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HETEROTROPHIC BACTERIAL UPTAKE ON GLUCOSE AND
GLYCOLLATE IN AN EUTBOPHIC POND (CHASCOMUS,
ARGENTINA)

M. Cristina ROMERO and Aldo A. MARIAZZI

RESUMEN: Consumo bacteriano heterotrofico sobre glucosa y glicolato en una lagina
eutréfica (Chascomils, Argentina).

El presente trabajo se realizd en la Laguna de Chascomis (Prov. Bs, As., Argentma),
cuerpo eutrdfico, poco ‘profundo, de gran productividad y capacidad blogenet:ca La
‘metodologia aplicada fue Ia propuesta por Wright & Hobbie (1965), efectuindose las
correcciones por la tasa d¢ expiracion de CO, (Hobbie & Crawford, 1969).
= Los pardmetros cmeticos del consumo de glicolato muestran una marcada fluctua-

.cién estacional y con la’ producuvxdad Vmax ¥ K¢ + Sp se incrementaron durante el
verano en superficxe (12,8 pgl-'.h~! y 588 ug.l~} respectivamente), y disminuyen en la
miuestra cercana al fondo en invierno, hasta valores no detectables con esta metodologia.
El Ty aumentd en agosto a 76 hs. Estos pardmetros, para glucosa, no variaron ni esta-.
cional ni verticalmente tanto como los del glicolato; siendo sus valores maéximos: 5,6
"3{5 Yh ' (Vmax); 49,5 ugl™! (K¢ + Sp) ¥ 57,27 hs. (Ty) durante enero-febrero de
1

. Las elevadas tasas de consumo, asimilacion y-excrecion-halladas durante [a’ pnmave-

ra y el.verano, son producto de la presencia de una comumdad bacteriana heterotrofica
“adaptada’ a consumir los productos de excrecién. El mdximo porcentaje de mineraliza-
cidén observado, para el glicolato (85%) fue hallado en superficie durante enefo de 1986;
por ¢l contrario el porcentaje de excrecién de '*CO, proveniente de la glucosa no su-
perd el 36% en igual época del afio, siendo por lo tanto su rendimiento mucho mayor.

INTRODUCTION

The excretion of organic matter by phytoplankton plays-an important
role in the nutrition of heterotrophic bacterial commuinities. Glycolic
acid is the main extracellular product (Fogg, 1966; Watt, 1966; Tanaka
et'al, 1974; Wright, 1970), bemg carbon and energy “sources: for aquatie
bacteria. Heterotrophic organisms consume a great variety of other
compounds of low molecular weight (glucgse, acetate, lactate, galactose,_
aminoacids).

~The present paper attempts to understand and evaluate the ‘trophic
importance of glycollate and glucose, as mechamsms involved in- the
nutritional interrelation between phytoplankton and bacteria. Glucose
uptake allows us to know the relevance of the heterotrophic potential
of bacterial communities.

Chascomus pond

Chascomiis pond belongs to the Salado River Basin, Bs. As. Provmce
forming the linked Ponds System of - Chascomﬁs lbcated in a geomor-
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TABLEI

Geomorphological, physical, chemical and primary production values of

Chascomis Pond.

Geomorphological characteristics (Dangaus, 1976).
Area 30129 Ha
Volume 47.015.317 m®
Max.depth 19m
Mean depth 1,53 m
Length of shoreline 28,12 km

Chemical and primary production values (Conzonno & Fernandez Cirelli, 1985)

X
pH 8,72
Conductivity umho/cm (20°C) 756.
mg Na*/1 1549
mg K*/l 12,1
mg Ca?*/1 222
mg Mg?*/l’ 13,1
C€0; mg/1 20,3
C-CO;H™ mg/l 2642
mg Cl/1 1144
mg SO; 7/1 56,3
4g NNH/1 107
ug N-NO3/1 32
ug N-NO3/1 14
ug PPO3 /1 3
u P total/l 259
Dissolved oxygen mg/1 924
Seston mg/1 1052
POC mg/l 79
Chlorophyll-a ug/1 52
Pheopigments ug/1 258
Gross primary production mg O,/m? h 728 -
Si-Si0, mg/1 59.

Results obtained by the authors (period 1985-1986)
pH 8,768,16
Temperature °C 23585
Secchi Disch cm 0,15
Dissolved oxygen mg O, /1 159522
Gross primary production 192254695
mg O, / m3 h
Chlorophyll-a ug/l 49,61-16,01
Heterotrophic viable bacteria 49.000-13.000
bact/ml

Glycollate (+) bacteria/ml 1.700-130
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phological unit called “Pampa deprimida’, where various limnological
area can be recognized (Ringuelet, 1968). It is a shallow eutrophic pond,
at its highest productive and biogenetical capacity stage, and with wide
platform. Water colour varied from yellowish to brown, owed to-the
presence of humic substances and little transparency. WIth abundant
inorganic' nitrogen, phosphorus ‘and carbon plus many other nutrients,
and pH higher than 7. It should be remarked the great quantity of sus-
pended particulate matter, mainly colloidal clays of 0,5 um diameter
and conspicuous litoral hydrophites.

Table I gives geomorphological, physical, chemical and bio]ogical
parameters taken from Conzonno & Fernandez Cirelli (1985, in press),
Dangaus (1976) and those obtained by us.

MATERIAL AND METHODS

Monthly samples at different levels (0,5: Im; and 0,5 m from bottom)
were taken from a central station of the pond free from rooted vegeta-
tion. Heterotrophic bacterial activity was measured by means of kinetic
parameters on '4C glucose and '*C glycollate (Amersham Radiochemical
Centre), D - (U - MC specific activity glucose 279 m Ci/m mol,’and 1 -
14C sodium g,lycollate specific activity 5,0 m Ci/m mol.

Kinetic parameters for the maximum velocity (Vyax), the transport
constant and natural substrate concentration (K; + S,) and the turnover
time (T;) were calculed from the equations reported by Wright & Hobbie
(1965). Respiration corrections to uptake, for-expiration of *CO, were
done according to Hobbie & Crowford (1969)

Evaluatjon technique for mineralization rate consisted in the incuba-
tion of a 5 ml sample in erlenmeyers of 250 ml, to which different sus-
trat concentratlons were added (Table lI) A piece of Whatman paper

n° 1, soaked in 0.2 ml hyamine hydroxide (Beckman), was suspended
.Wlth an adequate support from a rubber stopper. Once incubation time
was over, 1-1,5 hs., 0,2 ml of SO,H, 2N were injected through a needle
hanging from the stoppér. The samples were fixed and acidificated, and

TABLE'Il
Experimental substrates solutions

_ug Glycollate/25 ml - pg Glycoli 1 pgGlucose/25 ml  pg Gluc/I1

- Concentration 1 3 120 1,0 40.
2 4 160 1,8 72
3 5 200 2,6 104
4 6 240 34 136
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TABLE HI
Experimental results
May 1985 June
Depth Sur  Sur Mid Bottom
Substrate | gl | g gi | gl gli - glu gli glu
V’ﬁmx ) . ol ' ‘
e 430 1,80 370 | 095 085 | o8s-| 026 | 050
Ke+Sn | 167 | 243 | 1590 3,8 | 179 4,8 19 | 10
ngfl ' « ‘A
;f: 39,0 | 135 435 | a1 |210 5.6 1,5 2,0
Vmax k '
K 782|217 607 | 125| 142 | 106 044 | 062
Ly Sno ) 3036 | 293 |2606 | 50 |208 | 59 | 33 | 12
nt 709 | 163 | 723 54 1310 | 10 | 127 | 25
pirated | 45 | 12 39 24 |40 20 |41 19
" July - ) August:
Sur Mid " Bottom - Sur Mid - Bottom
gl g | gl g | gli| g | g | gl | gl glu | g | g
s30] o70] 098] o055] 025 035| 9,70] 1,65| 1,34 | 043 | 086] 0.28
2809 | 13 {182 | 16| 24] 1.6 | 737 |38 | 34 | 30 |151 | 27
528 | 18 |186 | 29 | 96| 45| 760 |23 | 25 | 69 176 | 96
914] 082 1,92| 066].039 042] 2620 204 | 223 | 053 | 1,556] 034]
4843 | 15 |358 | 19 | 38| 1,9 | 1992 | 47 | 56 | 37 [275 |33
910 | 21 {365 | .35 | 150 54 | 1054 | 28 | 42 | 86 [320 lire
42 15 |49 |17 |36 |ie 63 |19 |40 |19 |45 |17

ECOSUR, Argentina, 12/13 (23/24): 111-121: (1985/86)




M. C. ROMERO & A. A. MARIAZZ], Bacterial uptake in eutrophic pond
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September L - »?Deoember
Sur - " Mid Bottom | Sur . Mid Bottom'
oi | g | g | smfen| gw | g | ew | g | g | o fem
[ 1070] 285| 20| 1,53 -| 1.75 | 1050] i75| s30 | 186 | 085|150
350,5 [176 | 223 | 49| -] 7.5 | 4695 {386 | 799 257 | 49,3 263 '
760 | 62 | 101 |32]-{43 | 447|221 | 151 [138 | 580 175
669 | 3.9 | 100 ] 20 -J24 | 456 | 25| 22 |25 | 28} 22}
21900 [244 | 1014 [ 65| 104 |20410 | 559 | 3196 [347 1643 | 393
2047 | 86 | 461 | 43 ] <] 59 | 1944 {320 | 603 |186 ]1933 |26
84 |28 | 78 f2s |-|8 |77 f; [ 15 f26 |70 |33
_January 1986 - February - '

S'u‘r; Mid- | Bottom Sur 1 mia Bé&oﬁ;; |
g | g | i | ewfeusw | s |gw | g | g | g | gw |
12,80f s60| 650| 3,80 - 090] 1050 6,80 | 415 | 280 | 0,50 | 0,44
588.0 [49,5 | 830 [4sa[-J208 | 4595 [367 | 137 |373 | 46 [252
as9 | 88| 128 |mef-fosa | 438 sa | 178 | 98 |93 [513
853 | 87 | 464 | sa|-| 13| 4s6| 89 | 138 |35 |17 05
39200 | 773 | 592.9 |604 ] —[289 | 19978 483 |2457 |341 [155 |304
3063 (138 | 912 {159 | ~[3r9 [ 1459 | 71 | s9.2 1122 310 [6990
8s | 36 86 |25 [ |28 77 24 | 00 |20 [0 17

April May R ;,

Sur Mid Bottom | . Suw | ' Mid Bottom .
gi | ogu| si | gu| g | gu | @i [ew | e |sw s |ae
70| 50| 08s| 280] 027] o3s| 240] 136 | 015 | 09s] - [ 105
226 |175 | 385 [143 s | 28 | s28 {56 |54 |43 |- |52
259 | 30 [4s3 | sa.| 58 | 80 ] 220 41 (360 [as [ - |49
18] 69 [ 17 [ 35| o6 o5 | 6o f1s fo2 f1a|-T12]
704 (216 | 755 | 177 | 33 | 35 | 1320 |67 | 83 |51 |- |87,
sa1 | 39 | 843 | 63 [121 J100 | 550 | 49 |ssa )53 b= |57
s2 |19 |49 |19 |52 |2 so f16 f3s fis -3}
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the liberate CO, was absorbed by the paper. Bottles were shaked and
then left at ambient temperature during 2 hs., afterwards the erlenmeyers
were opened, the paper placed in a, vial f111ed with toluene scintillating
solution (4 g 2,5-diphenyloxazole (PPO), 50 ml 1,4-2 (5)-phenyloxazolyl-
benzene (POPOP) in 1000 ml toluene.
" In order to obtain the value of assimilated sustrate, 25 mi aliquots
of sample were poured into bottles containing different concentrations
of labelled sustrate, covered with aluminium foil and. incubated together
with the erlenmeyers. Control of each substrates and concentration were
immediately fixed with SO,H, before incubation. At the end of this
period, they were filtered through a membrane of 0,2 um pore size, and
the filters placed in vials containing 10.ml of scmtlllatmg solution.-Cpm
were corrected for quench by an efficiency curve obtained by leaking dif-
ferent volumes of water from the pond. The uptaken substrate was found
adding the assimilated to the mineralized ‘or expired.- To correct for
adsorption on detritus, the activity of the-controls were subtracted. It is
specially important in this pond because of the great amount of sus-
pended particulate matter, for which reason high controls were obtained.
'.We worked with a probability error of less than 0,05:(P<0,05) disregard-
ing those experiences that showed higher error. Another carrection was
that performed on the observed efficiency of *CQ, freed from acidific
ated aqueous sample. A control experience was done by adding knowing
quantities of labelled bicarbonate with destilled and sterile water, and.
following the same process of the samples, to.evaluate possible sources of
error and loss of the liberate *CO,. Efficiency proved to be between
46-67%.

RESULTS AND DISCUSSION

Kinetics parameters of glycollate uptake -evidence a marked seasonal
fluctuation as well as with depth. Maximum theoretical velocity of as-
sumlatlon (Vmax-.as» table I1I) is increased durmg summer months with a
hlghest value of 12,8 ug.l~'.h~! in January 1986. The lowest value,-on
the surface, was observed during May (2,4 pg.1=* .h~!). Vertical variation
of this parameter is also important, detecting no assimilation in the sample
close to the bottom during September 1985, January and May 1986. On
the contrary, highest. assimilation rates were observed in the euphotic
zone.:

A similar seasonal and vertical variations was noticed for the affinity
constant and natural glycollate concentration (K; + .S,) with summer
increments on the surface and  decréase at the bottom during winter,
Turnover time (T, ,5) was longer in winter (July and August).

-We must remark that the value of kinetic parameters ‘observed at
Chascomis pond were different from the results other researchers had
verified using the same methodologies, in Lake Biwa (Tanaka et al, 1977)
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and in Gravel Pond (Wright, 1970) (Table IV). Only Wright, in Klamath
Lake observed a maximum theoretical velocity of glycollate assimilation -
of 2,45 ug1~* h™! (14 — 65 pg.1"'.day™") similar to ours. Photosynthetic
activity, geomorphological, physical chemical and biological characteris-
tics of this pond would explain these differences.

TABLE IV
Results obtained by other researchers

vmax T - K¢ +
ugl-'h-!? hsf ;Eg.l'sn

Tanaka, Nakanishi & Kadota (Lake Biwa, 1974) 0,510 540 275
Tanaka, Nakanishi & Kadota (Lake Biwa, 1975) v v

maximum values September 0,769 (7m) 1798 (sip) 290 (sup)

November 0,119(3m) 5443 (3m) 648(3m)

Wright (‘Gravel Pond, 1970) . T - ' )

maximum values : 0,830 (sup) 1300 (10m) 100 (sup)

Observed glucose parameters indicate not so marked seasonal variations,
with incréases in turnover time, assimilation velocity, assimilation con-
stant and natural glucose concentration during summer (Table 111, fig. 2).
\Kt + S, for glucose are lower than those for glycollate, therefore conclud-
ing that glycollate natural concentration or affinity constant of bacteria
for this compound ,is hlgher These variables fluctuates, for glucose bet-
ween 1,0 to 49,5 pg.l™!, similar to those found in PluBsee by Overbeck
(1975) (3,8-46, 9 mean 19,3 pg.I"!).

' Because of the seasonal increase of the affinity constant and natural

substrate concentration, the inverse relation between assimilation time

and velocity noted by us were not verified as it was when the technique

was applied in Rio III, Ramos Mexia and Pellegrini reservoirs, where

constant and concentration fluctuated around the mean value, withouth
a clear seasonal patterns.

Wright (1973) emphasises the problem of the competitive effects of
utilized substrates, pointing that glycollate and lactate share a common
enzimatic transport system either in natural populations or pure labora-
tory cultures. As a consequence, Kinetic parameters (K; + S,) and T, are
increased by any lactate present, while Vp,,x would be unaffected. On
the other hand, acetate shows as inhibition effect not competitive with
glycollate. Thls competitive inhibition between glycollate and lactate
metabolisms would explain the higher values of these parameters, and the
different results obtained by Mariazzi & Romero (1983).

When comparing the variable attained for eich substrate one deduces
the existence of a complex bacterial community frankly adapted to
.consuming algal excretory products over other compounds in the euphotic
zone. Seasonal fluctuation of glycollate parameters also shows us the

ECOSUR, Argentina, 12/13 (23/24): 111-121 (1985/86).



118 M. C. ROMEROQ & A. A. MARIAZZI, Bacterial uptake in eutrophic pond

n ™1 lk L - T r'"1
v v X1 o -V
- 1988 . 1986

Fig. 2.~ Seasonal variations of kinetic parame-
. s ters for glucose. (a) Turn over ‘time (hs); (b) as-
T—r—r—T—t—T=r—1—r—T—1— similated velocity (ug/Lhs); (c) natural glucose

Vl vit X le-‘ om “\‘. concentrations and affinity constant (ug/l).

Flg 1.~ Seasonal variations of kinetic parame-
ters for glycollate. (a) Turn over time (hs), ()
.assimilated velocity (ug/l. hs);(c) natural glycol-
late concentration and affinity constant (ug/l).

existence of a relevant relationship of heterotrophic organisms with
primary producers.

" Primary productlon and chlorophyll concentration highest values
(1922,5 mg O,.m~3.h~! and 32,25 mg chlor.m™ 3, respectively) were
reached in August-September 1985 and January 1986, agreeing with
highest glycollate uptake. In Lake Biwa, Tanaka et al. (1974) noted a
maximum in numerosity of bacteria using glycollate as carbon and ener-
gy sources together with the highest. organic ¢tarbon release rates of

ECOSUR, Argentina, 12/13 (23/24): 111-121 (1985/86)
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phytoplankton; -having bacterial kinetics a similar ‘magnitude to this
compound production.-

Kinetic parameters relation between uptake and assimilation for both
sustrates, ‘is seen in fig. 3. Orgamc substrate ‘uptake is the sum of the
assimilated or fixed in the bacterial cell plus that mineralized part of it.
Seasonal CO; expiration rate increase to frankly relevant values, specially
in glycollate kinetics.

10094 )

Fig. 3 - Mmerahzed percentage for both substrates Glucose (-~ ——) and glycol-
late (——=).

Observed results in- respiration experiences for both substrates are
expressed -as porcentages of - explred organic matter, CO, with respect to
the total incorporated substrate. This percentage is the average__,pf the
obtained for each of the four concentrations of' the experience, fluctua-
tion was of the' order of the unit, and the. highest explratlon rate wasob-
tained " at lower substrate concentration. This. variation ‘is understood as
product’ of the higher C isotope proportion with respect to the 2C
aggregate in leest concentrations. . ‘

. Expired glycollate varied -between 39%  uptaken on the surface in
winter up to 85% in spring -and summer. Depth variation was almost
null. . So hlgh respiration percentage show the .need of correcting kinetic
parameters accordmg to mineralization rates, riot to get- underestlmates
uptakes (Hobbie & Crowford, 1969). These same authors give means of
49% mineralized glycollate (Dan'y Pond Raleigh, North- Carohna) Wright
(1974) obtained 72% in Klamath Lake, thus a'growth yleld of only 25%.

On the ‘other hand, mineralized glucose percentage was 15% .during
winter and 36% in summer, with a clear seasonal variation and constant
with “depth. Williams (1970). found 33%; Wright (1974) 11-45% in
Klamath Lake, Oregon, USA (mean 26%), according with us with hlgher'
values as temperature increased. Crawford (1971) found mineralization
percentage averaging at 13% (8-17%) in Palmico Estuary, North Carolina.
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CONCLUSIONS

Seasonal and depth fluctuation of bacterial glycollate uptake evidences
its interdependence with the photosynthesis and algal excretory products.
By means of this mechanism, heterotrophic microorganisms liberate nu-
trients from organic molecules, and they can be used by algae again.

- Uptake, assimilation and.excretion rates observed during spring and
summer evidence the existence of an heterotrophic bacterial CQmmumty
adapted to consume excreted products.

Glucose Kkinetic parameters do not show so conspicuous fluctuations
because gludose is. not subject to so. clear seasonal variations and its
lack of vertical vanatlon comes from the considerable mixture of the
water pond. .

So high mineralization glycollate percentage indicate very low income
or assimilation respect to glucose and other organic compounds. The sig-
nificant concentration of this excretory product would explain its uptake
in spite of its low income,
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