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Figure 1: Life Cycle of Laminaria saccharina 
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provides faster vegetative growth (Montomura and Sakai, 1984). If iron is 

important the cultures can be grown under red light (Luning and Dring, 1975) 

to inhibit gametogenesis. 

The gametophytes are maintained at 12 °C (Luning and Neushul, 

1978). It has been shown that a temperature exceeding 22 °C kills the 

cultures (Bolton and Luning, 1982). The cultures should not be placed in 

illumination higher than 4000 lux white light to avoid gametogenesis (Luning, 

1980). No reports were given in regards to growth rates of the cultures. 

Cell Immobilization 

Much of the interest in immobilized algae is relatively recent (Robinson 

et. al. , 1986). Algae immobilization has focused around the production of 

primary metabolic by-products, such as, ammonia (Kerby et. al. , 1983) and 

hydrogen (Smith and Lambert, 1981). Immobilization of the algae facilitates a 

greater degree of control over experimental conditions. By immobilizing the 

algae it can be placed into packed beds and recovered for analysis easily. 

Free floating algae is much harder to characterize. 

Two methods of immobilization are available. The first is to allow the 

algae to penetrate a highly porous immobilizing matrix during growth. 

Polyurethane foams are a typical sliced into small (0.125 cm3) cubes and 

placed in the growing culture (Muallem et. al. , 1983). The algae invades the 

matrix and the foam cubes are later removed for placement in the process 

line. 

The other method is to entrap the algae in a polysaccharide matrix. 

The algae cells are first grown then they are transferred to the matrix. Several 

natural polysaccharides have been used for this, such as, agar, 
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kappa-carrageenan, and alginate (Robinson et. al., 1986). One way to 

transfer the cells to the matrix is accomplished by mixing the viable cells in 

the polymer matrix while it is in liquid form. Then, small beads are cast by 

dropping the algae laced polymer into a solidifying solution. The solution may 

solidify the polymer by temperature reduction or chemical reaction. 

The beads produced by active entrapment can be redissolved 

chemically. Alginate beads formed with calcium can be redissolved in a 

number of solutions. Their effectiveness depends upon the calcium chelating 

agent and its concentration (Dainty et. al., 1986). Typical solvents are sodium 

dihydrogen phosphate (NaH2PO4) and sodium citrate. 

The growth of immobilized cells is generally lower than that of free 

cells (Robinson et. al., 1986). This is probably due to restricted nutrient 

diffusion through the matrix and physical resistance of the matrix itself. It has 

also been found (Robinson et. al., 1985) that chlorophyll concentrations are 

somewhat higher in immobilized cells than in free cells. This is probably due 

to reduced light transmittance. 

Summary 

The current literature suggests that marine macroalgal cell cultures are 

attainable. The methods of protoplast isolation and gametophyte culture are 

both viable options for initiating cultures of marine macroalgae. It should be 

noted here that gametophyte culture is an limited approach with respect to 

liquid cell culture establishment. It was chosen because of the filamentous 

and undifferentiated characteristics of the Laminarian gametophytes. These 

characteristics are species specific and apply only to a few species. 

Cell immobilization as a method of cultivation of cell suspensions has 
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been well documented. The method of entrapment was chosen over the 

penetration method. This choice was made because of the small growth rates 

associated with macroalgal cell cultures. A small growth rate means a longer 

incubation time in the presence of the material to be penetrated. 
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Cell Culture Development 

Porphyra perforata Culture 

Collection 

Fresh tissue of Porphyra perforata was collected at low tide at Seal 

Rock, Oregon. All samples were collected between the months of June and 

August 1992. The samples were picked by hand and placed in seawater 

collected at the site. The samples were then placed in a cooler with ice for 

transportation. Upon arrival at the lab individual fronds were patted dry with 

paper towels and placed in a sealable plastic container. The container was 

then placed in a freezer kept at - 20 °C. The fronds remained viable under 

these conditions for up to 3 months. The overall culture procedure is outlined 

in Figure 2. 

Enzyme Preparation 

Two methods of enzyme preparation were tried. The first method was 

the direct extraction of digestive gut juices from marine herbivores. Live 

Aplysia californica sea hares were obtained from Marine Specimens 

Unlimited, Pacific Palisades, California. The animals were shipped overnight 

air shortly after capture in the wild. The animals came individually wrapped in 

their own bags containing native seawater with a pure oxygen atmosphere 

overlay. Bags of ice wrapped in newspaper were also included in the 

packages for temperature control during the trip. 
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Figure 2: Porphyra perforata culture flowchart 
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Immediately upon arrival, the animals (in plastic bags) were transferred 

to a natural seawater tank kept at 12 °C with constant filtration in a cold room. 

After a 1 hour temperature equilibration soak, the bags were opened and the 

animals were released into a section of the tank. The sections measured 1 ft x 

2ft and 7in deep. Each section held one animal. The animals were fed fresh 

Porphyra perforata for at least one week prior to enzyme acquisition. The 

animals were monitored daily and kept well fed. 

After the one week food acclimation period, the sea hares were ready 

for harvest. Each animal was first anesthetized by injecting with 50 ml of 7% 

MgCl2 in sterile, natural seawater. The injection was made in the underside of 

the animal. Once the animal was relaxed it was placed into a dissection tray 

filled with seawater and surrounded by ice. 

The dissection procedure started by pinning the animal to the tray with 

steel dissection pins at the head and tail such that the body was stretched 

and taught, lying on its back. Next the animal was cut open along the foot with 

scissors pinning back the foot as it was cut open. The gut and 
hepatopancreas was located and tied off at either end with surgical thread. 

The stomach assembly was then excised from the animal and the gut cut 

open over a clean, sterile, polypropylene centrifuge tube. The contents of the 

stomach were drained into the tube and the tube was placed on ice. The tube 

was then immediately transferred to a -70 °C freezer for storage until use. 

The actual Porphyra digestion medium contained stomach juice, 

cellulase, sorbitol, and buffer solution. The buffer solution consisted of 25 mM 

Trizma Base (Sigma, Cat# T-1503) and 25 mM MES (monohydrate 

[2-(N-morpholino)-ethanesulfonic acid], Calbiochem, Cat# 475893) in PES 

artificial seawater. The buffer was then adjusted to a pH of 6.5 . The enzyme 

solution was prepared in 50 ml batches. To 45 ml of chilled (0 °C) buffer 
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solution, 3.64 grams of sorbitol (0.4 M) was added as an osmoticum for the 

protoplasts. The digestion medium also contained 2 wt% (1g to 50 ml final 

solution volume) Cellulysin cellulase (Calbiochem) and 5.0 ml of the raw 

Aplysia gut juice (1:10 v/v). 

The solution was allowed to mix for 1 hour in a cold room at 4 °C. After 

mixing was complete the solution was transferred to sterile, 50 ml, 

polypropylene centrifuge tubes and centrifuged for 15 minutes at 5000 rpm to 

pellet any debris from the gut juice. The solution was then transferred to a 

115 ml sterilizing filter assemblage (Nalgene, 0.45 pm pore size) via Pasture 

pipet so as not to disturb the pellet. The filter assemblage also contained just 

enough glass wool to cover the filter, as a pre-filter, to catch any large pieces 

of debris that might clog the filter. The filter assembly was immersed in an ice 

water bath during the entire operation. 

After sterile filtering, the 50 ml of enzyme solution was transferred, 

using sterile technique, to sterile centrifuge tubes in 5 ml aliquots. The tubes 

were then stored in a freezer at -20 °C until ready for use. A summary of 

components is listed in Table 1. 

The second method of enzyme preparation employed the use of 

acetone powders made from the guts of marine herbivores, specifically 

limpets (Sigma, Cat# L-1251) and abalones (Sigma, Cat# A-7514). The 

powders were stored in a freezer at -15 °C until used. A 100 ml beaker was 

placed on ice and 5.0 grams of the acetone powder was added to it. Then 50 

ml of sterile PES artificial seawater was added and the solution was allowed 

to mix, covered, for 1 hour (1g acetone powder per 10m1 seawater). Then the 

solution was decanted into sterile centrifuge tubes and centrifuged for 20 

minutes at 2000 rpm to pellet any large particles. 
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Table 1: Enzyme Medium Compositions 

Quantity
of 

Volume 
of 

Mass 
of 

Mass 
of 

Enzyme Type Crude Enzyme PES Medium Cellulysin Sorbitol 

Aplysia Medium 5.0 ml 45 ml buffer* 1 gram 3.64 grams 

Limpet Medium 5.0 grams 50 ml seawater 1 gram 3.64 grams 

Abalone Medium 5.0 grams 50 ml seawater 1 gram 3.64 grams 

* Tris/MES Buffer 
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The centrifuged solution was then transferred via Pasture pipet to 

sterile dialysis membrane tubing stored at 4 °C in sterile deionized water. The 

tubing was pre-treated out of the box by boiling in 2.5 mM EDTA at pH 8.0 for 

30 minutes twice. It was then boiled in deionized water three times to remove 

any trace of the EDTA. This helped soften the tubing for easier use. The filled 

dialysis tubing was immersed in sterile Instant Ocean seawater at 4 °C for 16 

hours under constant stirring to remove low molecular weight compounds as 

a first pass at purification. The seawater was replaced after 12 hours to 

increase the diffusion driving force. 

After dialysis, the enzyme mixture was removed from the tubing and 

placed in a sterile 100 ml beaker on ice. To the enzyme solution, 3.64 grams 

of sorbitol (0.4M) was added as an osmoticum along with 2 wt% (1g to 50 ml 

final volume) Cellulysin cellulase (Calbiochem). The solution was then 

brought to a pH of 6.5 after 20 minutes of mixing. Next the solution was 

transferred to sterile centrifuge tubes and centrifuged for 20 minutes at 2000 

rpm to pellet any large particles. The solution was then transferred to a 115 

ml filter sterilizing assemblage (Nalgene, 0.45 pm pore size) containing glass 

wool as a pre-filter. The solution was filter sterilized on ice and transferred to 

sterile centrifuge tubes in 5 ml aliquots using sterile technique. A summary of 

components is listed in Table 1. 

Porphyra Tissue Preparation for Digestion 

Frozen fronds were taken from the freezer and immediately placed in 

sterile PES enriched seawater medium (Table 2) at 4 °C to thaw. The frond 

was then checked for viability by the use of 0.33 wt% phenosafarin dye and 

microscopic investigation. Viable cells do not stain and remain green in color, 
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Table 2: PES Enriched Seawater Medium Composition* 

Component 
Sodium nitrate 

Boric acid 

Cobalt (II) sulfate hepahydrate 

Iron (III) clhoride hexahydrate 

Chelated iron 

Manganese sulfate tetrahydrate 

Sodium EDTA 

Formula m /L 
NaNO3 56.0 

H31303 4.56 

CoSO4 7H20 0.019 

FeCl3 6H20 0.196 

Fe(NH4)2(S02) 6H20 2.808 

MnSO4- 4H20 0.656 

Na2EDTA 6.4 

Sodium glycerophosphate hexahydrate Na2glycerophosphat 6H20 8.000 

Zinc sulfate hepahydrate ZnSO4 7H20 0.088 

Biotin 0.0008 

B12 0.0016 

Thiamine-HCI 0.080 

* These components are added to 1 liter of natural seawater 
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while dead cells stain red. The frond was then placed on a clean plexiglass 

surface and 5 mm discs were cut from it using a sterile cork borer. The discs 

were placed in sterile PES medium on ice as soon as they were cut. Ten 

discs were set aside for a fresh weight measurement. Thirty discs were cut for 

each digestion ( 57.0 mg fresh weight). 

The sterile medium was then decanted off the disks and replaced with 

deionized water. The disks were sonicated in a 100 ml sterile beaker 

containing sterile deionized water for 30 seconds. The water was decanted off 

and replaced with sterile PES medium and sonicated for 30 seconds. The 

seawater was decanted off and replaced with fresh, sterile PES medium and 

the disks were sonicated again for 30 seconds and the seawater decanted 

off. This procedure had the effect of removing most of the surface ephitytes. 

The disks were then incubated in a sterile hood for 3 minutes in -25 ml 

of a 1:10 v/v dilution of Betadine (Perdue Fredrick Company, Norwalk, CT) in 

sterile PES medium. After incubation the disks were washed several times 

with sterile PES medium to remove all traces of the Betadine solution. The 

disks were placed in an antibiotic solution with the composition shown in 

Table 3 for 2 days to complete the tissue sterilization procedure. 

Porphyra Tissue Digestion 

After sterilization in the antibiotic solution, 30 discs (57.0 mg fresh 

weight) were removed and washed with sterile PES medium. The discs were 

placed on a sterile plastic 100x15 mm petri dish and chopped into fine pieces 

(<1 mm2) using a sterile utility knife fitted with a flame sterilized safety razor 

blade. The chopped Porphyra was then checked for viability using a 0.33 wt% 

phenosafarin stain and microscopic observation. 
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Table 3: Antibiotic Composition (1 Liter PES Medium) 

Component (mg/L)

Penicillin G 1000

Steptomycin Sulphate 2000

Kanamycin 1000

Neomycin 200

Nystatin 25
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A 5.0 ml aliquot of previously mixed enzyme solution was thawed and 

placed in a 60x15 mm sterile plastic petri dish. The chopped pieces of 

Porphyra were then placed in the enzyme solution, using sterile technique 

with the aid of a utility knife, to give a final concentration of 11.4 mg fresh 

weight per ml of enzyme solution. The petri dish was sealed using Parafilm 

and placed at the appropriate digestion temperature on an orbital shaker at 

70 rpm for 16 hours. 

Protoplast Isolation 

After digestion, the enzyme mixture containing the protoplasts was 

filtered through a sterile 60 pm nylon mesh filter to remove any undigested 

material. The undigested material was washed on the filter with sterile PES 

medium containing 0.4 M sorbitol to wash through any held up protoplasts. 

The filtrate was then transferred to a sterile centrifuge tube and centrifuged 

for 15 minutes at 1350 rpm to pellet the protoplasts. The enzyme solution was 

then removed with a sterile Pasteur pipet and the pellet was resuspended in 

sterile PES medium containing 0.4 M sorbitol. This washing procedure was 

repeated 3 times. 

The washed protoplasts were then placed in 60x15 mm sterile plastic 

petri dishes with 5 ml of sterile PES medium containing 0.4 M sorbitol. A small 

sample was then taken to asses initial viability and protoplast density using a 

Fuchs Rosenthal hemocytometer. 

Hemocytometer counts were performed at 100x magnification using 

phenosafarin as a viability indicator. A small sample of protoplasts, in culture, 

was taken with a sterile Pasture pipet. Two drops were placed on a small 

piece of Parafilm, which aided in sample handling due to its hydrophobic 



21 

properties. Next a 1/8TH drop of 0.33 wt% phenosafarin in deionized water 

was also placed on the Parafilm. The dye and culture sample were mixed on 

the Parafilm by allowing the dye to enter the pipet through capillary action and 

then injecting the dye into the droplet of culture. Bubbles were introduced into 

the combined droplets and the two liquids were mixed by swirling the bubbles 

with the tip of the pipet. 

About 0.25 ml of the dye-culture mix was then transferred to the 

hemocytometer via the Pasture pipet and the total number of protoplasts were 

counted under 100x magnification. The counting procedure was 
accomplished by counting the total number and viable number of protoplasts 

in five 1 mm2 ruled sections on the Hemocytometer. Each section has a 

known depth of 0.2 mm. From this a value for the numbet of protoplasts per 

unit volume was calculated. The percent viability was calculated by dividing 

the viable number by the total number and multiplying by 100. The protoplast 

yield was calculated as the total number of viable cells divided by the initial 

fresh weight digested. 

After counting, the protoplast cultures were then immediately placed on 

an orbital shaker at 70 rpm under 2500 lux light intensity with a photoperiod of 

12 hours light 12 hours dark (12L:12D) at a temperature of 15 °C. 

Protoplast Culture 

The osmoticum concentration of the culture medium was stepped 

down every 24 hours in 0.2 M increments to prevent growth inhibition by 

sorbitol. This was done by centrifugation at 1350 rpm for 15 minutes and then 

resuspension with fresh PES medium. Viability counts by hemocytometer 
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were made every other day to follow cell growth. The cultures were 

maintained at 15 °C, 12 hours light 12 hours dark, 70 rpm on an orbital 

shaker, and 2500 lux light intensity. 

Laminaria saccharina Culture 

Collection 

Laminaria saccharina female gametophyte cultures were obtained 

from Dr. Richard Steele, Environmental Protection Agency, Newport, Oregon 

in 355 ml sealed bottles. The cultures were transferred to Oregon State 

University in an ice chilled cooler. Upon arrival the cultures were immediately 

placed in a low temperature incubator kept at 12 °C. The cultures were 

subcultured every three weeks into a GP2 artificial seawater medium. The 

exact composition of this medium can be found in Table 4. Cultures were kept 

in 250 ml Erlenmeyer flasks under 2500 lux light intensity with a photoperiod 

of 16 hours light: 8 hours dark. The cultures were not agitated. 

Sub-Culture Procedure 

Every three weeks, four of the best looking cultures from a culture line 

of ten were selected for subculture. Selection was based on a deep brown 

color and no sign of contamination under 100x magnification. Another 

important characteristic of culture selection was that the gametophytes should 

not appear to adhere to the flask walls. 

The culture flasks selected for subculturing were removed from the 

incubator and the culture was filtered through a sterile 60 pm nylon mesh 

filter. The filter cake was then washed with sterile GP2 medium. The filter 

cake was back washed into a 250 ml blending vessel. The blending vessel 
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Table 4: GP2 Medium Composition 

Component 

Sodium chloride 

Sodium sulfate 

Potassium chloride 

Postassium bromide 

Sodium tetraborate decahydrate 

Magnesium chloride hexahydrate 

Calcium chloride dihydrate 

Strontium chloride hexahydrate 

Sodium nitrate 

Sodium phosphate 

Sodium citrate dihydrate 

Sodium molybdate (VI) dihydrate 

Potassium iodide 

Zinc sulfate hepahydrate 

Sodium orthovanadate 

Manganese chloride tetrahydrate 

U)a 
E 
as 

> 

Thiamine-HCI 

B12 

Biotin 

Formula 

NaCI

Na2SO4

KCI

KBr

Na2B407. 10H20

MgCl2. 6H20

CaCl2. 2H20

SrCl2. 6H20

NaNO,

NaH,PO4 H,0

Na,CJ-1,07 2H90

Na2Mo04. 2H20

KI

ZnSO4. 7H20

Na3VO4

MnC12. 4H20

mg/L

21,030

3,520

610

88

34

9,500

1,320

20

63.5 

6.4 

0.52 

0.012 

0.042 

0.0112 

0.0048 

0.0034 

0.25 

0.000125 

0.000125 
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was previously cleaned under sterile conditions with sterile deionized water. 

Sterile fresh GP2 medium was then added to a volume of 100 ml and the 

vessel was sealed. 

The culture was then blended on the highest setting, "liquefy", for 30 

seconds. This blending procedure does not harm the majority of the culture, 

but serves to break the long, tough, filamentous chains that are characteristic 

of the female gametophytes. After blending, the sealed blending vessel 

containing the blended culture is returned to the laminar flow hood for 

subculture. 

To ten sterile 250 ml flasks, 90 ml of sterile GP2 medium was added. 

Then, 10 ml of freshly blended three week old culture was added to the 

subculture flasks to a total volume of 100 ml. Of the four flasks originally 

chosen for subculture, two are chosen to inoculate three flasks and the 

remaining two inoculated two flasks. The newly inoculated flasks were then 

placed in an incubator at 12 °C, 2500 lux, 12:12 L:D photoperiod. 

Growth Measurements 

Two methods of growth measurement were utilized. One measured the 

amount of chlorophyll a present in a known volume and the other measured 

the dry cell mass in a known volume. The chlorophyll method was chosen 

because of its low sample volume requirements and reproducibility. Because 

chlorophyll content in a cell can change due to light fluctuations, light intensity 

was always kept constant in all cultivation experiments. This was also done 

so that chlorophyll content could later be correlated with dry cell density. 

Chlorophyll content was assayed using a spectrophotometric method 

relying on an absorbance peak occurring at a wavelength at 665 nm. For 
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each assay a 5.0 ml sample was obtained, using a graduated pipet, from the 

culture and vacuum filtered through a 20 pm pore size nylon mesh filter 

(Spectra Mesh) using an aspirator. The filter was washed with deionized 

water on the filter stage prior to culture addition. Then the filter was folded into 

eighths to form a wedge shape. Next the filter, with cells, was placed in a 50 

ml polypropylene centrifuge tube with the "point" of the wedge touching the 

bottom of the centrifuge tube. With each assay a blank was also prepared by 

washing a nylon filter with deionized water and following the same procedure 

without filtering culture. 

Once all samples were obtained and placed in clean dry centrifuge 

tubes, 5.0 ml of HPLC grade methanol was added to each tube via a 

volumetric pipet. The tubes were then capped using tight fitting polypropylene 

caps provided by the manufacturer of the centrifuge tubes. Each sample was 

then mixed on a 'Vortex' (VWR) machine at speed setting 4 for 30 seconds. 

The samples were then immediately placed in a dark refrigerator at 4 °C, 

overnight to allow complete extraction of the chlorophyll. 

After complete extraction, overnight, the samples were removed from 

the refrigerator and vortexed once again for 30 seconds at speed 4. The 

spectrophotometer (Hitachi, model 100-10) was warmed up prior to sample 

analysis (see appendix A for warm up procedure). The spectrophotometer 

was then set to a reading of +0.000 absorbance using the blank sample. A 

voltmeter was used as a readout to prevent any error arising from parallax 

viewing of the analog display. 

Before each sample was added to the cuvette (NSG, Precision Cells, 

10 mm light path), the cuvette was washed four times with pure HPLC grade 

methanol and allowed to drain upside down into a clean Kimiwipe. The optical 

surfaces of the cuvette were then wiped visibly clean using a Kimiwipe. The 
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samples were withdrawn from the centrifuge tubes using disposable Pasteur 

pipets, such that the tip of the pipet was blocked by the 20 pm mesh filter. In 

this way, any cell matter in the liquid sample was filtered out upon entering 

the pipet. Once the sample was transferred to the cuvette, the cuvette was 

placed in the spectrophotometer and the absorbance was read at 665 nm 

from the digital voltmeter. This base corrected absorbance was then 

multiplied by 16.29 pg ChI a/ abs unit (Geider and Osborne, 1992) to find the 

chlorophyll a content. 

The cell density of a sample, based on dry cell weight per liter of 

culture, was determined by filtering a known volume of culture through an 

oven dried (70 °C, 24 hours), pre-weighed, 47mm diameter, 0.45 pm pore 

size, Millipore filter (Cat# HAWP-047-00) under aspiration. After filtration the 

cells were washed with deionized water to remove any traces of saltwater 

medium in the filter. The filters were then removed from the filter stage and 

placed in a clean dry glass petri dish. The petri dish was placed in an oven at 

70 °C overnight to dry. 

The dried filter and cells were then weighed on an analytical balance 

(0.1 mg resolution) to determine the dry weight of cells contained in the 

filtered volume. Typical initial dry cell densities of cultures were in the 60-100 

mg/L range so large volumes had to be filtered for accurate results. Washing 

of the cells on the filter prior to drying was essential to remove salts that could 

have affected the weight measurement. 
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Cultivation Studies 

Static Flask 

Setup 

Static flask cultures were maintained in 250 ml Erlenmeyer flasks. 

Originally the cultures were agitated on an orbital shaker, but the filamentous 

cells coagulated into large spheres. Therefore, the cultures were not agitated 

and the filamentous cells were allowed to grow as mats. The flasks were 

placed in a low temperature incubator at 12 °C and were illuminated overhead 

by three disposable Gro-lux and/or cool white fluorescent lights to an intensity 

of 2500 lux. The photoperiod was controlled by a light timer set for 16 hours 

light and 8 hours dark (16L:8D). 

Aluminum foil was placed under each culture flask to minimize light 

loss to the surroundings. Each flask was sealed with aluminum foil to maintain 

sterility and to reduce moisture loss. 

Experimental Conditions 

For each static flask run 10, 250 ml Erlenmeyer flasks were cleaned 

and autoclaved (20 min, 121 °C, 15 psig). To each flask 90 ml of sterile GP2 

medium was added. One three week old maintenance culture was chosen as 

an inoculum source. The culture was blended for 30 seconds on "liquefy" 

speed and 10 ml was added to each static flask. The flasks were then sealed 

with aluminum foil and numbered. 

The first flask was taken as the initial point at zero days and four 5.0 ml 

samples were taken for the chlorophyll absorbance analysis and three 20 ml 

samples were taken for dry weight analysis. After the first point, the above 
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analysis was performed every three days. Only one experimental condition 

was examined with this cultivation system. The conditions were 2500 lux light 

intensity, 12 °C temperature, 16L:8D photoperiod, 340 mg/L bicarbonate 

(HCO3) carbon source, and no aeration. The experimental conditions are 

summarized in Table 5. 

Bubble Column Reactor 

General Set-up 

The glass reactor vessel and stainless steel head plate are shown in 

Figure 3. The glass reactor vessel consists of a 5.0 in. straight section and a 

6.0 in. slanted section at an angle of 89 degrees from the bottom horizontal. 

This gives the vessel an effective culture volume of 280 ml. The body is 

sealed to the headplate using two Viton 0 rings, one above and below the top 

lip of the glass body. The head plate has two stainless steel Swage-lok 

bored-through connectors. One is the air outlet fitted with a 1/4 in. hose 

connection. The other port is for culture sampling. 

The sampling assembly consists of a 1/4 in. stainless steel tube that 

penetrates the culture solution on one end and is reduced to a 1/8 in. hose 

connection at the other end. A 2 in. section of 1/8 in. diameter autoclavable 

tubing is attached to the sampling hose connection and fitted with a lure-lok 

connector on one end and clamped in the middle. The air outlet port is 

connected to 6 in. of 1/4 in. diameter autoclavable tubing with a 0.2 pm 

Gelman sterilizing filter at one end. This prevents contamination from the 

atmosphere. 
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Table 5: Static Flask Experimental Conditions 

Condition 

Temperature

Light Intensity

Photoperiod

Medium

Length of
Cultivation

Culture Volume

Agitation

Setting 

12-15 °C

2500 Lux

16L:8D

GP2 (340mg/I bicarb)

-30 Days 

100 ml 

None 
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BIOREACTOR DETAIL
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Figure 3: Dimensions of Bubble Column Bioreactor 
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The overall bubble column reactor set-up is shown in Figure 4. The 

entire assemblage is contained in a temperature controlled incubator. Air 

flowed into the reactor from a Whisper 300 air pump through a calibrated flow 

meter. The air then traveled through a 0.2 pm pore size Gelman filter to filter 

out any bacteria that might contaminate the culture. 

The air was then humidified by bubbling through sterile deionized 

water and distributed through a 1/2 in. diameter glass frit sparger. The frit was 

graded as "coarse" giving it an average pore size of 40-60 pm. The air then 

bubbled up through the liquid culture providing enough mixing to keep the 

filamentous gametophyte cells suspended. Air exited the reactor through a 

0.2 pm Gelman filter. Air tubes lead out of the incubator to prevent the icing of 

cooling coils. 

Sparger Design 

To keep the culture suspended, sparger design became the most 

important factor. Four designs are listed here (Figure 5). 

The basket, teardrop, and annular dispersion spargers were all 

removable. This was done to facilitate cleaning and testing of the spargers. Of 

the removable spargers the teardrop design functioned the best. The major 

problem with the removable spargers was the ability of the female 

gametophytes to attach themselves to any ledge or crevice. The best result 

was the teardrop design in which the sparging takes place close to the reactor 

vessel wall leaving little space or sharp angle for the gametophytes to attach 

themselves. 

The long cultivation times of the gametophytes outweighed the 

convenience of a removable sparger. A fixed sparger was used in the final 



32

BUBBLE COLUMN BIOREACTOR

CLAMPAIR FILTER
TO ATMOSPHERE

-11."-- TO SAMPLING DEVICE 

- CELL 
SUSPENSION 

REACTOR HOLDING 
STAGE 

GLASS FRIT 
FLOW METER SPARGER 

(AIR PUMP 

LIGHT SOURCE
REFERENCING

PLATE

AIR FILTER CLAMP 

TIMER 

LIGHT SOURCE 

Q 

PUMP 

Figure 4: Bubble Column Bioreactor General Set-up 
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Figure 5: Sparger Configurations 
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design and gave excellent results. The vessel was extruded to a 1/2 in. 

diameter point and the sparger was sealed in here. This gave a small 

sparging area that resulted in more complete bubble distribution and higher 

bubble velocity. The end result was more effective suspension. 

Light Stage 

A light stage (Figure 6) was built to provide illumination for 
photosynthesis. It consisted of two 6 watt fluorescent tubes, 8 in. long 

mounted on plexiglass blocks. The plexiglass blocks were fitted with 

referencing pegs 2.25 in. apart. To control light intensity, peg holes (0.375 in. 

diameter) were drilled 0.6 in. apart in a referencing plate to hold the blocks. 

Figure 7 shows light intensity as a function of position on the referencing 

plate. 

Experimental Conditions 

The reactor vessel and headplate assembly was washed with 

phosphate-free soap (Liquinox) and rinsed 10 times with deionized water. 

The vessel and headplate was then dried in an oven for 2 hours. To prevent 

the gametophytes from sticking to the walls the vessel was silanized using 

Sigmacote (Sigma, Cat# SL-2), which provides a inert hydrophobic film of 

silicone. About 10 ml of the silanizing agent was poured into the clean dry 

vessel and all glass surfaces were wetted with the agent. 

The vessel was allowed to air dry for 24 hours to cure the silanizing 

agent. Next the vessel was rinsed 10 times with deionized water to remove 
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Figure 6: Light Stage Dimensions 
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and placed in the mixing, cooled alginic acid solution. The final dry cell 

density was -60-100 mg/L. 

The casting solution consisted of sterile GP2 medium containing all 

nutrients and ions with the addition of 0.3M CaCl2. The divalent calcium ions 

form the backbone of the newly ionically crosslinked alginate matrix. The 

calcium chloride was weighed out into a clean 500 ml beaker. The beaker 

was then sealed and autoclaved for 15 minutes at 15 psi. To the sterilized 

calcium chloride, complete GP2 medium was added using a sterile graduated 

cylinder. 

Casting Apparatus 

The bead casting apparatus is shown in Figure 8. The alginic acid and 

gametophyte solution remained under constant mixing on a magnetic stir 

plate. A 1/8 in. OD Tygon tube was immersed in the solution and fed trough a 

peristaltic pump. The pump (Buchler Instruments, model 426-2000) was set at 

the highest speed. The other end of the tube was connected to a 1/8 in. to 

1/16 in. in. reducing union. The 1/16 in. OD tube was then fed through a 1/16 

in. ID stainless steel sleeve situated over the casting solution by 4 in. to 

provide rigidity. The 1/16 in. flexible tubing protruded from the end of the 

stainless steel tubing by 1/8 in.. 

Before starting a bead casting run, the tubing was flushed with sterile 

deionized water for 10 minutes. Then alginate solution was introduced to the 

clean line at a speed setting of 6 on the peristaltic pump. Using a hand 

counter the number of drops per minute were counted three times to 

establish a bead formation rate (-96 beads/min). The time to form 100 beads 

was calculated from this. The beads measured -3 mm in diameter. 
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Calibration Curve Data 

MI sample, ABS (665nm) Corrected ABS Average ABS dry wt (mg) 
5 0.073 0.033 0.026 0.341 

5 0.059 0.019 0.341 

10 0.16 0.12 0.117 0.682 
10 0.154 0.114 0.682 
20 0.343 0.303 0.218 1.364 
20 0 173 0 133 1.364 
30 0.553 0.513 0.5275 2.046 
30 0.582 0.542 2.046 
60 1.34 1.3 1.32 4.092 
60 1.38 1.34 4.092 

IFIRMEIRMIIIII :1111419M=7/ in=r3111. 111.1MMIM1 

2.118 6.210 0.341 2.1185 
0.682 9.535

0 95 IMMIIIMINIMIMMI 
IirMr= MillIMIMI 

56 

militsirmiliommlnimmimmurrawm.MOM
30 42.965 20.999 
30EirM 0 5 111111M= 
., IIIIII. . . !ff1111111=11=1

Regression Output: linear plot 
Constant 0.4676417021 0.54048696474591 

0.2234450222 0.79541099046769Std Err of Y Est 
0.9830511486 1.078331259705R Sauared 

5 1.9453549731994No. of Observations 
3 4.1654158118819Degrees of Freedom 

X Coefficient(s) 0.034393419552
Std Err of Coef. 0.002607334848




