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CULTURE OF FRESEWATER MUSSEL GLOCHIBIA .IN AN

ARTIFICIAL HABITAT UTILIZING COH?LEX LIQUID GROWIH MEDIA

SPECIFICATION

TO ALL WHOM IT HAY CONCERN:

Be it knowm that we, Biily G. Isom and Robert G. Hudson, citizens
of the United States, -and residents of Killen, County of Lauvderdale, and
State of Alabama, and Clinton, County of Laurens » and State of South
Carolina, respect£vely, while employed by the Temnessee Valley Authority,

a corporation’ existing under and by virtue of anm Act of Congress; as a full
tim;‘employee and under the provisions of a personal services contract,
respectively, by virtue of and incidental to such employment, have invented

a new and useful improvement in CULTURE OF FRESHWATER MUSSEL CGLOCHIDIA IN

AN ARTIFICIAL HABITAT UTILIZING'CDHPLEX'LIQUID GROWTH MEDIA,

of vhich the following is a specification.
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FIELD OF INVENTION.

The present invention relates ta a method and composition of matter
essential ro the transformation of the glochidia of freshwater mussels to the
juvenile st;geg Yore particularly, the present invention relates to a process
whereby the normal peried of host specific parasitism on fish is reproduced
iﬁ an artificial habitat, which is essential to commercial or conservation

management of some species, especially where the specific fish host regquire-

ment is unknown.

BACKGROUND OF THE INVENTION

Due in part to the complex life-cycle of freshwater mussels usually

-involving a parasitic stage on fish host and to unknown environmental or

habitat requirements, many freshwater mu;sel species have been recognized
as declining in numbers and/or extirpated from historical habitats. There—
fore,‘approximatély‘lﬁ percent of all animal species fecognized by iaw as
endangered include various species of freshwater mussels.

Initiation of reseaxch leading to the present invention was for the
specific purpose of developing a culture medium for use in conservation of
endangered freshwater mussels. However, the instant invention is highly
yelevant to management and conservation of commercial freshwater mussel specles
shells of which were used historically for making buttons and presently for
making nmuclei for cultured pearls.

Historically, Ellis et al (1926, Science, Vol. 54, No. 1667:

pp 579-580; and 1929 Trans. Awer. Tish Soc., Yol. 59: pp 217-223) claiwed to

have_obtﬁiﬂed transformﬁcion of freshwater mussel glochidia to young adult
mussels; however, if they did, nedther the process nor the composition of
matter was ever published to the extent thedir work could be reproduced. Tﬁe
research destribed herein utilized precesses and composition of matter
unavailable during Ellis's research and certainly during the period of thelr
purported successes.

Since each gravid mussel may have tens of thousands of glochidia,

it is obvious that if they could be cultured artifically there would be
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CULTURE OF FRESHWATER MUSSEL GLOCHIDIA IN AN

ARTIFICIAL HABITAT UTILIZING COMPLEX LIQUIDlGROWTH MEDLA

Abstract of the Disclosure

A process, and a composition of matter utilized therein,. to obiain
transformation of the glochidia of freshwater mussels to the juvenile stage.
In nature, glochidia normally transform while as parasites on fish. 'The
instant artificial process involves the use of cell culture and bacterfological
techniques to best.assure environmental integrity during the protracted

culture period. The composition of the media includes a combination of the

blood serum of fish and commonly available tissue culture fluids and inorganic -

salts. A nonspecific component of fish serum in combination with the media

supra was determined to be essential for glochidial transformation to juveniles

The invention herein described may be used by or for the Government

for governmental purpeses without the paymwent to uvs of any royalty therefor.
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ADVANTAGES OF THE INVENTION

|
|

°

] A primary advantage of the present invention over use of natural
| means of mussel propegation 1s that a mussel species host determination 1s

tunnecessary.. Tdentification of natural mussel fish host is made difficult,
1
i

i

!not only by the diversity of fish fmuna that have to be tested, but alsoc the

k)

!host jdentification is complicated by the fact that a true host may be rejected
L :

. due to natural immune responses. The presenf invention obviates this problem

, 6ince there can be no immune response development in the artificial cultures.
Another .advantage of the present invention is that & colony of very

rare or endangered mussels could be developed as a base for use in ultimate

.discoﬁery of a hbst fish for natural propagation. The invention has potential

application to management of commercial mussel species used in pearl culture.

Still another potential advantage of the present invention is that

1!unlike in the vissitudes of fature, where most glochidia arxe thought to die, -

b

l{thousands of glochldia released by a single female mussel could be growm for
Tultimate release or management.

i
|
!

) ' DESCRIPTION OF TRE INVENTION

The present invention will be better understood from a consideration
of the following description taken in connection with the accompanying

tsbulated data of the essential compositions of matter and the various steps

of the process used in carrying out the invention.

Composition of Matter Used to Transform

Freshvater Mussel Glochidia to Juveniles

! Complex Artificial Growth Medium (CAGM)
i

5 The complex artificial growth media, or CAGM as it will hereafter

. ﬁbe referred to for the sake of convenience, comprises (1) inorganic salts;

30

L (2) amino acids grouped as essentizl amino acids and nonessential amino acids;

(3) vitamins; and {4} glucose.

The composition of inorganic salts used in the CAGM 15 a modification

of the "unionid rinpers fluid" introduced by Ellis, Merrick, and Ellis (1930,

-
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significant commercial and écnservation poEemti&l. There appear to be no
historical data base other thén the claims of Ellis et al, supra, relevant to
the present invention,

Since glochidia parasitizing fish are konovn to obtaln some essential
stimulus and nourishment from the fish blood serum in order te transform from
the larval or glochidial stage to the young adult state, it was thought that
the best chance of artificial habirat culture was to simulate this complex
chewical enviromment in the artificial habitat. Thus, a complex medium was
developed which,xwhen combined with blood serum of fish in a process, was

found to be essential for glochidial transformation to the juvenile stage.

PRIOR ART
Biclogists have long recognized the parasitic relationship between
freshwater mussels and thetr Specific fish host. However, researchers in
this area apparently are not aware o»f any prior art specifically related to

transformation of glochidia of. freshwater mussels by artificial means.

" QBJECTS OF THE INVENTION °

It-is therefore an object of the present invention to develop a
method or process whereby glochidia of freshwater mussels can be handled
during an extended period necessary for their transformation to juvenile
mussels.

Another object of the present inventlon is to report development of

- a composition of matter essential to the transformation of freshwater mussel

glochidia.undcr artificial conditions,
5ti11l further and more genersl objects of the present invention will
appear from the more detailed description set forth in the following descrip-

tion and examples.
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Table 11 {continued)

Nonessential Amino Acids

.

- Concentration (mg/l1)
- Lompound Limits « Preferred

L - alanine 1-12 8.9
L - asparagine 1-15 13.2
L - aspartic acid 1-15 13.3
glycine 1-10 7.5
L - glutamic acid 1-20 14.7
L - proline 1-15 11.5
L ~ serine 1-15 10.5
taurine 3-35 31.0
L - ornithine 1-3i2 1¢.0

The vitamins present fn the CAGH, the same a5 those used by Eagle,

supra, for ecell and tissue cultuves, are shown in Table III below.

Table IIL
Vitamins
Concentration {(mg/l)
Compound . Limits Preferred

Choline chlorine 0.1-2 1.0
Folic acid 0.1-2 1.0
Inositol 0.2-4 2.0
Nicotinamide 0.1-2 1.0
Calcium pantohthenate 0.1-2 1.0
Pyridoxal 0.1-2 1.0
Riboflavin ¢.1-2 0.1
Thiamine 0.1-2 1.0

The remaining components in the artificial portion of the medium are

shown in Table IV below.

Table IV

Other Compounds

Concentration {me/l)

Compound Limits Preferred
Glucose . 100-1500 1000.0

Phenol red (optional) 1-15 16.0

The antibiotics and antimycotics used in the CACM are listed in

.Table V below.
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Bulletin Bur, Fish, Vol. 56, pages 509-542) and is found in Table I below.

Essential modification of the fluid included deletion of dibasic sodium

phosphate, and addition of 2.2 gm NaliCOs per 1000 williliters of unionid

rinpers fluid.

Compound

CaCls
MgCly,* 6Ho0
NaCl

Xc1
KalCOs

The amino acids

1959, Science, Vol. 130, pages 432-437) for cell and tissue cultures with the

exception of the addition of taurine and ornithine which are constituents of

Table I

Inorpanic Salts

Concentration {mg/l)

Limits

6001400
500-1200
700-1700
50-125
110G-2400

Preferred

126G
1000
1530

93
2200

in the CAGM are the same as those used by Eagle

fish blood, The amino acids are shown in Table IT below.

Compound

Table IT

Esséntial Amino Acids

-~ arginine
~ ¢ystine

- leucine

Iysine

- tyrosine
~ wvaline

[l il b ol w0l S Al il oo
§

~ histidine
- fsoleucine

- methionine

=~ phenylalanine
~ threonine

~ tryptophane

Concentration (mg/1)

Limits

10-120

2-26
3-35
5-55
5-55
660
1-20
3-35
5-50
1-12
340
5-50

Preferred




E'force) for 10 minutes folloved at 3000 rpm {approximately 1000lRCF} for 10
minutes, in a ¥efrigerated centrifuge, and the supernatant blood serum and a
few formed cellular elements, such as for example blood.cells are removed.‘
The antibiotics and an antimycotic are added to the serum in the same eoncen~—
tration as shown in Table V, supra. The serum should be pressure filtered
through a 0.45 um or smaller pore size filter as described in the process

below. This natwral portion of .the medium is used as 20-80 percent of the

total glochidial mwedium.

The Invention Process

Following selection of gravid mussels from their habitat, they
should be transported to the laboratory site in water obtained from the
immediate habitat area.

Upon receipt of the gravid mussels, a specimen is selected, the.
valves are pried open gently, and Qoth the anterior and posterior adductof
muscles are severed utilizing a sterilized knife blade or scapel. Gills
containing glochidia are severed with sterile surgical type scissors and
removed to a small beaker (250-500 ml) containing sterile deionized watar.

Use of déionized water is essential to prevent premature closure of the
glochidia, i.e., if they sense the presence of certain fons in the water,

for instance Ql-, they close up prematurely. At this point, all washing and
transfer work is conducted in a laminar airflow cabinee of the high-efficiency
particulate air (HEPA) filter type. Standard bacteriological and/or tissue
culture sterlle techniques are adhered to in all processing and'transfcr of
media and glochidia,

Glochidia are separated from the gill tissue to the extent préctical.
in some species the glochidia are in a2 mucoid or conglutinate mass. When
fully mature the glochidia should separate from this mass by agitation or
gentle movement in the defonized water utilizing tweezers.

The glochidia are washed several times with sterile deilonized water,

utilizing the following simple procedure. Set up a standard glass filtering

~fe
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Table V

Antibiotics and Antimycotic

_ A larger pore size will not retain all of the bacterla and a smaller pere

Compound Cencentration
Antibiotics )
Streptomycin sulfate 800 pg/il
Penicillin 6. sodium salt 800 U/fml
Oxytetracycline 50 ug/ml
Antimycotic
Amphotericin B : 5 yg/ml

‘The antibiotics and antimycotic concentrations noted in Table V,
supra, are the basie concentrations used in cell culture experiments. In our
experiments, it was determined that even four times or greater a concentration
can be used to control infection. All the agents listed in Table V are used
in the concentration noted in the basic medium éxcept oxytetracycline which
is only used to control bacterial Infections when penicillin and streptomycin

prove Ineffective. \

The above components (Tables I-V) are.comhined and 2.85 ml bf 1.25 1
NaOH added per 100 ml of CAGM solution to bring the pH up to the range of
zbout 7.8 to about 8.0. All of the above solutions are pressure filtered

through a standard Q.&S‘um cr less pore size membrane for final sterilization.

size makes filtration difficult; it clogs up prematurely. This complete
artificial portion, or pH adjusted CAGM with antibioti;s and antimycotie,
which is hereinafter referred to for the sake of convenience and conciseness
es pH-CAGH-AA, is used as 20-80 percent of the total glochidial medium.
Wnole fish serum serves as a natural protein source in the glochidial;
redium. Fish blood is cobtained by cardiac puncture of any number of fresh- |
vater fish including bass, catfish, carp, buffale, and suckers, with a sterile
syringe coated with sterile sodium heparin, in concentration of 1000 u/wml,
g1d a 1B gauge needle. We have found that a larger size needle will pick up
tisgues and a smaller size needle tends to rupture red blood vessels. The

lood is centrifuged at 1000 rpm (approximately 100 relative centrifugal
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the length of which, of course, varies with'cértain conditions such as
temperature as well as species of glochidi; being transfermed, the glochidia
mature to the Juvenile stage, after which some may be transferrved back to
natural habirat wherein same are allowed to further mature to adult wmussels,
Usually the protracted period for freshwater mussels ranges from about 14 to

about 21 2days.

INVERTION PARAMETERS

After sifting and winnowing through the data herein presented,
as well as other results and operations of our novel process including the

use of our new and novel compositions of matter utilized therein for ensuring

“the .transformation of glochidia of freshwater mussels to the juvenile stage

in artificial habitat, which processes and compositions of matter are
eminently suited to ensure environmental integrity during the artificial and
protracted cultural period and thereby effect significant commercial and

conservation management relations, the operating variables and preferred

- conditions for.carrying out our process wherein our new compositions of matter
{

:?are utilized therein are swmarized below.

-10-
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flask with a tube to fit a pasteur pipette. Attach a sterile pipette and
vacuum the water f£rom the glochidia. Add ﬁare water and swirl the glochidia
gently; vacuum water off again. Repeat this procedure several times to restore
tissue debris, dead glochidia, bacteria, and protozoa. At this point, the
glochidia are ready to be transferred to the complex media, described supra.

" Although it is not absolutely necessary, a gquick check of glochidial

condition and maturity can be accoumplished as follows: Transfer a few.
glochidia (up to 100} to 2-3 ml of artificial medium. The glochidia will
exhibit almost immedlate closure. Sixty to ninety percent or greater closure
indicates that the glochidia are in good condition and/or wmature.

All media should be tested bacteriologically the day prior to use
be culture on nutrient-Agar. Check the bacteriological samples the day of use
for positives. Filtraticn should be used to sterilize contaminated media,
or make new media. |

The growth medium is measured into tissue culture dishes of the
following types: either the 60 mm Qide by 15 wm deep, which are preferred, or
100 mm wide by 20 mm déep tissue culture dishes with suxface treated for cell
attachment and that are optically clear. Pipette 3 mls of media into the
60 mn wide dishes or 10 mis into the 100 mm wide dishes. Use a pasteur
pipette to transfer from 50-200 glochidia into each dish. Glochidia are then
transferred to an alrflow CO; incubator. The CO, incubator is essential to
control .the pH between about 7.2 to about 8.3, prefexabiy between about 7.2
and 7.4 since a carbonate buffer system is present in the media. Twenty-three
degrees Celsius should be used for incubation of the glochidia. '

In the initial cultures, centrifuged, unfiltered blood serum
can be vused in the medium. At least the first change of media can be with
' unfiltered serum. In order to keep dowm infections, pressure filtered
(0.45 ym) serum 1s preferved initially and is used thereafter. The culture

|
' media should be changed at least every three days, preferably by the use

;of a pasteur plpette attached to a vacuum source., After a protracted period,
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80:20 experimegtal replicates with 4 decreasing rate of development dowvm to
20:80. Development was infrequent in the 100:0, 10:90% and 0:100 dishes,‘

with no live glochidia by the fourth day. In terms of yield, a test involving
the same concentrations of serum with six replicate cultures each, produced

transformation only in the dishes with high serum concentration. See Tableé VI

below.
Table VI
Nuwber of Developing Glochidia in Six Repetitions
of Cultures at Different Concentrations of Serum
Percent of closed
- Percent ‘of glochidia .showing advanced
Serum concentration closed at one day _ transformation, e
{(in Z of total medium) range and mean (5x) range and mean {5x%)
0 51.0-68.3, 50.1 {2.3) g, 0 {0)
10 66.3-87.67 77.7 {3.6) 0, 0 {0}
20 ) 77.8-90.5, 84,7 " {2.0) ¢, 0 ()
40 73.9-90.2, 85.2 (2.5)  0-7.1, 2.1 (1.3)
60 80.3-93.1, 87.2 {1.8) 19.4-62.1, 33.8 (7.8)
.80 (only 3 BO.2-86.9, 83.3 (2.0) 44.6-57.8, 51.2 {3.8)

Teps}

The 20-80 percent serum allowed initial elosure ahd development
significantly higher than the 0 to 10 percent serum concentrations.
Additionally, the advanced transformation was best on 80 percent, decreasing

in 60 and 40 percent and absent in 20 percent.

While we have shown and described particular embodimenté of our
invention, modifications and variations thereof will cccur to those skilled in
the art. We wisg it to be understood, theyefore, that the appended claims are
intended to cover such modifications and variations which are within the true

scope and Qpirit of our invention.

-2~
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Variables : Range Preferred

CLey
Inorganic salts Hodified unionid Modified unjonid
ringers fluig ringers fluid
. Table I, supra Table I, supra
£=ine acilds Modified eagles Modified eagles
Table II,supra Table 11, supra

¥itanins Eagles Eagles
: Table I1X,supra Table 1iT,supra

Other compounds

CGlecose, mg/l 100-1500 - 1000
rhenel red, mg/1 1-15 10
#a0H (sufficient to adjust pH) 7.2-8.3 1.2-7,41
fazibiotics/Antimycotics (finzl solution)?
Streptomyein sulfate, pgfml 400-2000 800
Peaxleillin 6, sodium szit Cfuml 400-2000 800
Amohotericin B, pg/ml 1~25 5
Ozrtetracycline, ug/ml 50-300 50
Totzl blood serum, percent
Iritial culture 20-80 80
Tizmal culture . . 0~B0 20
Tozzl artificial wedium, percent
{(55-CAGH~AA) :
Iritial culture . 20-80 20
Finzl culture 20-100 80
frcubztor .
o5 " : 7.2-8.3" 7.2-7.41
Teperature, O 18.28 23
Zzte filtered air to incubator &/hr Sufficient to maintain

pH range, supra

Zzte COz to incubator, 2/hr ) Sufficient to maintain
pH range, supra

7.3 most preferred,
Ta CAGM, supra, or blood serus, infra, or both.

N

Fish blood serum was pecessary to stiwmulate development in 211
srscies tested. The concentrztion of this serum determined the rate of
£zvalopment as well as the nu—ber of glochidia developing. In the initial
meiius, B0 percent serun was wsed with 20 percent artificial medium, i.e.,.
PE-LAGAA.  Test cultures were rade varying the present scrum and artifieial
mElivz respectively as follows: 0:100; 10:90; 20:80; 40:60; 60:40; 80:20;

ZI3:0. In the above cases, ezrly development cccurred most rapidly in the

~11-
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" Inorpanic salts

1

Compound N Concentyration (mgfl}
CaCls 6001400
MgCla6H0 500-1200
RaCl 700-1700
XC1 50-125
NalCOa 1100-2400
Essential Amino Acids

‘ Compound Concentration (ng/l}
L = arginine 106-120
1, -~ cystine . 2-26
I, - histidine 3~35
L - isoleucine 5~55
L ~ leucine 555
L - lysine 660
L ~ methionine 1-20
L ~ phenylalanine 3-35
I ~ threonine 550
L -~ tryptophane 1-12
L ~ tyrosine 3-40
L ~ wvaline 5-50

Nonessential Amino Acids
Compound _ ~ Loncentration (ng/1)
t - alanine ~}=12
L -~ asparagine 1-15
1. ~ aspartic acid _1-35
glycine 1-10
L - glutamic acid 1-20
L - proline 1-15
L ~ serine 1-15
taurine 3~35
1. - ornithine 1-12
Vitamins
Compound ] Concentration {mg/1)
choline chlorine 0.1-2
folic acid 0.1-2
inositol 0.2-4
nicotinamide 0.1-2
calefum pantohthenate 0,1-2
pyridoxal 0.1~2
riboflavin 0.1-2
thiamine 0.1-2
Other cowmpounds

glocose 1060-1500
phencl red (optional)

1-15
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What we claim as new and desire to.secure by Letters Patent of the

United States is: - ' ot

i, & process f{or the transformation of glochidia of freshwater

mussels to the juvenile stage wherein the normal period of host specific

parasitism on fish is reproduced in an artificial habitat, which process

comprises the steps of:

(L

(2)

removing from gravid mussels the glochidia therein and transferring
same into sterile deionized water wherefrom are removed the
undesirable portions thereof including tissuve debris, dead
glochidia, bacteria, and protozoa;

removing at least a portion of the resulting decontaminated
glochidia from said sterile de-ionized water and transferring’

same into a mixture of complex sxtificial growth medium and

figh glood serum, said complex artificial growth medium having

an adjusted pH of about 7.8 to about 8.0 and said complex
artificial growth medium and said blood serum containing
predetermined guantities of antibiotics and antimycofics, saild
pixture of artificial growtk medium and blood serum ranging from
about 20 to about B0 percent and about 80 percent to about 20
percent, respectively; said predetermined quantities of antibiotics
antimycotics in sald artificial growth medium and said blood

serum ranging in concentrations therein as follows:

Compound Concentyation,
Antibioties

Streptomycin sulfate £00-3200 V¥g/ml

Penicillin €. sodium salt 800-3200 U/ml

Oxytetracycline 50-200  Mg/ml
Antinycotic

Amphotericin B 5-20 Hg/ml

and said complex artificial growth medium comprising predetermined
quantities of inorganic salts, amino acids, including essential
amino acids and nonessential awino aeids, vitamins and other

compounds inmcluding glucose as follows:

-13-




2. The process of claim 1 vherein tﬁe initial culture mediuvm
subjected to said incubation means cont&iés about 40 to 20 percent by weight
- complex artificial growth medium and about 60 percent to about 80 percent by
weight blood serum, wherein said culture medium'proportions are adjusted
during subsequent substitutions thereof in said incpbation means such that
the final concentration of said mixture ranges from about 80 to about 60

percent artificial complex growth medium and from about 20 to about 40 percent

‘blood serum.

3. The process of claim 1 whevein the initial culture medium
subjected to said incubatien means contains about 20 percent by weight complex
artificial growth medium and about BO percent by weight blood serum, wherein _
sald culture medium éro%ortions.are adjusteﬁ during subsequent substiturions
thereof in said incubation means such that the final concentratiom of said
uixture contains about 80 percént artificial complex growth medium and about

20 percent blood serum.

4. The process of claim 1 wherein the inorpanie salts, amino acids,
vitamins, and other compounds in said artificial growth medium are as

follows:

-1
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(3)

(4}

)

subjecting s2id glochidia in said ‘mixture of artificial complex
growth medivm and said blood serum to incubation means wherein the
temperature is maintained from about 18°C to about 28°C and wherein
carbon dioxide enriched air is introduced and withdrawn in suffi-
cient quantities o effectively control the pH in sald mixture in
the range from about 7.2 to about 8.3;

subsequently 2nd periodically removing from contact with saild
glochidia the resulting culture medium comprising said mixture

of compléx drtificial growth medium and blood serum and substituting
therefor a quantity of fresh culture medivm, the length of time
between said pericdic substitution of fresh culture medium ranging
from about 1 to about 3 days and the number of substitutions being
sufficient to ensure the maturing of said glochidia to the juvenile
stage; and . ‘

subsequéntly Temoving from said incubétion means the resulting

juvenile mussels and returning same to natural habitat.

-15-




5. The process of claim 4 whereig the initial culture medium
subjected to sald incubation ﬁeans contains about 40 to about 20 percent by
welght complex artificial growth medium and about 60 to about 80 pe%cént bf
weight blooﬁ servm, wherein said culture medium proportions are adjusted
during subsequent substitutions thereof in said incubatfion means such that
the fipal concentration of saild mixture ranges from about 80 to about 60
percent artificial complex growth wedivm and from about 20 to about 40 percent-

blood serum.

6. The process of claim 4 wherein the initial culture medium

subjetted to said incubation means contains about 20 percent by weipght complex

artificial growth medium and about 80 percent by weight blood serum, wherein

said culture medium proportions are adjusted during subsequent substitutions
thereon in said incubation means such that the final concentration of said
mixture contains about 80 pevcent -artificial cowplex growth medium and about

20 percent blood serum.

7. The process of claim 1, or 2, or 3, or 4, or 5, or 6 wherein
the temperature in said imcubation means is maintained at about 23°C and
wherein the pH of the culture médium therein is maintained in the range of

about 7.2 to about 7.4.

-18-
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Lompound

CaClz
MgCla " 6Ho0
NaCl
XC1.
NaliCOs

Incrganic Salts

Concentration (mg/l1)

1200
1000
1530

99
2200

Essential Amino Acids

Lompound

arginine
cystine
histidine
isoleucine
leucine
lysine
methionine
phenylalanine
threcaine
tryptophane
tyrosine
valine

Concentration {mg/1}

Honessential Amino Acids

alanine
asparagine

I. = aspartic acid
giycine

L -~ glutamlc acid
L - proline

L - serine
taurine

L - ornithine

Compound

choline chlorine
folic acid
inositol
nicotinamide

caleivm pantohthenate

pyridoxal
ribofliavia -
thiamine

Compound

glucose
phenol red {(optional) 10.90

[

 a

.

QD= O DWW
DO AW =2 Ln WD

3 b b b

Vitamins

Concentration, (mg/l)

. R
DEOQOO00C

[ e
.

T

Other Compounds

Concentration, (mg/1)
1000.0

e} T
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Inorganic Salts

L - alanine

L ~ asparagine

1 — aspartic acid
glyeine

L - glutamic acid
L — proline

L ~ serine
taurine

L -~ ornithine

Vitanins

Compound

choline chlorine
folic acld

inositol

nicotinamide

calcium pantohthenate
pyridoxal

tiboflavin

thiamine

Other Compounds

Compound

glucose
phenol red (optional)

=0

Compound ° Concentration {(mg/l)
Callz 600~ 1400
Mglla-6HZO 500-1200
HaCl 700-1700
KC1 50-125
NaHCOz 11002400
Essential Amino Acids

Compound Concentration (mg/l
1. - arginine 10-320
L - cystine 2-26
I ~ histidine 335
L - iscleucine 5-55

" 1 — leucine 5-55
L - lysine 6-60
L =~ methionine 1-20
I, ~ phenylalanine 3-35
1, - threonine 5-50
L -~ tyyptophane 1-12
L - tyrosine 3-40
L - valine 5-50

Nonessential Amino Acids

Compound

Concentration (mg/l)

1-12
1-15
1-15
1-10
1-20
1-15
1-15
335
1-12

Concentration (mg/l)
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8. A new composition of matter eminently suitable for effecting
transformation of glochidia of freshwater mussels to the Juvenile stape wherein
the normal period of hest specific parasitism en fish 1§ reproduced in an

artificial habitat, said composition of matter comprising a mixture of complex

artificial growth medium and fish blood serum, said complex artificizi growth

medivm having an adjusted pH of about 7.8 to about 8.0 and said complex
artificlal growth mediuvm and said blood serum containing predetermined
quantities of antibiotics and antimycotics, said mixture of.artificial growth
mediue and blood gerug ranging frow about 20 to about 80 percent and about

80 percent to about 20 percent; respectively; saild predetermined quantities of
antibiotics and antimycotics in said artifieial growth medium and said blaod

serum ranping in concentrations therein as follows:

Compound ' Concentration
Antibiotics
Streptomycin sulfate ot BO0-3200 ypg/mi
Peniciliin G. sodium salt . 800~-3200 U /ml
Oxytetracycline 50-200 pgfml
Antimycotic
Amphotericin B : 5~20 yg/ml

and said &omplex artificial growth medium comprising predetermined gquantities
of inorganlc salts, amine acids, including essential amino acids and non~
essential amino acids, vitamins, and other compounds including glucose as

follows:
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Compound

CaCl,
MpCla 6Ho0
NaCi

KC1
RaliCls ’

Essentisl Awmino Acids

Lowpound

- grginine

~ cystine

~ histidine

« isoleucine
=~ leucine
lysine

~ methionine
- phenylalanine
= threonine

- tryptophane
- tyrosine

- valine
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Honessential Awino Acids

Concentration (me/is

1200
1000 :
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Concentyration {mell)

1G5
24
3
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52
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15
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36
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L = alanine .

L -~ asparagine

L -~ aspartic acid
glycine

L =~ glutamic acid
L ~ proline

L =~ serine
taurine

L - ovnithine

Vitaming
Compound

choline chlorine
folic acid

inositol
nicotinamide

calcium pantohthenate
pyridoxal

ribofliavin

thiamine

Other Compounds

Compound

glocose
phenol red {optional)
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9. A new compositien of matter eminently suitable for effecting

? transformation of glochidia of freshwater wussels to the juvenile stage wherein
the normal period of host specific parasitism on fish is reproduced in an
artificial Wabitat, said composition of matter comprising a mixture of complex
: artificial growth wedium and fish bloed serum, sald complex artificial growth
mediur having an adjusted pH of about 7.8 to about 8.0 and sald complex
artificial growth wedium and said blood serum containing predetermived quanti-
ties of antibiotics and antimycotics, said mixture of artificial grovith medium
; and blood serum ranging from about 20 to about 80 percent and about 80 percent
W to about 20 percent, respectively; said predetermined quantities of antibiotics
and antimycotics in said artificial growth medium and said blood serum ranging

;in concentrations therein as follows:

Compound . . Concentration
Antibiectics ,

Streptomycin sulfate 800-3200 yug/ml

Peniciliin ¢. sodium salt . 800-3200 U/wml

Oxytetracycline 50~200 wyg/wml
Antimycotic

Amphotericin B - 5-20 yg/ml

and sald complex artificial growth medium comprising predetermined quantities
of incerganic salts, amine ﬁcids, including essentisl amino acids and

nopessentlal awino aclds, vitamins, and other compounds inciuding glucose

as follows:
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