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ABSTRACT

The morphology ofStreptomyces olindens{producer of retamycin, an antitumor antibiotic) grown in
submerged culture was assessed by image analysis. The morphology was differentiated into four classes:
pellets, clumps (or entangled filaments), branched and unbranched free filaments. Four morphological
parameters were initially considered (area, convex area, perimeter, and convex perimeter) but only two
parameters (perimeter and convex perimeter) were chosen to automatically classify the cells into the four
morphological classes, using histogram analysis. Each morphological class was evaluated during growth
carried out in liquid media in fermenter or shaker. It was found that pellets and clumps dominated in early
growth stages in fermenter (due to the inoculum coming from a shaker cultivation) and that during cultivation,
the breakage of pellets and clumps caused an increase in the percentage of free filaments. The criteria of
morphological classification by image analysis proposed were useful to quantify the percentage of each
morphological class during fermentations and may help to establish correlations between antibiotic production
and microorganism morphology.
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INTRODUCTION (1,3,10). Nowadays, image analysis is a very useful technique
to assess morphology during cultivations.
Filamentous microorganisms suchfaginomycetalesand Image analysis is the obtention of information (measurements)

filamentous fungi are used in several industrial fermentatiorfsom an image by a computer in a reproducible and semi-automated
In particular,Streptomycespp. are very important in antibiotic or automated manner. The main advantages of image analysis are
production. In these processes, microorganism morphologytligt repetitive measurements can be automated and measurements
strongly related to the production of metabolites (7,10,11¢an be made accurately, reproducibly, and more quickly than
influencing the rheological properties of the fermentation brotimanual methods based on human observations (6,8).
(5), which can cause problems in mixing and mass transfer. Hence, in the present work, image analysis techniques were
Despite of this importance, little quantitative work toapplied to characterize the morphology Sifeptomyces
evaluatethe morphology of filamentous microorganisms in @lindensisin submerged culture, which is a good producer of
systematic way has been published until recent years. With the antibiotic retamycin, an anthracyclin complex with high
development of automated image analysis techniques, in goitumour activity (2). The morphology was classified into four
1990's, a considerable quantity of information about microorganisttasses: pellets, clumps (or entangled filaments), branched, and
morphology has been obtained, with faster arade accurate unbranched free filaments (9), through a criterion developed to
results than the ones obtained with the earlier time-consumicigssify the microorganism into these classes, based on its
manual methods, consisting in measurements from photograpgimensions (perimeter and convex perimeter).
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MATERIALS AND METHODS the binary image (12). After binarization, the binary image was
corrected using erosion, dilation, skeletonization and pruning.
Microorganism Skeletonization and pruning were useful to obtain the number

The strain ofStreptomyces olindensigas obtained from of tips of the hyphal elements.
Laboratério de Genética de Microrganismos/Instituto de
Ciéncias Biomédicas/Universidade de Sao Paulo. The cells w8gmple preparation

stored in tubes containing glycerol 20% v/v, at — 20°C (4). Samples from the culture broth were diluted 5- to 20-fold
with distilled water. A 20-pum aliquot of the diluted sample was
Culture medium pipetted onto a slide glass, dried and fixed over a Bunsen flame,

The medium for the cultivations contained the followingand stained with methylene blue (0.3 g methylene blue, 30 mL
nutrients (4): glucose (10.0 g/L), yeast extract (5.0 g/LB5% ethyl alcohol, in 100 mL distilled water) (1,12). For each
tris(hydroxymethyl)-aminometan (3.09 g/L), casein hydrolysatgample, 5 slides were prepared.

(0.10 g/L), kSO, (0.25 g/L), and MgGI6H,0 (10.12 g/L). The For each sample, more than 100 features were characterized by
pH was adjusted in 7.0. After medium sterilization, the followingrea, convex area, perimeter, and convex perimeter measurements.
sterile solutions were added (for 250 mL of culture mediumEonvex area is that area bounded by the convex perimeter, in
KH,PQ, 0.5 % w/v (2.5 mL), CagbM (1.0 mL), and 0.5 mL of a which concavities in the feature boundary have been infilled.
trace elements solution (40 mg ZrA00 mg FeGl6H,0O,
10 mg (NH)sM07024.4H,0, 10 mg CuCGl.2H;O, 10 mg RESULTS AND DISCUSSION
MnCl,.4H,0, 10 mg NgB,O;.10H0 in 1000 mL of distilled water).

A series of experimental runs (data not shown) were utilized
Culture conditions for the proposition of a criterion to classify the features into the

One batch run was performed in a 15-L Biolafitte fermentdour morphological classes in an automated way, based on
(run R-1) under the following conditions: working volume = 10nicroorganism dimensions. The set of results was composed
L; agitation rate = 500 rev/min; air flow rate = 10 L/min; internaby 2110 features (940 free filaments (branched and unbranched),
pressure = 1.2 atm; pH = 7.0 and temperature = 30°C. Té#l clumps, and 529 pellets). The data were analyzed by means
fermenter was provided with three flat blade turbine diséf frequency histograms (Figs. 1 and 2).
impellers, with four blades each. Another run (R-2) was Fig. 1 shows the histograms of perimeter. From Fig. 1A, it
performed in a New Brunswick rotary shaker at 200 rev/min amén be calculated that 95% of free filaments had perimeter

30°C. between 40 and 600 um, while from Fig. 1B and 1C, that only 3%
of clumps and 1% of pellets presented perimeter in this range.
Inoculum preparation Thus, perimeter is a good criterion to identify free filaments.

The inoculum for the fermenter run (R-1) was prepared inThe criterion to distinguish branched from unbranched filaments
New Brunswick rotary shaker at 200 rev/min and 30°C for 24 the number of tips. However, also from Figs. 1B and 1C, it can
hours. In run R-2, shaker flasks were inoculated with the stobk calculated that 95% of clumps and 80% of pellets presented

cell suspension (4). perimeter between 600 and 10,000 um. So, perimeter is not a
good criterion to distinguish pellets from clumps.
Methodology Similarly, Fig. 2 shows the histograms of convex perimeter.

Samples collected periodically from the fermenter wererom Figs. 2A and 2B, it can be calculated that 93% of free
evaluated for dry mass (X) after vacuum filtration and dryinfilaments and 10% of clumps presented convex perimeter
(4), glucose concentration (S) by glucose-oxidase method @EBtween 20 and 300 um. So, convex perimeter is not a good

and morphology by image analysis. criterion to distinguish free filaments from clumps, as the
perimeter criterion. However, from Figs. 2B and 2C, 90% of
Image analysis clumps presented convex perimeter between 100 and 950 um

A LEICA Q500MC Image Analyser, attached to an Olympuand 90% of pellets presented convex perimeter between 950
BX60 optical microscope, was used. The images were acquiatd 7,200 um. Thus, convex perimeter is a good criterion to
with a JVC TK1280U CCD camera. The microscope images wetgstinguish clumps from pellets.
recorded with a resolution of 640 x 512 pixels and 256 grey Then, both perimeter and convex perimeter can be used to
values. The grey image was corrected using erosion and dilaticlassify the features into the four morphological classes
before binarization. The image was then segmented by twmposed, as shown in Fig. 3. For clumps, two criteria must be
thresholds to obtain a binary image. In the segmentatiosed. The first one to distinguish clumps from free filaments
process, pixels which have a grey scale between the tawnd the second one to distinguish clumps from pellets. Other
thresholds are picked out and the others are eliminated, to famorphological measurements, such as area and convex area,
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Figure 1.Histograms of perimeter for each morphological classigure 2.Histograms of convex perimeter for each morphological
of Streptomyceslindensisgrown in submerged cultures. (A) class ofStreptomyceslindensisgrown in submerged cultures.
Free filaments; (B) Clumps; (C) Pellets. (A) Free filaments; (B) Clumps; (C) Pellets.

did not allow the establishment of any classification criteriofiee filaments (branched and unbranched) percentage increased,
for the microorganism morphology. as a consequence of severe shear conditions in fermenter, which
To illustrate the applicability of these criteria, the morphologgause pellet and clump disruption, forming free filaments.

during two fermentation runs (in fermenter and in shaker) w&umps percentage did not vary significantly during
assessed, in order to compare the evolution of morphology drtnentation. Fig. 4B shows biomass and glucose profiles during
pellet disruption in two very different shear conditions. fermentation, in run R-1. Biomass reached a maximum of about
Fig. 4A shows the time course of morphology in run R-15.5 g/L after 20 hours of cultivation and carbon source exhausted
carried out in fermenter, with the percentage of eaditer about 24 hours of cultivation.
morphological class, assigned by image analysis. From this In run R-2, carried out in shaker, there was mainly pellets
figure, it can be observed that pellets dominated in the beginniagd clumps in the beginning of cultivation, with a significant
of fermentation (about 70%), because the inoculum containedraaller percentage of free filaments. Only after about 24 hours
high quantity of pellets, provenient from a shaker culture. Durirgf cultivation, the percentage of free filaments started increasing.
growth phase (0 to 20 hours), pellet percentage decreased wRidet and clump disruption was indeed faster in fermenter
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Figure 5. (A) Percentage of each morphological class of
Streptomyceslindensisduring run R-2, in rotary shaker; (B)
Biomass and glucose profiles duriStreptomyceslindensis
cultivation in run R-2, in rotary shaker.
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0 . R ] . fermentation course, and that it is strictly related to the shear

0 10 20 30 40 50 conditipns during cultivation. Hence, very distinct morpholog_ic_:al
Time (h) behaviors should be expected when different culture conditions

are established.

From the results presented in this work, it can be concluded
Figure 4. (A) Percentage of each morphological class dhatthe criteria of morphological classification by image analysis
Streptomyceslindensisduring run R-1, in fermenter; (B) Proposed here are suitable to quantify the percentage of each
Biomass and glucose profiles duriStreptomyceslindensis Mmorphological class during fermentations. Image analysis
cultivation in run R-1, in fermenter. showed to be a powerful tool to quantify morphology during

filamentous microorganism cultivations and the criteria
established will be very useful in future studies, with the main
cultivation than in shaker cultivation, because of the vemybjective of correlating both antibiotic production and
different shear conditions; in fermenter, there are higher shemaicroorganism morphology.
stress conditions due to the mechanical stirrer, that causes pellet
and clump breakage. At the end of the shaker cultivation, there ACKNOWLEDGEMENTS
was about 60% of free filaments, as shown in Fig. 5A. Fig. 5B
shows biomass and glucose profiles during fermentation, in The authors would like to thank FAPESP and PADCT/ CNPq
run R-2. The maximum biomass concentration was about 4.3 gftx; the financial support.
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