceride of
photosystem II (22) as reflected in the analysis.
Diatoms do not contain significant amounts of
18-carbon fatty acids but are particularly en-

riched in 16-carbon polyenoics, especially
16:3X4, and 20:5X3 fatty acids (3, 25).
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