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FINAL REPORT
ON

CONTRACT NAS 9-10947

This is the final report of the performances on the N.A.S.A.
Contract NAS 9-10947 entitled:

DEVELOPMENT OF GERM-FREE PLANTS AND TISSUE CULTURES

This contract was awarded to the University of Houston with
Dr. S. Venketeswaran as the Principal Investigator. This contract
was a continuing effort of the bctanical program for experiments at
the Lunar Receiving Laboratory, M.S.C. It started on June, 1970
until September 1, 1972. The title of the contract remained unchanged.

This Contractor has fulfilled all the obligations as required by
the Technical Monitor for fulfilling the experiments on the Apollo
program. Four scientific publications and © presentations at ational
meetings have resulted from this contract.

The final report consists of the Progress Reports and comments.




FINAL COMMENTS ON CONTRACT NAS $-10947

At the end of September 30, 1972, this contractor rgquééied
an extension of this contract until December 31, 1972 withoﬁ£ ény
additional funding. The reason for this reqﬁést was based bn:

(1) fulfilling supply of plant materiél/tiéSde.culture

for performing experiments on the Apollo 17 lunar

samples- with no additional funding

(2) maintaining the liaison between the University of
Houston and the Botany Program at the Lunar Receiving

Laboratory, Manned Spacecraft Center.

The contract was terminated as of December 31, 1972. All the

reports requested in the contract have been submitted.

This is the final Report on this Contract, NAS 9-10947.

Respectfully submitted,

S. Venketeswaran
Associate Professor
Principal Investigator




Capital Equipments

No major capital equiments were boﬁght under this N.A.S.A.
Contract NAS 9-10947. éapitai equipments bought or provided
by N.A.S.A. under earlier Contracts to the Principal Investigator

were used.
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Papers Published under this N.A.S.A. Contract NAS 9-10947

1. wWalkinshaw, C. H, S., Venketeswaran, et al. (1972). Effect
of Lunar materials on plant tissue culture. Space Life
Science 11, 119-131.

2. Walkinshaw, C. H., P. H. Johnson and S. Venketeswaran. 1972,
Elemental abundances in callus tissues of carrots, rice,
soybean and tobacco. In vitro 6: 391-396.

3. Yeete, J. D., S. Venketeswaran and J. L. Laseter. 1971. two
populations of aliphatic hydrocarbons in teratoma and
hgbituated tissue cultures of tobacco. Phytochem. 10:
939-943.

4. Walkinshaw, C. H., H. C. Sﬁeét, S. Venketeswaran and
W. H. Horne. 1970. Results of Apollo 11 and 12 Quarantine
studies on plants. Bioscience 20: 1297-1302.
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Papers Presented at the Annual Meetings during this Contract
NAS 9-10947.

1971

!

Walkinéhaw, C. H. and 8. Venketeswaran. Usefulness of
pine tissue cultures in forestry and space research.
In vitro 6: p. 378.

1970 -~ venketeswaran, S. et al. Development of the Botany
Protocol for the Apollo Mission. Am. J. Bot. 57, p. 736.

1970 - Venketeswaran, S. et al. Studies on Tissue Cultures of
Higher Plants after Exposure to Lunar Soil after Apollo 11
and 12. Am. J. Bot. 57, p. 736.

1970 - Sweet, H., Walkinéhaw,'c H. and S. Venketeswaran -
Reactions of Several Species of Lower Plants to Lunar
Materials, am. J. Bot., 57, pp. 736.

1970 - Mahlberg, P., et al. and S. Venketeswaran. Ultrastructural
observations on plasma membrane related invaginations in
cultured cells employed in the Lunar test systems for
Apollo 12. am. J. Bot. 57, pp. 637.

1969 ~ Venketeswaran, S. et al. Plant tissue cultures for the
Lunar Botany Program. X1 Internat'l. Bot. Congress. p. 228.
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II.

Abreviations

Media = protocol are included in report.

Mod muk = modified

Murashige and Skoog

SIK = SU + IAA + Kinetin

K = Knudson

10XW =10 X White
1xW = 1 X White
Hoég - Haogland;s
i1 = Heller's

V = Voth

MIK = Modified MUK
Cultures:

PTA =
lioB =

+ IAA + Kinetin

Pteridium aqualium
Todea barbara

Lycopodium cernum
Marchantia polymorpha
Pinus lambertiana

Pinus palustris

Pinus elliottii

Dancus carota

Sunflower = Helianthus annus
Soybean =‘Glycine soja
Haplopappus gracilis

ol
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SHIPMENTS TC N.A.S.A, : ‘Husber pate
bDate Cultures Media Taken Last Transfer
" June 11, 1970 " PTA Knudson = 48 6/ 9
Thursday Soy sv ‘12 5721 6/ 2
Sun sV 12 s/ 6/1
Cazrot Y &8 e/ 4 S/21
Hoplopappus 'S8V |26 6/ 2 5/21
Total = 144 cultures |
. |
June 16, 1970 Rice Hellers .. @5 6/15 6/ 8
- Tussday . peA Rnudgon 52 6/15
tDB Knudgon  297. /15
L Cor - Knudson {26 6/15
Totsl = 192 cultures o
June 24, 1970 8oy - .  gv 23 6/12
Wednosday ' sun gy 30 6/1-6/2
Pine - ' pod. muk. 30. 6/ 4
: sv . 200 -
Mod. Muk. 50
10x W 48
1xw .50
Hellers 150
Total = 73 cultuxes: 39@ bottles otm g
l
June 30, 1970 TDB  Enudson (1267 /11 €18
Zussday . Soy sy }Qﬁza 6/17 .
| ~ b.C - .8m . 32 e/ 4
' Catrot 8y - b6 s/27

' Total = 9¢ cultures

-y e . E
Ly D .
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SHIPMENTS T0 N.A.S.A. (continued)

Date

July:8, 1970
Wednesday

Total

vuly 13, 19870
Monday

Total

saly 14, 1270

Tuesday

Total

Jaly 15, 1970
Wednesday

Total

July 16, .1970
Thursday

Cultures

Soy
Sun
D.C
Carrot
Rice
PYA

= 261 cultures

= 450

Marchantia
PtA

TDB

L Cer

302 cultures

PTA

PTA

PTA

PTA

TDB

L Cer
Marchantia

Total = 172

Nu gex -

Media Talen
3Y S
sv 32
SIK hE
SV
Heller's <
Knudson's
Hoagland's £
Knudson's -G
Knudson's 9
Knudson's :
Knudson's I
SIK 100
SuU 200
Knudson's 45
sv 200
Knudson's 120
Knudson's 78
Knudson's 21
Knudson's 7
Knudson's 13
Knudson's by |
Hoagland's 32

and
Voth's

Last

Date
Transfer

6/17
6/23
5/21

6/25 6/26

6/ 2

6/ 4

6/22
6/ 9

7/ 8
7/ 9
7/ 9
7/ 9

‘7/15

7/15
7/14
6/ 9
6/18
6/10
6/ 6

6/10

7/10
7/10 7/13
7/10
/10

7/16
7/15



SHIPMENTS TO N.A.S.A. (continued) .- 10
Number Datar

Date Cultures | Media _ Taken Last Tramsfers
July 21, 1970 pnote: Media was made in Mason jars, 100 mls per jar, in
Tuesday order to run a pilot test on new procedures of

+  decontaminatiqn, . .
-« Soy , sV 1 1/21
' .Sun sv 1 7/21
Carrot sv 1 1/21
Haplopappas sv 1 7/721
Rice Heller's 1 1/21
Pine : Mod. Muk. 1 /21
Corn Wlx 1 /21
To b W10 X 1 /21
D.C SIK 1 2
PTA Knudson's 1 1/21
L-Cer knudson's 1 21
™B - Knudson's 1 2
Marchantia Hoagland's 1 7721

Total = 13 cultures (in Mason jars)

¢
July 28, 1970 Soy sV 100 7/26
Tuesday . To b loxw 12 7/28

Note: Special transfers for Dr. Weete's experiments;
portions of each mpther culture were frozen as
trangsfers wera being made, in order to have zero
time for the experiment., . - '

Total = 220 cultures




SHIPMENTS TO N.A.S.A. (continued) 11

: Number - Date
Date Cultures : Media taken Last transfer
Jly. 30, 1970 Okra sv 184 6/11 7/15
Thursday Soy ' sv 48 - 1/26
Sun sV 36 7/28

Tbtal = 268 cultures

Aug. 3, 1970~Monday
Note: Media preparations began for mission ready cultures

and contamination checks for these cultures.

sv 300
Heller's _ 100
Mod. Muk. 100

Total = 500 bottles of media

- T

Aug., 4, 1970 - SIK _ 100
Tuesday Knudson's 200

'Total = 300 bottles of media

" Aug. 7, 1970~Friday
Note: Contamination checks were completed on all requlred‘

cultures for the mission,

Soy sv , 80 8/5- 8/17
Sun sv 80 8/5 8/7
Carrot . 8V 80 8/5 8/7
i Rice . Heller's 80 8/5 8/7
| Tob Hab 10 X W 80 8/5 8/7
D.C. " SIK 50 8/5 8/7
Okra sV : 80 8/5 8/7
Hap. sv 50 8/5 8/7
Tomato sV 50 8/5 8/7
Pine L. Mod. Muk. 50 8/5 8/7
Pine P, - 80 8/5 8/7
, Pine E. | 50  8/5 8/7
g PTA Knudson's 80 8/5 8/7
3 TDB - Knudson's 80 8/5 8/7
' L Cer Knudson's 80 8/5 8/7
Marchantia Voth 80 8/5 8/17
l




SUBCULTURING AT N.A.S.A.

SUBCULTURING AT N.A.S.A. 12
Date Culture ° Media Number

July 13, 1970 Soy sV 143
Monday sun ' sv 26

July 14, 1970 Carrot sv 45
Tuesday Sun sV 88

July 15, 1970 D.C. | SIK 112
Wednesday _ Carrot 85

July 16, 1970 ~ Rice Heller's 122
Thursday

Note: All necessary poly-propalyne was prepared at
University of Houston and carried to N.A.S.A.
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New Culture Initiation

Routine surface ster;lizatxon and seed germination procedures
were followed.,

[
Seedlxng Section - Media Numbex
Okra stem 6h SV media : 25
Okra root . oh SV media 25
Okra stem on  MIK media 10
Okra root on MIK media 10
. IT. Lettuce =~
Lettuce stem on SIK media 20
Lettuce root on SIK media 16
Lettuce stem on SV media 25
Lettuce root on SV media 2 25
Lettuce stem  on 1xw _ 37
Jeettuce root on 1XW 21
IXI, Tomato
Tomato stem on sV 50
. Tomato root on sV : 50
IV. Popcorn
Popcorn stenm on lXWw 50°

Popcorn roots on l1XW 50
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- 8.FV.. USPIUM  (Modified from Murashige and Skoog, 1962) 14

.
t

Macronutrients

(ulm§m3
xuoa

(2) CaClz.Zazo

(3) 1ig80,.74,0

(4) Na,KUTA
rcsoé.7uzo

g}cxonutrﬁent&

(S) #nSO,.1,0
ZnSO4.7ﬂzo
H3303
'CuSQ‘.Snzo
nazuoo 4 zuzo
'C0Q13.6“20
thls
lliClz . 6“20
KX
Vitamins and
azino aéids
(6) wWicotinic acid
‘ Thiemine HC1
Pyridoxine HCl
Glycine

(7) Naa

(6) 2.4-p

(9) Yeast Bxtrect

(10) Coconut HMilk

(11) Ascorbic acid

(12) Sucrose

(13) Agar

Stock

Solution,
gn/liter

82.5
95.0
88.0
74.0
34.0

7.45
5.57

4.5
1.5
1.9

008

. 0.25

 0.005
© £.003

0.003

0.001

"0.5
0.1
0.1
3.0
0.175
0.221
1

50.0

30
10

! TISSUES CULTURED ON MEDIUM: SUNFLOWER; CAPFOT;

SOYBEAN, HAPLOPAPPUS

8tock

Solution,

rl/liter

of madium

20.0

5.0
5.0

5.0

1.0

1.0

i

1.0
1.0

-Pinal con-~

centration,

ng/liter

1650.0

19095.00
'440.0
370.0 .
170.0

37.3
27.8

4.5
1.5
1.5
0.04
0.25
0.605
0.0063
0.093
0.001

0.5
0.1
0.1
3.0
0.175
0.221
0.18

10%

50.0
a8
18
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S5.V. MEDIUM AND IAA AND KINETIN

TISSUE CULTURED ON MEDIUM: DANCUS CAROTA

pli 5 «e5=8 +0
' Stock
Stock Solution Final Con-
Solution, ml/liter centration

* Major Solution gm/liter of medium mg/liter
(1) NH, O, 82.5 20.0 1650.0
KNO, 95.0 - 1900.0
(2) - caCl,.2H,0 88.0 . 5.0 440.0
(3 MgS0,.7H,0 74.0 5.0  370.0
| KL, PO, 34.0 ' 170.0
(4) uazébwa 7.45 5.0 37.3
PeSO,.7H,0 5.57 . 27.8

4°°72
Micro Nutrients

(5) ﬁnsoé.uzo 4.5 . | 4.5
2050, . 7H,0 1.5 _ 1.5
H4BO, , 1.5 4 1.5
Na,M00, . 2,0 0.25 0.25

CoCl . 6H,0 "~ 0.005 7 0.005

AlCl, 0.003 ‘ ‘ 0.003

NiCl,.6H,0 0.003 0.003

KI 0.001 . 0.001



S.V. MEDIUM AND IAA AND KINETIN

TISSUE C

(6)

Major Solution

Vitamins and
anino Anids

Nicotinic acid

" Thiamine HC1

(7)
(8)

-(9)
(10)
(11)
(12)

(13)

Pyxidoxine HCl
Glycine

NAA
234-0

Yeazt Extract
Cocomut Hilk
Ascorbic Acid
Kinetin

IAA

Buozese.

Agaxr:

ULTURED OW MEDIUM DANCUS CAROTA

' Stock
solutien,
an/iltex

0.5
0.1
c.1
3.0
0.175
0.221

0.1
50.0
0.04

2.0

40

Steck
Sclution
ml/liter

of medivm

1.0.

1.0

1.0

100.0
1.9
1.0

1.0

16
(continued)

Final Conc-
ensration
ma/lite’

0.5
0.1
0.1
3.0

0.175
0.221

0.1%
108
50.0

0.04

2.0



MODIPIED MURASHIGE AND SKOOG MEDIUM .17
TISSUES CULTURED ON MEDIUM: PINUS PALUSTRIS

PINUS LAMBERTIANA

PINUS ELLIOTTII

pH 5.7-5.8
AI
Stock ‘
Stock solution, Final con-
Solution, /Ll liter centration,
Major Selution gm/liter - of medium mg/litex
" {1) NH4N03 16.5 . : 1650.0
KN03 19.0 100.0 - © 1900.0
CaCl,.2H,0 4.4 _ 440.0
ngso4.7uzo 3.7 : 370.0
§azpo4 1.7 ' 170.0
(2  Na,-EDTA 7.45 5 37.3
FeSO4.7HZO 5.57 | 27.8
Minor Solution
(3)  HBO, 6.2 . : 6.2
unso4.4uzo 22.3 22.3
2n804.4320 ’ 806 100 - 8.6
KI - ~ 0.83 0.83
Naznoo4.zuzo 0.25 _ . 0.25
Cuso‘.SHzo 0.025 . 0.025
c°c12.6n20 0.025 : 0.025
Vitamins and
Amino acids
(4) Nicotinic acid 0.5 . 0.5
Thiamine ECl 6.1 0.1 0.1
Pyridoxine HCL 0.1 . 0.1
Kinetin 0.5 0.5
‘5) . 204-0 ' 5 100 . 5.0
(6) Inositol . 100 1.0 100.0
(7) Asparagins 100 1.0 100.0
(8) Ascorbic acid 50 1.0 ' $0.0
(9) Sucroge 30 33

(10) Agar 190 : . 1.0%

‘i
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HELLER'S MEDIUM
TISSUES CULTURED ON MEDIUM: RICE

pﬂ: 505'6.0

~Stock
Stock Solution Final con-
' Solution, ml/literxr centration,
(1) Major Solution gn/litexr of mediun mg/litex
KCl © 100.0 - 7.5 | 750.0
Nan0,4 100.00 * 6.0 600.0
MgS0,.7H,0 100.0 , 2.5 250.0
NaH,PO, .H,0 10.0 12.5 125.0
CaCl,.2li,0 10.0 7.5 ' - 75.0
Fec13.6320 1.0 1.0 1.0
(2) Minor Solution
znsoé.7uzo - 1.0 | 1.0
H,B0,4 ' 1.0 1.0 1.0
Mnsoa.euzo 0.01 0.01
CQ804.§820 . 0.03 , 0.03
AlClj* 0.03 ’ 0.03
NiClz.Gﬂzo 0.03 0.03

KX 0.01 - © 0.01°



ﬁ{3}

{4)
{5)

- {8)

A7)
(8)
{9)

19
s
HELLER'S MBDIUA
TISSUES CULTURED OM MEDIUM: RICE {continued)
pi: 5.5-6.0 | o
_ Stock
- Stock . 8olution Pinal con-
Vitamins and Eolution, ml/liter ceatration,
Amino acids gr/litexr - of mediunm ng/litex
'~ Glycine 3.0 o 3.0
Thiamine HCl 6.5 1.0 0.5
Micotinic acid 0.5 0.5
Pyridoxine 0.5 : 0.5
D,L-Txyptophana 60,90 1.0 | ' €9.0
2,4-D 2.0 1.0 2.0
Coconut milk 100.00 193
Yeast extract : | 0.59%
Sucrose ' 30.0 g/l : 38
AgaI 800-1000 g/l 008%’1%

“The macroelenenta (KCl, NatlOo3, NaS0,4. 7320) are very
solubise (100 g/l but these stock solutzons are xelatively -
concentrated. The others (NaHzP04.H20, and CaCly.<2iH20)

re less goluble and so should be kept in more dilute
solutions {10 g/l).

The minorx elemnnts with exception of FeClj.5H30 arxe
grcupad together into one solution and one ml of the stock
solution is used to make a liter of media. The €eric
chloride is kept in a separate solution because it causes
precipitation when grcup&d with other minor aelements.” '
(Ro Je Gauth@xeti 1959)0 .




MURASHIGE AND SKCOG MEDIUM + IAA + KINETIN

TISSUL CULTURED ON MEDIUM: Egghozbia

Major Soluticn

PE‘ §o$"6oo

- Solution Componant

(1}

NH _ﬂNO 3
KO,
CaClz.Zazo
M9804.7H20

X" POé

2

(2)

ﬂaz—EETA

F@504.7HZO

(3)' Minor Soluticn

Sclution

B0
LinSO
ansS0
KIV

Component

3.

. 4.0

2

504320

4

-

EaZMcoé’ZEZO

Cus0

3
4ovH20

C@@lg.ﬁﬁZO

Etock
Stogck Solution
Seliutisn, ml/literx
gﬁ/liiag 0f medivn
15.5
19.0 165.0
4,4
3.7
1.7
7.45 5.0 .
5.57
Sﬁock .
Stock Solution
Solution miflicer
gg{liter of mediun
6.2
22.3
8.6 1.0
0.83
.25
0.025
0.025

Final con-
cantration

na/liter

1658.0
1900.0
440.0
370.0
170.0

37.3
27.8

Final con-
centration
mg/liter
e )

R (0'02'-

22,3

8.6
0.63
0.25
0.025
0.025
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(4)

Vitamins and
2nino acids

Solution  Component

(5)
(6)
)
(8)
(2)

(10)

ﬁigétinic acid.

Thiamine HCl
Pyridoxine HC1
Kinetin

IAA

Kinetin |
Ascorbic acid
Myoinosital
Sucrosge

Agar

o Stock
Stock Solution
Solution ml/liter
.gm/litex of medium
0.5
0.1 1.0
0.1
0.5
2.0 1.0
.04 1.0
50.0 1.0
100.0 1.0
30.0
10.0

Final con-
centration

mg‘liter

0.5
0.1
0.1
0.5
2.0
0.04
50.0
100.0
3
1%



(1)
(2)
(3)
(4)
(5)

(6)

(7)
(8)

22

KNUDSON'S MEDIA

TISSUE CULTURES ON MEDIUM:

- LYCOPODIUM CORNUUM (CLUB MOSS)

PTERIDIUM AQUALIUM (FERN)

TODEA BARBARA (FERN)

. S-GQIO
' Stock .
Stock Solution Final Con~
I Solution, . ml/liter centration
Major Solution  gm/liter of medium - mg/litex
Ca(no,), 100 10 - 1000
K2H§Q4 25 10 | A250
Mgso4;7nzp 25 10 250
(NH4)2SO4 5 10 _ 50
FePO4 5 . 10 50
Minor Solution (SV Minor)
Mnso4.H20 4.5 o 4.5
ZnSO4.7H20 1.5 1.5
H3BO3 1.5 H 1.5
Na2M004.2H20 0.25 ' 0.25
CoCl3.6H20~ 0.005 : 0.005
A1C13 0.003 0.003
NiClz.Guzo 0.003 , 0.003
KI 0.001 ‘ 0.001
Sucrose 20 - 289
- Agar 10 190 0
uzo up to 1 liter

Note: FePO, diséolves in conc. HCl 1g/10 mls.
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HOAGLAND'S MEDIUM (X% STRENGTH)

TISSUES CULTURED ON MADIUM: MARCHANTIA

pH 6.5-7.5
Stock
_ Stock Solution Pinal Conc-
Solution, - ml/licer centration
Major Solution gr/liter " of medium na/liter
(1) Ca(Nog), . 164 i 1.25 205
(2) KN03 101 o 1e25 '126.25
(3) KH, PO, 136 . 0.5 68
(4) Mgso4 - 120 - 0.25% 40
(%) FeCl,.6H,0 1.0 1.0 1.0
Minor Solution
(6) H,BO, 2.86 S 2.8
 MaCl,.4H,0 1.8 1.0 1.81
Cuso, . 58,0 S 0.08 0.08
(7)  Sucrose 20 v 2%
' .
(8) Agar . 10 ' | 18

H,0 . g to make:I:lites

. —-——



(1)

f .y 24
VOTH MEDIUM

TISSUES CULTURED ON MEDIUM: MARCHA&TIA

pH 6.5 - 7.5

Major Solution

KNO

3

(2) Ca (N03)2
(4) Kﬂz P04
(5) Mg SO,
(6) Sucrose
(7) Agar

azo
Refexenca:

Voth, Paul D.

Stock

Stock _ Solution
Solution, ml/liter
gm/liter - of medium

50.56 . 1.66
164.16 '1.44
148.41 1.2

68.04 0.8
120.50 1.6

20
" 10

¢t0o make 1 liter

Effects of Nugrient-Solution Concentration on

" the Growth of Marchantia Polymorphia. The Botanical

Gazetts,

10" No. 4' 591 - 601- )



(1)

(2)

(3)
(4)

(5)

(6)
(7)
(8)

(9)

(10)

TISSUES CULTURED ON MEDIUM:. CORN

pH 6.1-7.0

Macroelements

Ca(NO3)
Nazso4
KNO3
KCl
Naﬂz

MgSO4.7H

2 2

PO4. H,0

o

2
2

Microelements

.4H.0

Znso4.7H20

ﬁn804.4H20
H3BO3
K1

Cu804.5320
Na2M004.2H20
FeC13

IAA

Vitamins and

Amino acids

Glycine
Thiamine HCl

Nicotinic acid
- Pyridoxine

Coconut milk

Yeast Extract

Sucrose

2'4-0
NAA
Agar

WHITE'S IX MEDIUM

Stock
Solution,

gn/liter
6.0
4.0
1.6
1.3
0.33
14.4

3.0
7.0
1.5
0.75
0.001
0.25
1.5
1.0

5
20

FOR INITIATION OF CALLAS:

1.0
‘1.0
10

Stock
Solution,
ml/liter

50.0

1.0

1.0

. 100.0

25

’

Final con-
centration,

mg/liter
300.0
200.0
80.0
65.0
16.5
720.0

3.0
7.0
1.5
0.75
0.001
0.25

1.5
1.0

3.0
0.5
0.5
0.5

10%
0.5%
23

1.0
1.0
1.0%
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I.

II.

MM
SIK
sv
K
10XwW
1xXw
Hoag .
H

v
MIK
GAB
thio

Cultures:

. PTA

TOB
ICer
March
Pine L.
Pine P.
Pine E.
D.C.
Sun,

Soy

Hap

Hab. tob
tera tob

Abbreviations

Media: (protocols_are included in report)

Modified Murashige and Skoog (MOD MUK)
SV + IAA + Kinetin ‘ : :
Modified Bonner
Knudson

10 X WHITE

1 X WHITE
HOAGLAND'S

- HELLER'S

VOTH

Modified MUK + IAA + Kinetin
Sabouraud broth _
Thioglycolate broth

Pteridium aqualium
Todea barbara

Lycopodium cernum
Marchantia polymorpha

Pinus lambertiana

Pinus polustris

Pinus elliottii .
Dancus carota (wild carrot)
Sunflower = Helianthus annus
= Glycine soja

Soybean
Haplopappus gracilis

Habitgated tobacco
teratoma tobacco




Date Cultures

September 2, 1970
Wednesday sSun

Soy
Hab

Lettuce

Total.-

NunibeY
Media “Yaken

sV 93
sv 33
10w 64
sv 3

4

193 Cultures

Othex Items:

Ether =
PTA
PTA

September 4, 1970
FPriday

tobacco

. September 7, 1970
Vonday Soy

Sun

" Pine

September 10, 1970
Thursday Okra

Pine L.

»

September 21, 1970
Mchnday Hab tob

Okra Stem

D. Carrot

for research

6 1/4 jaxrs

for xesearch 9.Q'g
(1ypholyzed) axy wt.
for researxch- . |
5.24 g fresh wt,

28
Last
Transf.

Purpose Date

Back-up 8/31
Back-up 8/28
Back-up 8/14

for
research 8/ 5

Marchantia for research .3.2 g dry wt.

for research .5.21 g Qry wt.

sv 86
sV 74
mmn 50
sv 65
mm 55
10xH 35
sv 165

SIK 29

Back-up 9/ 4
Back-up 9/ 2 9/ 3
Back-up 9/ 3

Baékiup 9/ 8
Back-up 9/ 9

Reseaxch 9/14
Back-up 9/16
Back-up 9/1S5, %/14
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Last
_ Transf.
Date Cultures Media Number taken Purpose Date
September 21, 1970
Monday (contd.) _
Marchantia Hoagland- '
(minus) sucrose 32 Nutritional . . _
_ : : study 9/19
Marchantia Voth- (minus) '
sucrose 38 _ Nutritional
_ : study 9/20
Hab. tob 10xw 28 Back=-up 8/14
Total = 337 cultures o
September 22, 1970
Tuesday _ L e
Soybean sv 3 Mission | 9/ 9
Sunflower sV 3 . Mission ' .  9/10
Carrot sV 3 - Mission~ - - 9/10
Okra sV .3 Mission . .
Lettuce . SV 2 Mission . 9/11
Haplopappus sv -2 -Mission 9/11
D. Carrot SIK 2 - Mission 9/12
Hab. Tobacco 10XW .3 Mission 9/ 8
Rice HELLER'S - 37 . Mission - "9/12
Pine E. MM 2 - Mission - - 9/16
Pine L. MM 2 Mission 9/16 -
Pine P. MM 2 ~ Mission 9/16
TDB K 3  Mission 9/17
PTA K 3 Mission 9/18
L Cer K 2 Mission 9/18
Marchantia Voth 3 Mission 9/21

NOTE:

74 9'__

These cultures had been through two contamination checks using

sab and thio media and had shown to be free from contaminants.,

tamination of the cabinet lines.

species were used in preparing the mission cultures.

to mission culture report.

Total =

41 cultures

t

They were placed in pint sized Mason jars, and sealed tightly
with Mason jar lids to make possible entry into and decon-
The best cultures of all
.Refer



Date Cultures

- September 23, 1970
Wednesday
. Marcnantia

Marchantia

Hab. tob

Media

Vil
v

10Xw

Total = 90 cultures

-actober 1, 1970
+ Thursday

. udb. tob
" PTA
-~ Marchantia

L Rice.

SV

~10XwW
K .
Voth #2

HellerSs

TTotal = 115 cultures
- : 20 Jars of nedza

 October 14, 1970
© Wednesday

i " Hab. tob’
. PTA '
I, v Carrot
™ Hab, tob
= prAa
7 Lettuce -

ot .
gt

10Xw
K
sv
lOXW

K

SV

HELLER'S

sV
MM

Number taken

Purpose

30

Last
e Transi.Date_

42
13

35

25
19
.. 97
23
10
39

40

47
15

Nutritio
study
Nutritio
study

Research

nal
9/22
nal
9/22
9/21

L}

pint size Mason jars Mission
100 mls/jar

Research
Research
Nutritio
study
Baékiup

Research

Research
Back=-up

Reseaxch
Reseaxch

.Back-up

pint sized
Mason jars
100 mls/;ar Mission

lettuce :

- 9/28°
9/28

nal :
9/24

$/30

10/ 6
10/ 6
10/ 8
10/12
10/12
10/13

Mission
Mission

(Mason jar caps were delivered wrapped in '
foil; caps and media were ready for auto-
claving into cabinet line).

Total = 213 cultures

102 jars of med;a
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Last
. Trans.
Date Cultures Media Number Taken . Purpose E Date
October 21, 1970
Wednesday . ’
X ilab, tob Ho¢ ) . 25 Research . 10/20
oL pTA K . 24 “Research 7 10/19
< . _ . : E
" Pina E. . MM .t 42 Back-up 10/15.
Pine L. MM - 718 _ Back-up ‘., 10/15
Pine P. MM 24 Back-up -~ 10/15
10XwW 36 pint- 1.
.+ .sized, .
t - Mason jars
' " '_7100 mls per )
. : ; gar - Mlssxon
_Hab, tob = fresh wt. = 56,7 g " - IR
dry wt, = 3, 2 g sResearqbf
Total = 133 cultures Lo
. 36 jars of mcdia ' PR
November 4, 1970 e |
Wedpesday . e ’ 36 pint-.
. ' sized
' :  Mason_ 3ars .7
100 mls/jar- uy
L _ Mzssxor
sV 40 pint=
"sized
Mason jars e
100 mls/garn
: i MlSBlOn L
~ Hab. tob 42.0 g fresh wt.- E :
X . 2.93°g dry wt. ~or L . Research
PTA K - 15 cultures given from -
back-up . '
Total = 76 jars of media for research P
_ 15 culturxes - R
November 9, 1970 SR 5
Monéay « . e ."'- L _-.‘ ) L
Sy Pine L, MM ool s . " Back=up |, 10/21
. Pine E, . MM ,-.?;738. .+ Back-up 10/21,10/23
* Rice . HELLER'S'~".'29 .°° " “Back-up  10/23
., Hab.. tob - 10XW 5 07. 42 . Reseaxc 10/26,11/3
. PTA K .33 Researc’ 10/26,11/2
" BN -1 AU 1 | pz.nt—
BN e 5 size : - "ﬁ

-; - Mason jafs f?ﬁ
fh 100 mlc/gar

Misszon
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st
s . . - m -
sate Cultures . l&&la Nunber taxen Pursocce Tranci.Date
- Is
November 9, 1270 (contd.) '
Monaay :
MM 2 pint- . o
sized
Mason jars ~ .
- - LI Y
100 mis/sax .,
Mission

o - -~ e -
Ciner Ititcems:

i. 2rotocols for:

. . ~ _'q
a. White's media #d - 4
2. Voth nmedia
c. Millex's/Fowler's worz o Marchentia

November 17, 1970

Tuesday Soybean SV 38 Back-up - . - 11 .,,,‘11/15
Sunflowe sV 5 Back=-up . 1l/ls
Tera. tcb. 10X 55 Back=-up f;ll[lsﬂ
Haplopappus SV 49 Back=up ;jS';;/ 9
Euphorbia SV Back~up ‘”7f:il/l4AL06
NOTZ: & contaminatioa chack was done on -5 of »He'bo 'j“‘ ,.~f£'
Zuphorbia cultures in preparatica for n‘ss*on.-“"
Total = 327 cultures B ;';f“f¥ L 'f.?'ﬁf" .
November 23, 197¢ U e
Sunflower SV f'93A*"' "faack-up”_;'};ll/l7'"

Haplopappus SV .18 Back-up .1 11717

Pine E. HELLER'S'MM“:{:75"T ~Nutritiomal . -
:. T . . ' .:f S\-\AG“‘/ '11/20
Pine E. =~ sV - MM . ”71_2;'" Nutritional,
R SR study 11/20
Pine E. WHITE - MM © . 7. . -.Nutritional:
. S ;*;“.fjrﬁﬂfl study ".11/20
Pine E. B A #17'.:“'§.{47 ﬂﬁ“ Vu»~1 onal
Pine E. .
Pine L. ’




Date

November

P I
S22 La

Cultures

23, 1970 (contd.)

Pine L.
Pine L.
Pine MM

Pine E.

-~

Pine

| )
e
1
g s
P

Total = 196

ANY

MM OEL

umb

W

Purpose

YHITE - MM

cultures

- Nutritional®
~ . Nutritional.:
" Nutritional.:

Back~up..

. Back=up . .

stucdy .

stucdy

study + v 1l

.

i1/20

.
i K
.t
;
.
.
.
.
.
..
H
.



MILLER'S VOTH 45 (frem Miller's Bottles)

Final
Stock Solution tcck Solution Conceniration

Major ‘Solutions g/i mls/l of medium mg/1
(1) xwo, 4 0.5 molaxr 1.6
( 2) Ca(NO3)2.4H29 0.5 molar 1.4

e [, : ) v b
( 3) Mg\do3)2.6H20 0.5 molar 1.2
( 4) K}I,PO4 0.5 molar 0.8

Miror Solution
( 6) . MaSO,.H,0. 0.2 | 1.0 . 0.2
( 7) znci, 0.2 .00 0 7 0.2
( 8) Na28407 0.2 1.0 : , ." 0.2 s
( 9) Feso, 0.02 1.0 . .. 0.02
(L0) Agar | 10 g/2 ST :' 1%

PH not adjusted
: Hzo to make 1 liter
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Following is a list of the shipments made from the University

of Houston to N.A.S.A. during the given three month period. Abbrevi-
ations and media protoéols are identical to those in previous reports

which can be used for referral.

Shipments
_ : _ Last Trans.
Date Cultures Media Number taken Purpose Date
December 1, Pinec e. MOD. MUK-1 50 Back-up 11/24
1970 ' : )
Pine 1. MOD. MUK-1 5 Back-up 11/24
Okra S sv 72 Back-up 11/24
Okra R SV 8 Back-up 11/24

Total = 135 cultures

MOD. MUK-#1 100 1/2 pint size Pine
Mason jars
50 mls/jar

Knudson's 100 50 mls/jar Lower plants
(PpTA, TDB, L. Cer.)

Other items:

Caps wrapped in foil were delivered at the same time as

the jars.

December 2,
1970 sv 60 1/2 pint Mason jars
(50 mls/jar) Soybean

sv 60 Carrot

sv 60 Sunflower

sV 60 Okra |
sv 30 Lettuce

Total = 270 jars of media

Note

The jars were properly labelled with the name of the
media and the species which it was for. The caps were
wrapped in foil and delivered with the jars.



Shipments (continued)

Datq

December 7,
1970

December 28,
1270

December 29,
1970

January 25,
1971

37

Last Trans.

Cultures Media Number taken Purpose Date
PTA K 51 (regular
bottles) Back-up 12/3
TDB X 60 (1/2 pt. Mason
jars) Mission 12/4-12/6
Harvey's 12 {(regular
‘ bottles) for Pine
Total = 111 cultures

Note

12 bottles of media

A contamination check using sab. and thio. was used
on TDB cultures.

60 (1/2 pt.

SIK

jars-50

Total = 60 jars of media
HELLER'S 60 (1/2 pt.
jars-50
10XwW 60 (1/2 pt.
jars-50

Total = 120 jars of media
KNUDSCN'S .40 (1/2 pt.
jars-50
KNUDSON'S 20 (1/2 pt.
jars~50
sv 50 (1/2 pt.
jars-50
sv 20 (1/2 pt.
jars-50

Total = 130 jars of media

Mason
mls/jar)

Mason
mls/jar)

Mason
mls/jar)

Mason
mls/jar)

Mason
mls/jar)

Mason
mls/jar)

Mason
mls/jar)

Mission-in cabinet
lines

Rice

Hab. tob.

TDB
PTA
Soybean

Lettuce
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Shipments (continued)
Last Trans.
Date Cultures iedia  Number taken - Purpose Date

January 26,
1971 Hab. tob. 10XW 100 (1/2 pt.
Mason jars) Research

Total = 100 cultures

Other items:
160 gms. of fresh weight Hab. tob.

February 8,

1971 Maréhantia V-5 77 Back-up  2/3,2/4,
1/23
Pine e. MOD ., MUK 117 Research 2/7
10XW 102 Mission 2/7
sv 72 Mission 2/7

(1/2 pt. Mason jars)
Total = 194 jars of cultures

174 jars of media

February 25,

1971 Pine e. MM1 40 Mission 2/24
Lettuce sV 30 Mission 2/22
Okra sV 24 Mission 2/22,1/8,

1/11
PTA KNUDSON'S 16 Mission 2/16
Sphar. d. MACKER'S 35 Mission 2/20,2/23
Marchan- '
tia V-5 52 Mission 12/19,1/18
Corn Wlx 17 Mission 2/22
Eurphorbia sV 10 Mission 2/23
TDB KNUDSON 'S 36 Mission 1/21,2/18

Total = 260 cultures

Note

The cultures were checked in sabouraud and thio-
glycolate media for contamination and showed negative
results. They were prepared, sealed and labeled properly
in 1/2 pint size Mason jars.



Shipments (continued) 39

This third quarterly report does not include the details of
the work perfb}med for the Apollo 14 Mission. The work began in
August, 1970 and'was completed in February, 1971- most of the work
being done during the fall of 1970. Therefore, such performance
has been described and submitfed in the second quarterly report
along with the work done during the fall ﬁeriod.

Nutritiohal work has been continued with Marchantia, corn,
and slash pine. There has been success with Marchantia and corn.
A report of these experiments will be submitted at a later date.
Slash pine is presently being tested on 39 media types which vary
in salt concentrétions and hormonal concentrations. A full report

of this also will be submitted at a later date.
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Included in this report is a list of shipments taken from the

University of Houston to N.A.S.A. during the given period. All mission
work had been completed by March 1, 1976 and is therefore included

‘in pfevious re%orts. Nutfitional research has been continued with -
slash pine with the initiation and maintenance of pine cell suspension
cultures. Light and phase-contrast microscopy has been used for
studying the cell cycle of pine. Suspension cultures have been

plated out to test for viability, clonal growth, and contamination.
Growth studieé on inoculum size, media variation and basalt and earth
treatment have been completed using fresh-weight and dry-weight measure

ments. Details of pine studies will be submitted at a later date.



Date

March 12,
1971

March 19,
1971

April 2,
1971

42

Shipments
Last Trans.
Cultures Media Number taken Purpose Date
Marchantia V-5 39 Research 2/3
Marchantia KNUDSON'S 13 Research 3/9
Pine e. MM-1 78 Research 3/10,3/11
Hab tob. 10X 37 Research 3/2
Total = 167 cultures
Note: All are in 1/2 pint size Mason jars.
L. cer. KNUDSON 'S 18 Back-up 3/18
PTA KNUDSON'S 18 Back-up 3/17
TDB KNUDSON'S 18. Back-up 3/1
Pine e. MM~-1 100 Back-up 2/12,2/16,
3/17,3/16
Total = 154 cultures.
Marchantia V5-A 18 Nutritional
study 3/29
V5-B 18 Nutritional
study 3/29
vs5-C 18 Nutritional
study 3/29
V5~D 18 Nutritional
study 3/29
V5-E 18 Nutritional
study 3/29
V5~F 18 Nutritional
study 3/29
V5--G 18 Nutritional
study 3/29
Hab. tob. - 10XwW 18 Back-up 3/2,1/15
Rice HELLER'S 25 Back-up 3/18
Soybean sv 25 Back-up 3/9,2/4
Marchantia V5 30 Back-up 3/18
Pine e. MM 179 Back~-up 3/30,3/16,
3/17,2/15,
2/10

Total = 428

cultures



Shipments (continued)

Date

May 19,
1971

May 27,
1971

43

Last Trans.

Cultures Media Number taken Purpose Date
Hab. tob. 10XW 25 Research 5/5
Pine e. MM-4 32 Research 5/5
Pine e. MM 27 Research 5/5
Total = 84 cultures.

Pine e. MMl

cations) 15 Research 4/29,5/4
Pine e. MM1 40 Research 4/29,5/4
Hab. tob. W1l0X 25 Research 5/24
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D&:ing the'month éf June through_August, efforts were cohcén-
trateé brimarily in preparation work fér Apollo 15. 1In June, contamif
nati&n checks were done on all cultures to be used for mission. Two
small”;&ssue samplés from each newlf transferred culture were taken-
one.was,placed in thioglycolate mediun, tﬁe othe§'1p3sabouraud broth.
.Cbntamination check daﬁa‘is'submittéd with this report. Omly éhosq ‘
cultures which shéwed negative céntamina:idn tests were shiéped to
N.A.S.A. A list of these shipments is included in the report. This
list also includes all media and supplies needed at N.A.S.A. for
mission and research purposes.

Algo during this time periocd initial growth studies wexe
fattempted. Data is included in the report. In order to determine
optimal inoculum size for culture 1n1tiatio“, fresh weight for a
period of six weeks was mec: tured using three different inoculum
sizes: 1 gram, 2 grans, #nd 3 grams.. These were done cn both ma and
mrm-1 media to diktinguish between the norﬁal media and the normal |
with coconut:milk and geaat‘exfract. ”

' A series of nutfitional'studies that were initiated six moaths
ago‘wé}e terﬁinéted.- A report was written on these cxperiments apd
is included as supplemsntary intozmation to the tepo:t.-
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Abreviations | : e

I. M2dia: (protocols are included in xepgxt) _
oMM = Modified Murashigs and Skoog (mn uz.vm

" SIK = SV + IAA + Kinetin
sv = Modified Bonner
K = 'Rnudzon
1039 ‘= 10 X WHITE
1xwW = 1 X WiITE
. Hoag = ' HOAGLAND'S
B = HELLER'S
MIK = Modified MUK + IAA + Rinetin
. SAB '@ .. Sabouraud broth’ ' :
. f;ﬁhtb .= Thirglycolats broth B
II. Cultures:
-1 PTA = Pteridium agualivm
. %08 = Tedoa baxb&xa
BN 725 = - Lycopodiwn cexnum -
'\ march = Marchantia polymozpha
‘ Pine L. = Pinug lamhertiava
| Pine P. = Pipus palustris :
: Pine B. = - Pinus elliottii
;' D.C. = Dancus carota (wild carrot)
- Sun. = Sunflower = Hslianthus annus :
: Soy = Soybean = Glycine soja
.. " Hap - gHag‘ogaggus ggacilis .
" 'Hgb. tob = Habitusted tobacco
-

‘tara tob Teratoma tobacoo



pate -

June 15,

1971 ..

‘e .
t

L

June 38, © .
Marchantia

1971 ¢

L

)

-

July 10
;971;',3

_July 8,¢
1971 -’

- st — ¢ W

;.Pinh ..

'Cuitures

Hab. tob..

Hab. tob.

jrino_e.

PIA

D. carrot N
. Habo'tObo};
Cmel

L. C.:";.b
- "Pine e.

" . Hab, tob.

 July 12
1972 aif

. Pine's. -
’,qut
" Beb. tob. .
| Rice N
~Cbrn 

| Shiggghts -

100
Hab. tob " 10XW.
?11QXW'”

 MM-vari- _
- 'ations -

K

K

el
s
a0
“”5 §2I§i g |

100

;'&edia’. Number taken -
20
18
':15 .

15

i‘o _

- 40

20
20
20 .
1n
7
a2

éo.f {
3000
“

N L
.~ 30 -
60
a0

‘ nisqton

Purpose

Rnséaréh
Roséaxch
Research

Rasga:cﬁ

| kisiiSn

‘Migsion

Mission
Mission
Hisqion

ui;iioﬁ

" Hisp@bn'

Résearch
_ Research
.. Research

o Mission
- Migsion

Mission

: u;ssibn»

Mission -
iuibtiou'
. Mission
f?éfivniasion |
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ate .

'5/3

6/8 -
6/15

4/29,5/5,:
6/2,5/24

" §/29
' 6/22

6/28

6/9

e/

6/4
€/8,6/22

Last Trans.



July 19,
1971

pate

1971

Auvgust 4, A ‘ '
. ..&ybm

197%.

August 12,

2971

" Pine e.

1971

“ '.csg'..;:-q.- T e R e R

H M .
T R L SR

JulYbev,;

Ping 0.

Polypropylene bocks for transfaors:

500 Magon jar scals.for daoontaminaéion pmadums '

at N.A.8. A. o

Cultures o

~Soybean -,
'P_iz'_m 8. |
‘Soybean
" Eab. tob.

Pine e.

Pine e.

" jrih.c'e.
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Média.

-_-"léwt.)SION's - .
gV

sv-liquid -

m-solid
sv-so].id

wlox -
- Liqeid M-l
. on solid m—l

Comdeliquid

- {szall imocu;m):;

' BufZored MM :

. iiquid

- ‘conditioned o
‘hliqmid - ,

- Conditionsd M5t i -
-..1st tramsfor

: ';.,m-u.quid Y
, (lwgo imcm.\m)

180

20

- 30
110

6
00
e

20
. 100

Mission

: ﬁ@swch

Maa:ch
Resesrch

pasesrch

Boscarch

: 'R@Qe&xch
' pescarech

' skma:@&

Résearch

Rossazeh

' . Last Txana.
Numb@r ta);en Purpess .

'f Date

'Miesion

os2

6/29,5/4
©/3,8/12
8/19,8/31
7/13,7/25
/27,876
s/ea,s/z_;x o

7/39

L7, LI

9/12

8/19

.’W‘s.

nsaicn -

 Miszlea

_ mea@
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ccmmmmxou CHECK - aeo.x.o 15

R . {June, 1371) :
zaeh suhculture was - tested with thioglycolats and’ thyptiease

goy at the ‘time of subcultuxing.A Test tubea of tha eont&m&natida
cneck mzdia were pr@paxed at the Univa:sity of Bcuston. Two saagl@s
fron: aach naw subeulturs vare taken, one .of whieh vas placad in
t&ioglycolate and the othor of. which was placnd in- txypticace eav...‘:
Ten daya ware alloved. a8 ‘the 1acubation period at room temperatuve.
1f eny ecnuamination apgzased 1n tha test tnbss. th@ sesyect&v@

" culturs was diacaxded.«

Da“ -
Nane of . ' S o -
‘Caltvra - . Soy SQn D carret Rice c@xm Eab. %ggy Pina 6. PtA L.Carx
Numbar of - : ) ‘ S L
. A%y Bud- L g["~, R . o
rcultuges. . 60 60 38 28 12° .60 . 60" 60 6@
‘Bumbok of T I
_culturae cone | : _
" taminated in I
. &zy =;fuﬂ% -0 1 -36: - -7 - 4 -8 8 Q4 348

ted ia: tzy 0 1.6 42 29.1 .33.3 8.3 - 6.6 < 23.3 23.3 .
‘Mumber | coa-" T B o
tamio 0 0 15 '8 - 3 5 .3 15 26

K acntamina N, 0 S
ted s,amuo 0 ° 0 38.4 333 25 . 6.3 . 5 - 25.26.6 ..
feenumnama 0 1.6 42 25.1 25 . 8.3 6.6 35 28.6
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Dry wts. in grams

1 wk. MM M1-1
la .1765 .32
1b .1945 .18
1lc .1046 .21
4 wk.

4b .3535 .26
4c .3125 .29
4a .4353 .39
6 wk.

6a .50 .52
6b .41 .40
6a .58 .11

Data Terms:
Wt ~ tl = weight in grams at time of initiation of culture

Wt - T, = weight at time of harvest of culture

A wt = change in weight
a = 3.0 gram inoculum size
b = 2.0 gram inoculum size
c = 1.0 gram inoculum size
MM-1 = Media with ceoconut milk and yeast extract
MM = Control media without coconut milk and yeast extract
la = 3.0 gram inoculum, culture {1l

2a = 3.0 gram inoculum, culture #2

etc.
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Nutrltlonal Studies on Pinus elliotii
The following is a review of the results obtained-on the- nutrl-

tional st "ies on Pinus elliotii tissue culture Requirements of

established major salt solutions such as Harvey 8, Heller's, Whito -
end SV's were tested. Individual elements. additives, and extracés :
vere tested in varying concentratidns. The results were recorded
eccording to the following numerical point system.

l = no signs of growth since subculture

T 2 = signs of growth but small amount, little or no
- greening o _

3 -'~lerge growth, but no greenlng, healthy
4 = large growth with greening, healthy _
This system allows e fast coverege of the type or vlsusl description
of the cultures based on grcwth rate (size) and pigmentation without
any judgement as to which is considered the hest culture. At least
- ten.cultures on each media type were used. . The everage evaluation
is tabulated in the report. | , | ’
'uelutenance.of pine callus on Harvey's medium was attempted
thres times. The first attempt resulted in death after just one
generation. The next two attempts survived the first generatlon but
not the subcultures (geueretions) thereafter. After two months the
cultures were totally brown and remained the slze of the original -
subcultures. ‘After four months there was still no sign 4o£ growth.
Mod. Muk. uediuuﬁwesfthe_control mediuu for most of the test
components. lt 1s'completely dstlned;'couteinlng no coconut milk
or yeast extract as does Mxrl medium. Initlally, edding cocenut
milk end yeast extreet to the nediun gave 1ncrease in grovth retc

and yellow to green plgmentatlon._ But once tbese cultures wore
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obtained, maintenance on ‘Mod. Muk. was possible wi.thout any viauel 7

dccline in the condition of the cultures. After two to three |
gcnerations, uod uuk. continued to improve the condition of t.he
cnltuxes. while M1 now showed eigns of declino. '

ueuer 8, White 8, end SV's majo: salts were tested in modin '
identical to M-l - (with coconut milk and yeast extract) except for
the meaor salts. After one goncrati.on. both Heller's and White's
cultursa ahowed tapid decline in growth ‘and were dead within three |
: monthe SV's selts gave a oontinual 1mproveuent thtough six nontbs '
mintmnce. . A | '

. &anqanese and nagnesiua 1on concentrations were individuany

tested both in the p:esence and absence of coconut milk and yeast

ezztract. In the nangenese ‘test, there was uttle variation in the .
glze ot the cultures. All seemed to grow at one of the futeut ratas
obtaincd thus far. Ditferences wore noted in pi@entation. -4
having 10 mg/l of mn*t ' showed the least browningevith many eroae'
pale green This concentration wags the h:lghest tested for this |
s e_lement. .With ug opposite results were obtained. The least b:own-
ing was with the lowest ug** concentration tested, 185 ng/1. " Bigher
'eoncent:ations seomed to be tox:lc to q:ovth since w:y little g:owtr'»
with much bro\ming was common to cultures at 740 ng/1. Ooconut ailk ,
and yeeet extract &id not noticeably affect the results of these
- tesee., .'rhus the cult tures are now =einte£.ned on the defined media.

o 'rhe cheleting agent EDTA was ‘tested in halt the concantration
of that in ‘the control Mod. Muk. ned.tun.. Mt.er two gene:ations nem |
difference 4in growth' vas obteined. But vcry dietinct vas tha e:ztz%.
bro'am.tnq 1n tho cnltures with lese zm'n. -
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At 220 mg/1l and at 880 mg/l, calcium gave scvere brovning effegtg
on tho callus. The control is 440 mg/1 which rezulted in light tan ,
cnloration but no sevarity in browning.

| Potassium phosphate, control at 170 mg/l, showed Hrowning effects
with decrease in concentration, and dark yellow to green eZfects with
increase of concentrations. No visual effect on qrowth rate wag
noticed. | |

Depleting kinetin from the medium did not show any noticeable
differences from the control. Growth and pigmentation were still
conzidered satisfactory.

Varying asparagine cdncentrationg affected growth. and not pigmer.
tation. A higher growth rate was very obvious at 25 mg/l aapafagine
than‘with compléte ceplecion of asparagine from the medium.

Ascorbic acid seemed to be toxic.to gro&th at_ipcréased concen-
trations. At 25 mg/l the cultures wé:e approximately half the.slzé
of those grown without ascorbic acid é;though the latter showed more
browning effécts. Dll cultures did show sporadic greening."

Depleting al'l additives from the medium was combérud to cdepleting
mnjor salts only and then minor salts §nly. After two generaticns the
cultures grown without additives were aead. The othér cultﬁres were
brown with very little growth.

Sucrose was tested ot § é/l instead of 30 g/l. After two genera-
tiong the cultures were almost dead, |

Wood extract with Zeiler's Salté inhibited growth within one
aeneration.. The extract with Mod. Muk. medi; supported growth, but
huch browning <ontinucd.

Pine extract has resulted in decline of growth rate after two
genefations. The cultures were light tan, but no significant brown-~

ing or greening was noticed.
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.pH 5.7-5.8

1 Lt

ar;
‘mos.

(2)

Solution’
(‘3) :
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- rree

P P

-
PP

Wa,EDTA . L

‘Minor Solutidh

B ]

| MODIFIED unnasaxsx AND SX00G MEDIUM (Md-1)
';'Tzssuns CULTURED ON MEDIUM:'

. 'Stoek

-~ v - gélutiom, . -
A Hajor SOIutggn -gmfliter
. Solutich.Component . - .

T 168
L1900
CaCl,.2H 0 . ' 4.4

. HBNOy

MgSO..7H,0 . . 3.7

85T

. Btock
Solution,

.Component. -
pon . 3243
EnS0.4B0 - " . 8.6

X 0.3
Cod :'_cm‘o sazo

< 0,028

°9?12-‘Fz?

ggllit A;

0.028

60

' PINUS palustris.
'PINUS lambertidna’

| PINUS ellioteid

Stock

“solution,
nl/liter
. of 'jggi.un B

. 1650.0°

- "8tock
~ ‘solution,

al/liter
. of madium

'100.0

Final con- .

nq/ 1;[_1:3:

© 1900.0
| 440.0

70,0

170.0° -

7.3 .
. 27.8

, Final con~ |
. * centration

: m‘liter

6.2
223
.- 8.6
0.83
0.25 -
0.025
" 0.028

-centration
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! pyridoxine HCL - 0.1° . . 0.1
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Report of Work Performed
‘on
N.A.S.A. Contract NAS 9-10947

entitled

DEVELOPMENT OF GERM~FREE PLANTS AND TISSUE CULTURES

for the period of

September 1, 1971 - November 30, 1971

§. Venketeswaran
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!or Apouo 15, tho Univeuity of aouston t.ook full nnponalbnit;
at N.A.S.A. of the numbe: and condition of thc plant tissue cultnru :
) :oqui:cd, as veu as the entry of the cultu:en and neeeuuy -uppn“
into the cabinet lines ‘and the uintenanco of the q.rn-!roo cabinet :
unes during thh period. This entailed utilization of paratomldo-
hydc qu for deoonmlnatioa purposos » after which um-hu nnd o

"vi.pi.nq down of tho cabinou and culture jm were necuuxy l'or ,
. protoceivo reuou. -11 cultms and aedh had to be sealod uqhuy -
with the Meson uas prior to nmning a demntamixmtion of the :
cabinou. .

'mo roaponnbniths al.so oxtandod to. the chanonqing of all
miulou cultures w:lth tho l.unar, sh\nam lnnat. and urth -ouc.- o
Bach cultnro was nume:icany labencd ' tbr tuturo data pntposes. .A
tablo witb the mtomtion on plant apecion, treatmmts. and nuaborl
used. i.l 1nc1udcd in ehi.l Teport. . - o

Durinq thi- xeport period, otudiu wo:o -u:tod on 1Muc1ng
di!to:entiation in Pinus elliotii canu ti.um. 'nu- involved )
varyinq ratios of kinetin to :Lndolactic .cxa m kinetin to naphtha=: A"-
lene aeotlc acid - used mditiod nnrashigo and. 8koog =edium as a .
bual aadim.  These experinents u:e -uu 1n proqreu. A table of
 the mhum 1s inoluded in this repore. .

Aln, -tudies on eoxu a:o ooncinuod téon pmious wozk. - mu'
&uiauono ‘are noeod u this report, and are nodiucation of wh.lte s |
baul wpdhn. In ordor to Lndu« oorn canun. frash corn rooe oxplant.
vere phwd on all: thon aodiﬁ.ad Ihitc l\odia and algo on MN-1. neodia. .

ro: ntaeiatica:l. msou. thcu oxpotinnu a:o npuu of thou dono 3

and tcported at an mnor dato, in which cucooss m muobod
en m—; 'uodi. only. i SIS N

.,-
R '..
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' uobxrx:p MURASHIGE AND. SKOOG Mznxuu"tnmnxg,(cgntinued)z
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.“_):f
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MODIFIED MURASHIGE AND 3xooc'uznzﬁa MODIFICATIONS

. MODIFICATION STOCK'SOLN. STOCK SOLN. PINAL CONC,
= : - gm/liter - ml/liter mg/litex
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e 3.0 - 100 a0

MM=T . o

MK - - |
| Kinetin 10 . 100 - 1.0
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:C§11us pine tissue cultures have been found to contain high
eoncenirations of phenolic compounds. These end products constituté':
the results of the biosynthetic pathways utilizing aromatic émino
'acida and their p:ecutlors.v Tho obse:vance ot these 1ntracellularly-
stored. compounds during olectronmicroscopic utudies has stimulated
the curiosity of N.A. s.A. workers as .to the controlling steps in - ‘
their biosynthesis.. The following bibliography is the result of a h
partially completed‘literatnxe soarch for recent 1n£o:nat£on in this

ar“ - '
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During the months of December, 1971 through February, 1972,

efforts were concentrated on continued maintenance of the Apollo 15
plant tissue cultures in the cabinet-lines at N.A.S.A. l!Most of the
lunar treated cultures were transferred to second éenefation growth
in order to check for long term effects. Non-treated cultures also
were transferred to act as controls and to eventually gxpand the
numpers of cultures on hand for preparation of Apollo 16 mission
requirements.

The cabinet-lines were maintained sterile throughout the entire
time span. Therefore, it was unnecessary to run para-formaldehyde
decontaminations as prior to Apollo 14 in the summer of 1971. Swab
tests were taken weekly to determine and confirm the sterility of
the cabinet--lines.

The air-conditioning fan in the lower plant cabinet would
periodically fail to work. Whenever this occurred, the temperature
woﬁld soon rise forcing the cabinets to go on high~temperéture, self-
cut-off which included shut-off of the light system in that cabinet.
In order to repair the fan, the sterility of the cabinet lines would
have to have been sacrificed to allow someone to enter the cabinet
in question. It was decided not to repair the fan, but to risk its
continued performance. To relieve the pressure on the fan, the doors
connecting each cabinet in the cabinet-line are now left open enabling
more. air-flow and some temperature control from adjacent cabinets.
This would help keep the cabinet in question from going on high-
temperature cut-off. There has been no reported trouble with the fan
and/or cabinet since this time.

A list of the work performed at N.A.S.A. is included in the

report along with a list of the shipments from the University to



. 18
N.A.S.A. Because the Universit§ of Houston was held responsible for

photogra?hy of mission work, there is a separate list which gives the
labelled numbers for all mission cultures categorized by the treat-
ment and age of culture. Those marked with "p" are the cultures used
for documentary photographing. Soybean, sunflower, pine, and tobacco
were photographed in December 1, 1971 (p 1). The lower plants were
photographed on December 20, 1971 (p 3’. All other photographs were
taken on December 14, 1971 (p 2).

Efforts were also directed toward the continuance of pine
nutritional studies. Several experiments were started during the
time period of this report. Only one was started and terminated by
February. It is included in this report. All other experimentg will
be reported in the next quarterly report.

The "Pine Bud-Formation Experiment"” was a preliminary effort

to check the response of Pinus elliotti to attempts at inducing

differentiated tissue. This was done by varying ratios of kinetin,
IAA, and NAA. The media variations are listed in this report.
Visual observation of the cultures showed differences only in growth
and pigmentation. WNo indications of bud or root formations were
detected. The results generally were as follows: (refer to media

protocnls) .



MM-I

Mmi-J

MK

MM~-L
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Observation-

Large growth; not as large as control; very
little browning.

Control: large growth; very little browning.

Less growth than control; yellow to green
callus; no browning.

Similar to control with more browning.
Large growth; more browning than MK-J.

Little growth; very much browning.

All cultures, except controls, placed on Mi~A media through

MHM-F died within three weeks. Attempts to salvage them on second

generation transfers were in vain.



PINE BULD FORMATIVI INSpRrIMENT

MODIFICATION STOCK SOLN. STOCK SOLN. FINAL CONC.

gm/liter - ml/liter mg/liter
Mei- A
Basal iHedium
124-B
Kinetin 0.5 1.0 0.5
Hri~C
IAA 0.18 1.0 0.18
148D
IAA 3.0 1.0 3.0
MITE
Kinetin 1.0 1.0 1.0
IAA | 0.3 1.0 0.3
MM~ F
Kinetin 1.0 1.0 1.0
IAA .005 1.0 0.005
MM-G

Basal Medium

MM-H

Kinetin 0.5 1.0 0.5




PIi:d DUb SCLOLVIVL wiPnaI it (continued)

MODIFICATICN STOCK SOLN. STOCX SOLH. FINAL CONC.

gm/liter ml/literxr mg/liter
HMM~L
NAA 3.0 : 1.0 310
2iife-J
NAA 3.0 1.0 3.0
HA~K
Kinetin 1.0 . 1.0 1.0
NAA 0.03 1.0 0.03
MiA- L
Kinetin 1.0 1.0 1.0

NAA © 0.005 1.0 0.005 .




1)

2)

3)

4)

5)
" 6)
7)
8)
9)

10)

MODIFIED MUFRASHIGE AND SKOOG MEDIUM (¥-M medium)
Basal Medium

pH 5.7 - 5.8

MAJOR SOLUTION

NH4HO3

. KNO

3

CaCl7°2H20

0

, N
Naz EDTA

FeSOA.7H20

MINOR SOLUTION

HB03

MnSO4°7H20

ZnSO4,4H20

KI

Na2M004.2H20

CuSO4.5H20

CoClz.GHZO

VITAMINS AND
AMINO ACIDS

Nicotinic acid
Thiamine HCL
Pyridoxine HCL
2,4 D
Inositol
Asparagine
Ascorbic acid
Sucrose

zgar

SHCCK SOLN.
gm/liter

16.5

1.0
4.4
3.7
1.7
3.725

2,785

6.2
22.3
8.6
0.83
0.25
0.025
0.025

0.5
0.1
0.1
5.0
10.0
100.6
50.0

STOCK SOLN.
ml/liter

100.0

10.0

1.0

1.0
10.0
1.0
1.0

30 gm
10 gm

FINAL CONC.
mg/liter

1650.0
1900.0
440.0
370.0
170.0
37.3

27.8

6.2
22.3
8.6
0.83
0.25
0.025
0.025

0.5
0.1
0.1
5.0
100.0
100.0
50.0
33
13

g2



MM-A
MM~B
MM-C
Mp-D
M4~E
MM-F
HM-G
MM~
M -J
MM-K

ML

Summary

Bud Formation Experimental l!edia

(initiétion of ewrr=riment on December 7, 1971)

wfo
Q/

w/0
w/0

w/

Kinctin, w/o IAA (basal media)

Kinetin,

Kinetin,

Kinetin,

Kinetin,
Kinetin,
Kinetin,
Kinetin,
Kinetin,
Kinetin,
Kinetin,

Kinetin,

w/0 IAA control
w/ IAA (.18 mg/l)

w/ IAA (3.0 mg/l)

(1.0 mg/1), w/ 1IAA
(1.0 mg/l), w/ IAA
w/0 NAA

w/0 NAA control

w/ NAA (.18 mg/l)
w/NAA (3.0 mg/l)
(1.0 mg/1l), w/ NAA

(1.0 mg/1), w/ UNAA

(.03 mg/1)
(.005 mg/1)

(.03 mg/1)
(-005 mg/1)
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Date

December
1971

January 18,

1972

February
1972

9,

February 25

1972

Cultures

Hab. tob.
Soy

Carrot

Mafchantia
L. Cer.

D. Carrot

Soy

Hab. tob.

Corn

D. Carrot
Hab. tob

Corn

MM

Shipments
_Hedia'  Number taken

10X 100
sV 100
sv 50
K 50
K 50
sv 50
sv 50
10X 50
MM-1 50
sv 50
10X 100

1 50

84

Last Trans.

Purpose Date
Mission 12/9
Mission
Mission
Mission 12/20
Mission
Mission
Mission 12/21
Mission
Mission
Mission
Research 2/27
Mission 2/27



Date
12/ 9/71

12/ 9/71
12/ 9/71

12/ 9/71

12/ 9/71
1/20/72
1/20/72
1/20/72
1/20/72
1/20/72
1/21/72
1/21/72
1/21/72
1/21/72
2/27/72

%
SLS
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Work Performed at W.A.S.A.

Number of

Culture Media Transfers
Hab. tob., l1oxw 40
Hab. tob. 10xXw 40
Soybean - SV 40
Soybean SV 40
D.ACarroﬁ SV 40
Marchantia K 40
L. Cer. X 27
D. carrot SV 15
D. cérrbﬁ sV 15
D. Carrot SV 20
Soybean sV 40
Hab. tob. 10XwW 40
Corn MM~1 40
L. Carrot SV 40
Corn Mi-1 15

Simulated lunar soil.

Type of Treatment

Lunar, 2nd. generation
Controls

Lunar, 2nd. generation
Controls

Lunar, 2nd. géneration
Control

Control

*SLS

Iowa

Controls

Controls

Control

Contrcl

Control

Lunar, 2nd. generation
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From March, 1972, both mission preparatory work and pine
nutfitional work expanded.

Lists of (1) shipments from the University of Houston to
N.A.S.A., (2) work performed on maintenance of plant tissue culture
in the LRI. cabinet lines, and (3) plant tissue cultures required for
Apolio 16 are included in this report.

Also, media protocols for two pine growth studies are included.
Fresh weight and dry weight measurements were recorded periodically
for each media listed. The results are tabulated and plotted. An
interest in nitrogen metabolism led to the media modification used.
Presently, protein and growth measurements are being made on pine
cultures grown on these media. When the entire series of experiments
is completed, conclusions will be made and a discussion reported.
Meanwhile, only the data obtained up to this time is included in this

report.



Abreviations

I. Media: (protocols are included in report)
MM = Modified Murashige and Skoog (MOD MUK)
STK = SV + IAA + Kipetin
sV = Modified Bonner
K = RKnudson
10xW = 10 X WHITE
1Xw = 1 ¥X WHITE
Hoag = HOAGLAND'S
H = HELLER'S
A\ = VOTH
MIK = Modified UK + IAA + Kinetin
SaB = Sabouraud brotih
thio = Thioglycclate brotn

II. Cultures:

PTA = Pteridium aqualium

TOB = Todea barbara

LCex = Lycopodium cernum

March = Marchantia polymorpha

Pine L. = Pinus lambertiana

Pine P. = Pinus palustris

Pine E. = Pinus elliottii

D.C. = Dancus carota (wild carrot)
Sun. = Sunflower = Helianthus annus
Soy = Soyhean = Glycine soja
Hap = Haplopappus gracilis

Hab. tob = Habituated tobacco

tera tokb = Teratoma tobacco



Date

March 7
1972

March 16
1972

April 25
1972

Cultures

Corn

Carrot

Corn

Shipments
Last Trans.
Media Number taken Purpose Date
ME~1 50 Mission 3/ 9
K 40 Research
sV 40 Mission 4/27
MM-1 40 Mission



Date

3/ 1/72
4/14/72
4/14/72
4/17/72
4/17/72

Culture

Corn

D. Carrot
Corn
ijarchantia

PTA

Work Performed at MN.A.S.A.

Media

Hit-1

Number of

Transfers

26
35
14
40

40

Type of Treatment

Contfol, 2nd. generation
Controls
Controls
Controls

Controls



Plant Culture Requirement

Culture

L. Cer
Harchianta
PLtA

D. Carrot
Soybean
Sunflower
Tobacco
Rice

Slash Pine

Corn

Apollo 16

Media

sv
sv
sv

10X

HELLER's

Number

40
40
40
40
40
40
40
40
40
40



Media
Pine Growth Study.K Experiment #1

LXnd
o

MME - Experiments: December 2, 1971 (initiation of experiment)

January 31, 1972 (subculture,_start of
2nd. generation)

Mfarch 7, 1972 (termination of experiment)
MME--1 Increase thiamine HCL to 5 g/1
MM--2 Leave out nicotinic acid and pyridoxal HCL
MM~ 3 Increase thiamine HCL to 5 g/l

Leave out nicotinic acid and pyridoxal HCL

4NO3 to NH4P04 (11.9 g/1)

citrate diam. salt 11.4 g/1)

MME--4 Change NH

Add NH 4

MME~5 Change KNO, to K,SO, (8.1 g/1)
Increase KH2PO4 monobasic (12.7 g/1)

MME-6 Change NH,NO, to NH,PO, (1.2 g/1)

Increase KH2P04 monobasic (12.7 g/1)
nda NH,, citrate diam. salt (11.4 g/1)

Change KNO3 to K2804 (8.1 g/1)

MiiE~control MM Basal media



Media 89
Pine Growth Study Experiment #2

IMME Experiments: February 22, 1972 (initiation of experiment)

March 29, 1972 (subculture; start of
2nd. generation)

May 10, 1972 (termination of experiment)

MiE~-A Only ammonium
Change NH4NO3 to NH4PO4 11.9 g/1
Add NH4 citrate diammonium salt 11.4 g/1
Change KNO, to K,S0, 8.1 g/1
Add kH2P04 (moriobasic) 12.7 g/1
Omit asparagine

MME~B Ammonium and NO,
Change NH4NO3 to NH, PO, 11.9 g/1
Add NH4 citrate diammonium salt 11.4 g/1
Omit asparagine

MME-G ' Ammonium and asparagine
Change NI, #05 to NH,PO, 11.9 g/1
Add NH4 citrate diammonium salt 11.4 g/1
Change KNO3 to Kzsod 8.1 g/1
Add KH,PO, (monobasic) ' 12.7 g/1

Keep asparagine

MME-D NO3 only

5 - IS
Omit LH4NO3

Omit asparagine

MME-E NO, only

Omit NH4NO3
Omit asparagine

Double concentration of KNO3




MME~F

100
Media
Pine Growth Study Experiment #2 (continued)

NO4 and asparagine
Omit §H4NO3
Keep asparagine

Keer KNO3

MME~G

NO3 and asparagine
Oylt NH4N03 |
Keep asparagine

Double concentration of ﬁNOB

MME~H

Asparagine dnly

Omit NH4NO3

Change KNO3 to KZSO4 8.1 g/l
Add KHZPO4 (monobasic) 12.7 g/1

Keep asparagine

MME--I

Control

i1 basal media (keep NH N03, RNO

4 3

and asparagine)

NOTE:

pH adjustment with mono-and dibasic PO4 salts
purified agar used

2 gram inoculums

15 cultures started for each type

2 cultures sacrificed at each weighing date
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MODIFIED MURASHIGE AND SKOOG MEDIUM (M~-M medium)

Basal Medium

pH 5.7 - 5.8
MAJOR SOLUTION STOCK SOLN. STOCK SOLN. FINAL CONC.

g/m liter ml/liter mg/litexr
1) NH,NO, 16.5 1650.0
KNO, 19.0 1900.0
CaC12~2H20 4.4 ' 100.0 440.0
MgSO, - 7TH,0 3.7 v 370.0
KH, PO, 1.7 170.0
2) Na2 EDTA 3.725 10.0 37.3
Fe804-7H20 2;785 . 27.8
MINOR SOLUTION STOCK SOLN. STOCK SOLN. FINAL CONC.
gm/liter ml/liter mg/liter
3) HBO, 6.2 6.2
MnSO , - 7H,,0 22.3 | 22.3
ZnSO4=4H20 8.6 1.0 8.6
KI 0.83 0.83
Na2MoO4-2H20 0.25 0.25
Cu504-5H20 0.025 0.025
CoClzoGHZO 0.025 0.025
VITAMINS AND
AMINO ACIDS
4) Nicotinic acid 0.5 0.5
Thiamine HCL 0.1 1.0 0.1
Pyridoxine HCL 0.1 0.1
5 2,4 D 5.0 1.0 5.0
6) 1Inositol 10.0 10.0 100.0
7) Asparagine 100.0 1.0 100.0
8) Ascorbic acid 50.0 1.0 50.0
9) Sucrose 30 gm 3%

10) Agar 10 gm 1%



1éa

HMODIFIED !MURASHIGE AND SI00G MEDIUIl (M4M--1)

TISSUES CULTURED OW MEDIUM:

pH 507“"5.8

Solution
(1)

(2).

Solution

(3)

2 2

Stock

Solution,
Major Solution gm/liter
Component
_NH4N03 16.5
KNO3 19.0

A
CaClz.ZHZO .4
MgS0, . 7H,0 3.7
KHZPO4 1.7
NaZ“EDTA 7.45
FeSO4-7H20 5.57
Stack

Solution,
Minor Solution gm/liter
Component
HBO3 6.2
MnSO4.4H20 22.3
ZnSO4,4320 8.6
KI 0.83

!

Na2L003.2H20 0.25
CuSO4.5H20 0.025
CoCl,.6H,0 0.025

PINUS nalustris

PINUS lamhaortiina

PINUS elliottii

Stock
solution,
ml/liter

of medium

100.0

‘Stock
solution,
ml/liter

of medium

1.0

Final con-
centration

mg/liter
1650.0
1900.0
446.0
370.0
170.0

37.3
27.8
Final con-

centration
mg/liter

6.2
22.3
8.6
0.83
0.25
0.025
0.025



MODIFIED MURASHIGE AND SKOOG MEDIUM (i%i-1l) (continued)
Stock
Solution,
ml/liter

of medium

Vitamins and
Amino acids

Solution Component

(4)

(5)
(6)

(7)
(8)
(9)
(10)
(11)

(12)

Nicotinic acid
Thiamine HCl
Pyridoxine HC1l
Kinetin

2,4"D .
Inositol
Asparganine:
Ascorbic acid
Sucrose
Coconut milk
Yeast extract

Agar

Stock
Solution,
gm/liter

100

100

50

30

10

100

1¢3

Final con-
centration
mg/liter

50.0
3%
10%
1%

1.0%



MOTE:

Weighing
date

12/10/71
12/10/71
12/10/71
12/10/71
12/10/71
12/10/71
12/17/71

12/17/71
12/17/71
12/17/71
12/17/71
12/17/71
12/28/71
12/28/71
12/28/71
12/28/71
12/28/71
12/28/71
12/28/71
12/28/71
12/28/71
12/28/71
12/28/71
12/28/71

Data

Pine Growth Experiments #1 & 2

recorded in grams

Media
MME-1
MME-1
MHME~2
MME-2
MiIE-3
MME-3

MME--1

MME-1
MME-2
MME-2
MME-3
MME~- 3
MME-1
MME-1
MHiB-2
MME~-2
MME~ 3
MME-3
control
control
MME-4
MME~4
MME-5

MME-5

=

| ol [ - lo

N v R N e e

I N e N

NN N N

Fresh

Weight

5.0
5.6
4.7

4.0

Average
Fresh
Weight

5.3

3.55

6.65

3.5
7.15
7.7
6.9
3.95
3.4

3.8

Average
Dry Dry
Weight Weight
.22
.255
.29
.28
.26
.24
20
023
26
.25
. 295
034
.29
. 245
020
.19
.20
.21
.23
.28
.33
°26
265
.27
.36
.345
.33
.15 ,
.165
.18
.20
.18
-16
.21
.26
.31



Data (continued)

Weighing
date

12/28/71
12/28/71
1/ 3/72

1/ 3/72

1/ 3/72
1/ 3/72
1/ 3/72
1/ 3/72
1/ 3/72
1/ 3/72
1/ 3/72
1/ 3/72
1/ 3/72
1/ 3/72
1/10/172
1/10/72
1/10/72
1/10/72
1/10/72
1/10/72
1/10/72
1/10/72
1/10/72
1/10/72
1/10/72
1/10/72

Media
MHE-6
MIE-6
MHE -1

MME--1

b
k3
Y
3]
¥
N

MHE--4
MME-5
MME-5
MEE- 6
MME-6
MME-1
MME~1
MME-2

MME-2

control
control
MME--4
MME-4
MME-5

MME~5

No.

(=T N U '

o

N

T T o T N S R SR o

[\V]

Fresh

Weight

3.7

2.8

Average
Fresh

Weight
3.25

7.15

7.95
4.75
3.2
3.5
7.7
6.95
6.7
5.55
2.9

5.45

105

Average
Dry Dry
Weight Weight
.17
.195
.22
032
.325
.33
.33
-335
.34
.38
634
.30
- 26
. 265
.27
.21
.225
.24
.21
.23
.25
.34
.29
624
.32
. 315
.31
.29
.275
.26
.27
.25
023
.23
.205
.18
.44
033
.22
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Data (continued)

Average Average
weighing Fresh Fresh Dry Dry
date Media Ho. Weight Weight Weight Weight
1/10/72 T 6 1 5.0 .28
4,65 .295
1/10/72 MUIE-6 2 4.3 .31
1/18/72 MB-1 1 7.0 .31
' 6.9 .31
1/18/72 MIE--1 2 6.8 -
1/18/72 MHE-2 1 9.4 .32
, _ 7.15 .30
1/18/72 MMB-2 2 4.9 .28
1/18/72 MME--3 1 8.0 ‘ .35
‘ 8.35 .33
1/18/72 MME-3 2 8.7 .31
1/18/72 = MME-4 1 3.2 .21
, 3.45 .23
1/18/72 - MME--4 2 3.7 .25
1/18/172 MME-S 1 7.5 .35
6.65 .395
1/18/72 MME-5 2 5.8 <44
1/18/72 MME~6 1 4.2 .29
3.5 .28
1/18/72 MME-6 2 2.8 .27
1/25/72 HMME-4 1 9.1 .29
6.05 .30
1/25/72 MME-4 2 3.0 .31
1/25/72 MME-5 1 8.4 .45
7.05 33
1/25/72 MME-~5 2 5.7 .21
1/25/72 MME-6 1 3.1 <31
3.55 31
1/25/72 MME-~6 2 4.0 ~——



187

Data (continued)

Average Average
Weighing i _ Fresh Fresh Dry Dry
date Media No. Weight Weight Weight Weight
2/15 MME-1 1 1.5 .12 .
2.0 - 145
2/15 MHME~1 2 2.5 .17
2/15 MME~2 1 1.8 .12 _
, 1.9 -115
2/15 HMME~2 2 2.0 .11
2/15 MME=-3 1 2.8 .19
3.1 .215
2/15 HMME-3 2 3.4 _ ' .24
2/15 MME~4 1 1.5 _ .12
1.45 .115
2/15 HMME-4 2 1.4 .11
2/15 IME-5 1 1.0 .08
: 1.1 .08
2/15 MME-5 2 1.2 .08
2/15 MME-6 1 2.4 .17
- 2.05 .145
2/15 MME-6 2 1.7 .12
2/15  MME-control 1 5.3 .34 .
, 4.4 .305
2/15 MME-control 2 3.5 .27
2/22 MME~1 1 3.8 .23 -
3.45 . 215
2/22 MIE-1 2 3.1 .20
2/22 MUE-~2 1 2.1 .15 :
' 2.15 .145
2/22 MME-2 2 2.2 .14
2/22 MME-3 1 4.9 .25
' 5.45 .27
2/22 MME--3 2 6.0 .29
2/22 MME~-4 1 3.0 .21
2.55 .195
2/22 MME~4 2 2.1 .18



108
Data (continued)

‘ Average Average
Weighing Fresh Fresh Dry Dry
date Media No. Weight Weight  Weight Weight
2/22 MiiE~1 1 1.8 ' .14
. 1.75 .115
2/22 MME--5 2 1.7 .09
2/22 MIE-6 1l 1.2 .14
1.6 .15
2/22 MME-6 2 2.0 .16
2/22 MME-control 1 10.8 .43
) 8.4 .385
2/22 MME-oontrol 2 6.0 .34
2/29 MHE~1 1 1.3 .11
: 2.50 _ .17
2/29 MME-1 2 3.7 .23
2/29 MME ~ 2 1 1.4 .11
) 1.85 ' .14
2/29 MME-2 2 2.3 17
2/29 MME~3 1 4.8 .22
6.35 2.5
2/29 MME-3 2 7.9 .28
2/29 MME-4 1 1.0 .10
1.2 .11
2/29 MME~4 2 1.4 .12
2/29 MME-5 1l 1.1 .09
1.1 .085
2/29 ~ MME-5 2 1.1 .08
2/29 MME-6 1l 1.3 .14
2.15 .185
2/29 MHME-6 2 3.0 .23
2/29 MME~control 1 3.2 .25
3.1 .265
2/29 MME-control 2 3.0 .28
3/ 3 MME-A 1 3.1 .21
: 3.15 .22

3/ 3 MME-2A 2 3.2 .23



Data (continued)

Weighing
"~ date

3/
3/
3/
3/
3/
3/
3/
3/
3/
3/
3/
3/
3/
3/
3/
3/
3/
3/
3/
3/
3.
3/
3/

3
3

w W w w w

w W w

NN NN NN N W

Media

MME-B
MME-B
MME-C
MME--C
MME-D
MME~D
HMME~E
MME-E
MME~F
MHE~F
MHME-G
MME~G
MME-H
MHUE-H
MME-I
MME-I
MHE~1
MME~2
MIE-3
MME~4
MHME~5
MME-6

MME-control

Ho.

N =N

I S

Fresh

Weight

Average
Fresh
Weight

Dry
Weight

3.05

3.55

3.55

2’7

2.7

3.4

.17
.20
.21
.20
.19
.22
.14
.19
.21
.18
.17
.17
.18
.18
.21
.22
.36
.25
.34
.10
.15
.29

.40

109

Average
Dry

Weight

.185
.205
. 205
-165
°195
<17
-18

.215



{continued)
hing

/13 MME-A
3/13 MME~A
3/13 SPIE~B
3/13 MHME~B
3/13 MME-~C
3/13 MME-C
3/13 ME~D
3/13 MME-D
3/13 MME-E
3/13 MME-E
3/13 MME-F
3/13 MME--F
3/13 MME~G
3/13 MME~G
3/13 MHE-H
3/13 MME~H
3/13 MHE-T

3/13

MHE~T

HNW\\)}-‘NHMHNHNHNHNH

L3

1190

Average Average
Fresh Fresh Dry Dry
Weight Weight  Weight Weight

3.0 .20

4.05 .27
5.1 . 34
3.9 .24

4,95 . 275
6.0 .31
5.8 .36

5.2 3.45
4.6 .33
4.9 .26

5.25 .29
5.6 .32
4.1 .29 ,

, 4.3 , 2.75
4,5 .26
6.0 .35 ‘
_ 6.1 - 345

602 I34
408 025

5.25 «285
5.7 .32
4.8 .29

4,2 «27
3.6 .25
3.7 .21

3.9 .22
4.1 .23
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Data (continued)

Average Average
Weighing Fresh Fresh Dry Dry
date Media No. Weight  Weight Weight Weight
3/23 MME-A 1 7.4 .44
7.25 .42
3/23 MME-A 2 7.1 .40
3/23 MME-~B 2 7.8 .39
6.85 - 37
3/23 MHME-B 1 5.9 .35
3/23 MHME-C 2 5.7 .39
. 6.95 .425
3/23 HMME-C 1 8.2 .46
3/23 MME-D 1 7.1 .35
8.95 .41
3/23 MME-D 2 10.8 .47
3/23 MME~E 1 5.3 .31
5.65 .325
3/23 MME-E 2 6.0 .34
3/23 MME~F 1 8.9 .73
9.55 .595
3/23 MME~F 2 10.2 .46
3/23 MME-G 1 6.5 .38
6.3 .37
3/23 MME~-G 2 6.1 .36
3/23 MME-H 1 4.9 .36
4.75 .32
3/23 MME-H 2 4.6 .28
3/23 MME-I 1 10.7 .45
9.5 .415
3/23 MME-I 2 8.3 .38
4/ 9 MME-A 1 2.3 .21
2.6 .23
4/ 9 MME-A 2 2.9 .25
4/ 9 MME-B 1 2.0 2.0 .16 .16
4/ 9 MME-C 1 3.0 .28
2.7 .25
4/ 9 MME-C 2 2.4 .22
4/ 9 MME-D 1 2.4 .20
2,25 . .195
2 2.1 .19

4/ 9 MME-D



Data (continued)

Weighing
date
4/ 9
4/ 9
4/11
4/11
4/11
4/11
4/11%
4/11
4/11
4/24
4/24
4/24
4/24
4/24
4/24
4/24
4/24
4/24
4/24
4/24
4/24
4/24

Media

MIE~E
MHE~E
MME-F
MME~G
MME-G

MME~H

- MMIME~H

MME~I
MME~I
MME~A
MME--A
MME-B
MME-B
MME-C
MME=-C
MME-D
MME~D
MME-E
MME~F
MME-F
MME-G

MHME-G

HoOoHON O N RN N OH NN N e

N

112

y Average Average
Fresh Fresh Dry Dry
Weight Weight Weight Weight

2.3 .20

2.15 . 215

200 023 N

3.0 023 023

2.0 17

2.25 .185

2.5 .20

2.3 .21

2.15 .195
2.0 .18
2,8 <17

2.9 175
3.0 .18
3.0 .31

3.05 .325
301 034
2.6 .27

1.7 .23
0.8 .18
3.2 .32

3.6 .335
4.0 .35
3.9 .31

3.45 .29

3.0 .27

2.2 .27 <27

4.8 .30

4.15 .27

3.5 .24

3.9 .37

3.4 -315
2.9 .26



Data (continued)

Weighing

date

4/25

4/25

4/25

4/25

5/
5/
5/
5/
5/
5/
5/
5/
5/
5/
5/
5/
5/
5/
5/
5/
5/
5/

9

)

\O O W YW VW

O W W

Media

MME~H
MME-H
MME--I
MME~TI
MME-2
MHME-A
MHME-B
MME-B
MME-C
MME-C
MME~D
MME-D
MME~E
MME-E
MME-F
MME~F
MME-G
MME-G
MME-~H
MME-I

MME-I

No.,

O R O

N -

i T i S T N T I R

N

Fresh
Weight Weight

Average

iresh

2.5

2.65

4.75

4.65

5025

6.35

5.25

4.05

8.25

Dry

Weight

.25
.24
.32
.30
.40
.46
.32
.41
.40
.40
.36
.35
.35
.41
.41
.29
.36
.41
.32
.17
.40

.34

113

Average
Dry
Weight

. 245

031

.43

-365

.40

. 355

.38

-35

<385

.245

.37
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Data
Pine Growth Study Experiment #1
Summary
Age Fresh Weight in Grams Dry Weight in Grams

Weighing in
date Day$ control (%iE-1 MME-2 MME~3  control IME-1 MME-2 MME-3

(1st generation)

12/10/71 7 -~ 5.3 4.35 3.55 me  ,255 .26 .23
12/17/71 14 3.5 6.65 4.65 3.5 .165 .295 .245 .20
12/28/71 25  3.95 6.5 6.25 5.45 .19 .28 .265 .345
1/ 3/72 31 4.05 7.i5 9.55 7.95 .245  .325 .335 .34
1 /10/72 38  5.55 7.7 6.95 6.7 .25 .29  ,315 .275
1 /18/72 46 - 6.9 7.15 8.35 e .31 .30 .33

(2nd generation)

2 /15/72 15 4.4 2.0 1.9 3.1 .305 .145 .115 .215
2 /22/72 22 8.4 3.45 2.15 5.45 .385 . 215 -145 .27
2 /29/72 29 3.1 2.5 1.85 6.35 . 265 <17 .14 .25

3/ 7/72 36 7.1 6.9 3.8 8.7 .40 .36 .25 .34



Pine Growth Study Experiment #1 - Summary (continued) 115

Age Fresh Weight in CGrams Dry Weight in Grams
Weighing in o
Date Days MiiE~4 MME--5 MIBE-€ MHE-~4 MME-5 MME--6

(1st generation)

12/28/71 7 3.4 3.8 3.25 .18 .26 .195
1/ 3/72 13 4,75 3.2 3.5 .265 .225 .23
1/10/72 20 2.9 5.45 4.65 .205 .33 .295
1/18/72 28  3.45  6.65 3.5 .23 .395 .28
1/25/72 36 6.05 7.05 3.55 .30 .33 .31

(2nd generation)

2/15/72 15 1.45 1.1 2.05 -115 .08 - .145
2/22/72 22 2.55 1.75 1.6 .195 .115 .15
2/29/72 29 1.2 1.1 2.15 .11 .085 .185

3/ 7/72 36 1.3 2.0 4.0 .10 .15 »29



Data 1ls
Pine Growth Experiment #2

Sunnary :
_ » Fresh Weight in Grams .
Weighing ) MsiE~ MME- MiIE- MME- MME- MME- MME~ MME- MME-
Date Days A B C D E F H H I

— — — — — — —— —

(1st generétién) .
3/ 3/72 10 3.15 3.05 3.75 3.55 2.55 3.55 2.7 2,7 3.4

3/13/72 20 4.05 4.95 5.2 5.25 4.3 6.1 5.25 4.2 3.9
3/23/72 30 7.26 6.85 6.955 8.95 5.65 9.55 6.3 4.75 9.5

(2nd generation)

4/ 9/72 11 2.6 2.0 2.7 2.25 2.15 3.0 2.25 2.15 2.9
4/25/72 25 3.05 1.7 3.6 3.45 2.2 4.15 3.4 2,65 4.75

5/ 9/72 39 4.85 4.05 4.85 5.25 6.35 5.25 4.05 2.45 8.25



Pine Growth Experiment #2 - Summary (continued)

Age
Weighing in

Dry Wéight in Grams

117

Date Days MME- MHE- MIE-

B B ¢
(1lst generation)

3/ 3/72 10 .22 .185 .205
3/13/72 20 .27 .275 .345

3/23/72 30 .42 .37 425

(2nd generation)

4/ 9/72 11 .23 .16 .25
4/25/72 25 .325 .23 -335

5/ 9/72 39 .43 .365 .40

MIAE~

.215
022
.415

.195 .175

031

- 37
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APPENDIX

A graphical illustration of the data on the experiments

of nutritional studies on Pinus elliotti is attached.
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During the months of June through October, efforts were
directed toward nutritionai experiments with pine tissue cultures.
These experiments were based on the effects of media modification.
growth rates (fresh weight and dry weight) and protein concentration
of periods of growth. Included is a special report on this project.

Regular maintenance of plant tissue cultures continued. This
entailed the supply to N.A.S.A. each month of media to enter into the
barrier and subculture of the plant tissues there. Approximately,
500 cultures were transferred each month at N.A.S.A. alone. Back-up
cultures were maintained in our laboratories for support purposes.

A list of the extensive preparation of media prior to termination

of contract is included in this report.

Apollo 17 Media Preparation

The following media was prepared in our laboratory for mission

experiments and maintenance of the tissue cultures at N.A.S.A.

Media # Small Jars¥* # Mason Jars¥* Cultures
Knudson's 300 (92 150 (61) PTA, L. Cer,
March.

SV'sg 300 (92) 150% (62) Soy., Sun., Carrot
Heller's 100 (32) 50 (28) Rice

MOD MUK. 100 (32) 50 (22) Pine

MM-1A 100 (3%) 50 (2%) Corn

10 X w 100 (32) 50 (22) Tob.

* []
£ = 1liters
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NUTRITIONAL STUDY - GROWTH OF PROTEIN DATA

ON PINUS ELLIOTTI TISSUE CULTURES

Cultures were initiated on the following medias:

AA 1 through AA 7

v *

MM 1%
MM E-E
MME-3

The cultures were initiated on two different dates. AA 1 through
AA 6 were initiated on 6/9/72, the others were initiated (AA 7, MM *,
MM 1*, MME-E, and MME-3) on 6/15/72. Fifteen cultures of Pine E.
were initiated. Two grams of pine were initiated on each media.

Every 5 days 2 cultures were sacrificed from each media and
weighed, then assayed for the protein content. When assaying for
protein, 0.5 gms of culture was taken from each culture (the rest of
the culture was frozen and then freeze-dried) and combined with. the
0.5 gms of the other culture of the same media then assayed.

The cultures were homogenized with 5.0 mls of 7.5 pH Tris buffer.
They were centrifuged for 15 minutes at 17,500 r.p.m. The supernatant
was used, 1 ml was combined with 4.0 mls of Biuret solution, was
shakén,and set aside for 30 minutes. Then the samples were read on
the Beqkman DB at 550 mu.

Calculations and data are on the following pages:
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The dates on the following tables refer to the days the tissues

were harvested. The corresponding ages of the tissues are

listed below for each date.

6/14/72 5 day.old cultures harvested

6/19/72 10 days old cultures harvested
6/24/72 15 days old cultures harvested
6/29/72 20 days o0ld cultures harvested
7/ 4/72 25 days old cultures harvested

7/ 9/72 30 days old cultures harvested

6/20/72 5 day old cultures harvested

6/25/72 10 days old cultures harvested
6/30/72 15 days old cultures harvested
7/ 5/72 20 days old cultures harvested
7/10/72 25 days old cultures harvested

7/15/72 30 days old cultures harvested
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6/4/72~ Growth Samples AA 1-6

, amt. fresh wt. _ dry wt.
Sample fresh wt.(mg) used for protein(mg) amt. frozen(mg) (frozen)
AAl a 2.975 0.5 2.475 .17
AAl b 3.18 0.5 2.680 .19
AA2 a 2.25 0.5 1.750 .14
AA2 Db 1.98 0.5 1.480 .11
AA3 a 2.41 0.5 1.910 .13
AA3 b 2.625 0.5 2.125 .15
AR4 a 2.32 3.5 1.820
AAd b 2.165 0.5 - 1.665 115
AA5 a 2.105 0.5 1.605 .11
AA5 b 2.75 g.5 2.250 .16
AA6 a 1.995 0.5 1.495 .13
RAG6 Db 2.315 0.5 1.815 . 145
AAl a .20
AAl b .225
AA2 a .180
AA2 b . 146
AA3 a .163
AA3 b .184
AA4 a .165
AA4 Db .148
AR5 a .143
AA5 b .195
Ah6 a .173
-AA6 Db .184



6/19/72 - Growth Samples AA 1-6
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Amount
Fresh wt. Amount
Fresh wt. Used for Frozen wt. Dry wt. Dry wt.
Sample (mg) Protein (mg) Frozen Total
AR 1 a. 3.34 0.5 2.840 .24 282
1l b. 2.905 0.5 2.405 .18 .217
AA 2 a. 2.685 0.5 2.185 .185 .227
RA 2 b, 2.54 0.5 2.440 205 <246
AA 3 a. 3.52 0.5 3.020 . 205 .238
AA 3 b, 3.635 0.5 3.135 .185 .214
AA 4 a. 2,26 0.5 1.760 .125 .160
AA 4 b, 2.06 0.5 1.560 .11 144
AA 5 a. 2.42 0.5 1.920 .14 .176
AA 5 b. 2.79 0.5 2.290 .195 .237
“RAA 6 a. 2,12 0.5 1.62 .15 .196
AA 6 b. 1.765 0.5 1.265 .11 .153
€/24/72 - Growth Samples AA 1 + AA 6
Anmount
Fresh wt. Amount
Fresh wt. Used for Frozen wt. Dry wt. - Dry wt.

Sample (mg) Protein (mg) Frozen Total
AA 1 a. 3.845 0.5 3.345 .245 .281
AR 1 k. 4.07 0.5 3.570 .25 .284
AA 2 a. 2.61 0.5 2.110 175 .216
AA 2 b. 2.47 0.5 1.970 .165 .206
AA 3 a. 4.27 0.5 3.770 .215 .243
AA 3 b. 5.73 0.5 5.230 .27 .295
AA 4 a, 2.67 0.5 2.170 .225 .276
AA 4 b, 2.17 0.5 1.670 .135 174
AA 5 a. 2.13 0.5 1.630 17 2222
AA 5 [, 3.79 0.5 3.200 .215 . 248
AA 6 a. 1.53 0.5 1.030 .09 .133
AA 6 b. 2.31 0.5 1.810 .15 .191



6/29/72 - Growth Samples

AA 'l - AA 6
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Amount
Fresh wt. Amount
Fresh wt. Used for Frozen wt. Dry wt., Dry wt.
Sample (mqg) Protein (mg) (mg) Total
AA 1 a. 4.94 0.5 4.440 .355 .372
AA 1 b. 4.63 6.5 4.130 .31 . 347
2 a.  3.01 0.5 2.510 .21 .251
2 b.  3.97 0.5 3.270 .26 .299
2A 3 a. 4.64 0.5 4.140 .275 .308
AA 3 b. 7.04 0.5 6.540 .28 .301
AA 4 a. 3.15% 0.5 2.650 .26 .309
AA 4 Db, 4.89 0.5 4,390 . 295 .328
AA 5 a.  3.56 0.5 3.060 .23 .267
AA 5 b. 2.08 0.5 1.580 .16 .210
ARA 6 a. 1.98 0.5 1.480 .13 173
AA 6 D. 2.47 0.5 1.970 .17 212
7/4/72 - Growth Samples AA 1+ AA 6
~Amount
Fresh wt. Amount
Fresh wt. Used for Frozen wt. Dry wt. Dry wt.
Sample (mg) Protein (mg) (mg) Total
AA 1 a. 5.61 0.5 5.110 .32 .351
AA 1 b, 4.55 6.5 4.050 .37 .415
AA 2 a. 3.87 0.5 3.370 .24 .275
AA 2 Db. 5.18 6.5 4.680 . 305 . 337
AA 3 a. 5.08 0.5 4.580 .28 .310
AA 3 b, 3.00 0.5 2.500 .20 . 240
AA 4 a. 2.74 0.5 2.240 .20 244
AA 4 Db, 6.06 0.5 5.560 .33 .359
AA 5 a, 3.85 0.5 3.360 .24 .275
AA 5 b, 3.94 0.5 3.440 .25 .286
AA 6 a. 1.9¢ 0.5 1.490 .15 . 200
AA 6 b. 2,13 0.5 1.630 165 . 215



7/9/72 - Growth Samples AA 1 - AA 6
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Amount
Fresh wt. Amount
o Fresh wt. Used for Frozen wt. Dry wt. Dry wt.

Sample (mg) Protein (mg) {mqg) Total
AA 1 a, 6.02 0.5 5.520 .33 .359
AA 1 b. 5.23 0.5 4.730 .345 .381
AA 2 a. 4.35 0.5 3.850 .55 .621
AA 2 b. 5.53 0.5 5.030 .36 .395
AA 3 a.  9.67 0.5 9.170 .60 .632
AA 3 b, 7.60 0.5 7.100 .92 .984
AR 4 a. 7.17 0.5 6.670 .34 .365
AA 4 b. 6.23 0.5 5.730 .34 .369
AA 5 a. 3.33 0.5 2.830 .26 .305
AA 5 b. 4.73 0.5 4.230 .275 .307
AR 6 a. 2.33 0.5 1.830 .18 .228
AA 6 b. 1.82 0.5 1.32 .13 .178

5. Day 0ld Cultures

Volume in Ml's of Samples after Centrifuging

10 Day 0l1ld Cultures

AA 7, MM, MM1¥, MME-3, MME-E

15 Day 0l1ld Cultures

AA 7
pimM™
Mgl *
MME-E
MME-3

20 Day 0ld Cultures

5.1
5.1
5.1
5.2
5.2

aa7 =
m* =
wil* =
MME-E =

MME-3 =

25 Day 0ld Cultures

5.1
5.2
5.2
5.1
5.1

AA 7
mM*
a1

MME-E

MME -3

5.0
5.1
5.1
5.0
5.1

30 Day 01d Cultures

AA 7
*
MM

M1 %

MME-E /

MME-3

5.1
5.2
5.2
5.0
5.1

AA 7 =

5.2
5.1
5.1
5.1
5.2

AA 7
*

MM =

*

MML® =
MME-E =
MME-3 =

5.2
5.2
5.2
5.1
5.1
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6/20/72 ~ Srowth Samples AA-7, MMY, MM1*, MME-E, MME-3
(5 day old cultures)

Amount
Fresh wt, Amount
Fresh wt. Used for Frozen wt. Dry wt. Dry wt.
Sample (mg) Protein (mg) (mg) Total
AA 7 a. 2.29 0.5 1.790 .195 . 249
b. 2.16 0.5 1.660 .185 . 240
i a. 3,27 0.5 2.770 .195 229
b. 2.22 0.5 1.720 .12 .154
MM1¥.  a., 2,32 0.5 1.820 .14 .178
b. 2.935 0.5 2.435 .16 192
MME-E a. 2.27 0.5 1.770 .11 .140
b. 2.17 0.5 1.670 .15 .194
MME-~3 a. 2.57 0.5 2,070 .12 .148
b. 2.91 0.5 2.410 .13 156
6/25/72 - Growth Samples AA 7, MM*, MM1*, MME-E, MME-3
(10 day old cultures)
o Amount
Fresh wt. Amount
Fresh wt. Used for Frozen wt. Dry wt. Dry wt.
Sample (mg) Protein {(mg) (mg) Total
AA 7 a. 1.92 3.5 1.420 .16 .216
b. 2.43 0.5 1.930 .22 .276
M a. 3.09 0.5 2.590 .19 .226
b. 3.30 c.5 2.800 .215 . 253
MM1*  a.  2.92 0.5 2.420 .175 .211
b. 3.43 0.5 2.930 .215 .251
MME-E a, 2.37 0.5 1.870 .18 227
b. 2.81 0.5 2.310 .16 .194
MME-3 a. 3.12 6.5 2.620 .155 .184

b. 2.30 0.5 1.800 .10 .127
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6/30/72 Growth Samples - AA 7, MM , ¥M1%, MME~E, MME-3

(15 day old cultures)

Afmount
, Fresh wt. Amournt
Fresh wt, Used for Frozen wt Dry wt. Dry wt.
Sample (mg) Protein (mg) (mg) Total
1 BA7  a. 1.73 0.5  1.230 .13 .182
b. 1.44 0.5 0.940 .10 .153
2 MM* a. 3.30 0.5 2.800 .21 .247
b. 4.26 0.5 3.760 .26 .294
3 ma1* a. 3.16 0.5 2.660 .205 .243
b. 3.66 0.5 3.160 .215 .248
4 MME-E a. 2.60 0.5 2.100 .20 .247
b, 2.41 0.5 1.910 .20 .252
5 MME-3 a. 5.68 0.5 5.180 .27 .295
b. 5.99 0.5 5.490 .305 2332
7/5/72 - Growth Samples &A 7. -, MM1®, MME-E, MME-3
(20 day old cultures)
Amount
Fresh wt. Amount
Fresh wt. Used for Frozen wt. Dry wt. Dry wt.
___Sample (mg) Protein (rng) (mg) Total
1. aa 7 a. 1.87 0.5 1.370 .155 .210
b. 1.82 0.5 1.320 .15 .199
2 m" a. 7.92 0.5 7.420 .385 .410
b. 4.94 0.5 4.440 .28 .311
3 mMM1* a. 3.30 0.5 2.800 .19 .223
b. 6.69 0.5 6.190 T .34 .367
4 MME-E a. 2.46 0.5 1.960 .16 .200
b. 3.20 0.5 2.700 .23 .272
5 MME-3 a. 5.04 0.5 4.540 .25 .277
b. 5.27 0.5 4.770 .27 .298



7/10/72. Growth Samples AA 7, MM*, MMl*, MME-E, MME-3

-
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(25 day o0ld cultures)
Amount
Fresh wt. Amount
Fresh wt. ysed for Frozen wt. Dry wt. Dry wt.
Sample (mg) Protein (mg) (mg) Total
AA 7 a. 1.80 0.5 1.300 .15 .207
b. 2.09 0.5 1.590 .17 .223
mm* a. 6.06 0.5 5.560 .32 .348
b. 9.40 0.5 8.900 .655 . 691
mm1* a. 4.89 0.5 4.390 .27 .300
b. 4.72 0.5 4,220 .33 .368
MME-E a. 1l.86 0.5 1.360 .16 .218
b. 2.86 0.5 2.360 .24 . 290
MME-3 a. 5.94 0.5 5.440 .31 .338
b. 7.27 0.5 6.770 .36 . 386

7/15/72 - Growth Samples

(30 day old cultures)

aa 7, mM*, mM1%, MME-E, NNE-3

Amount
Fresh wt. Amount
Fresh wt. Used for Frozen wt. Dry wt. Dry wt.
Sample {mg) Protein (mg) (mg) Total
AA 7 a. 2.09 0.5 1.590 .195 .255
b. 2.03 0.5 1.530 .18 .238
MM * a. 6.15 0.5 5.650 .30 .326
b. 5.08 0.5 4,580 .25 .277
M1 a. 6.90 0.5 6.400 .985 1.061
b. 7.59 0.5 7.090 - .44 .470
MME-E a. 3.63 0.5 3.130 .26 .301
b. 2.25 0.5 1.750 .215 .275
MME~3 a. 5.85 0.5 5.35¢C .31 .338
b. 7.394 0.5 6.894 .36 .385
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Extraction Procedure

Take Pine E. sample (1 gram sample)
Use 5 mls of TRIS buffer pef gram of cells.
Homogenize 2-3 minutes. |
Centrifuge at 17,500 RPM's for 15 minutes.
Save supernatant for protein measurements.
Assay by Biuret method - Run in dﬁplicate.
Dilution:

Biuret Method
To 1.0 mls prétein sample add 4.0 mls of Biuret solution.
Shake well.
Allow to stand for 30 minutes.

Read at 550 mu.

Biuret Solution
(a) Dissolve 1.5 gm CuSO4-5H20 (cupric sulfate)

(b) Add 6.0 gm NakC H406-4H20 (sodium potassium tartrate) in
500 mls of Hzé

Add 300 mls of 10% NaOH (10 gm/100 mls)
Dilute to 1 liter with distilled H,0

Store in a dark container.

TRIS. Buffer
0.1 M Tris. pH 7.5
Use 12.1 grains of Tris (m.w. 121.1)

Dissolve in 900 mls of (D.D.) H.O

2
Adjust the pH with concentrated HCl1l to 7.5

Bring the total volume to 1 liter
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Biuret-Standard Curve Method
1. Use a 10 mg/ml stock solution for the assay (10 mg/ml = 0.5 g/
50 mls) (use BSA for protein)

2. pPipette as follows for the given concentrations:

Stock Solution Dist. H0 Concentration
1.0 mls 0 10 mg/ml
0.8 mls 0.2 nls 8 mg/ml
0.6 mls 0.4 mls 6 mg/ml
0.4 mls 0.6 mls 4 mg/ml
0.2 mls 0.8 mls 2 mg/ml
0.1 mls 0.1 mls 1 mg/ml

3. To these add 4.0 mls of biuret solution
4. Shake well
5. Wait 30 minutes (only, no more) and read at 550 mu

6. Plot absorbance vs mg protein/ml
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Procedure for Calculations
1. Standard Curve of Biuret Hethod.
Ave, of Sample Absorbance - Ave. of Blank Absorbance
= Absorbance.
2. Protein Determination
(X) mls of total supernatant volume

X(X) mgs/ml Concentration

(X) mgs of total protein in 1 gram of sample

{¥) grams fresh weight

(X) mgs of total protein in the sample
3. Total Dry weight Determination

dry weight (from frozen protein). X (total dry weight)

fresh Weight- amount used for ' fresh weight
assay

4. Percent increase of the fresh weight.

Ave of fresh weight of samples
-(X) grams (original initiated weight)

(X) answer
\ l/.‘
(X) X 100 = (X)% increase in fresh weight
\i?)gms (X) answer

initial fresh weight

5. Percent increase of protein concentration.
Final protein concentration (ave.)

- Initial protein concentration (ave.)

protein conc. (ave.) - initial protein conc. (ave.) y 140 =
initial protein conc. (ave.)

Percent increase of protein concentration.
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Data on 2 gram Initiation Sample

Volume of Supernatant

mls
1. 5.2
2, 5.0

Readings of the Initiation Samples

Sample Absorbence
Blank a. .075
b. .075
1. a. .22
: = .145
b. .22
2. a. .19
=,115
b. .19
Protein Content
Total protein of 1 gm Total protein of the Sample
1. 15.340 mg Ave 30.680 mg Ave
2. 11.250 mg Ave 22,500 mg Ave

Ave. of Total protein

26.590
Biuret Standards Standard Curve #1
Conc. Absorbence Ave Ave. Bl.
18 wg/ml .54k\ o535 = : .47
537 |
8 mg/ml .4551\ .45 = .39
,45“/
6 mg/ml .36 = .30

.36
4 mg/ml .265 = .20
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Biuret Standards Standard Curve #1 (contd.)
Conc. Absorbence Ave Ave. Bl.
- . 265
2 mg/ml .165 = .10
.165
1 mg/ml .115 = .05
.115
Blanks .06
.06
Biuret Standards Standard Curve #2
Conc. Absorbence Ave Ave. (to be plotted)
10 mg/ml .53 - : _ :
.54 = .53 = .47
8 mg/ml .45 =
| .45 -39
6 mg/ml .36 _
,,36 - 030
4 mg/ml .26 _
26 = .20
2 mg/ml .165 _ ‘
.165 = -10
1 mg/ml A1 - -
’115 - -ll - 005
Blank .065

.065
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6/14/72 - Protein of Samples AA 1 + AA 6 153

Total Protein in 1 gm

17.550
20.670
22.790
7.280
6.240
17.160

Ave
Ave
Ave
Ave
Ave
Ave

Total Protein of the Sample

54.001
43.717
57.362
16.321
15.144
36.979

6/19/72 ~ Protein of Samples AA 1 -+ AA 6

Total Protein in 1 gm

15.000
20.000
13.750
9.500
15.300
9.000

Ave
Ave
Ave
Ave
Ave
Ave

Total Protein of the Sample

48.391
56.240
49.183
20.520
39.856
17.478

6/24/72 -~ Protein of Samples AA 1 > AA 6

Total Protein in 1 gm

17.160
16.640
15.500

7.540
13.000
10.200

Total Protein in 1 gm

20.250
16.830
15.300
19.000
12.240

9.945

Ave
Ave
Ave
Ave
Ave
Ave

Ave
Ave
Ave
Ave
Ave
Ave

Total Protein of Sample

67.902
42.265
77.500
36.493
37.895
19.200

Total Protein of the Sample

95.896
57.053
89.352
79.380
34.516
22.127

Ave
Ave
Ave
Ave
Ave
Ave

Ave
Ave
Ave
Ave
Ave
Ave

Ave
Ave
Ave
Ave
Ave
Ave

Ave
Ave
Ave
Ave
Ave
Ave



6/20/72 - Protein of Samples

Total Protein in 1 gm

AR 7 6.630 Ave
MH* 11.985 Ave
MM1* 10.965 Ave
MME ~E 15.600 Ave
MME-3 13.520 Ave

6/25/72 - Prqtein of Samples

Total Protein in 1 gnm

AA 7 7.140 Ave
MM* 11.180 Ave
MM1#* 12,220 Ave
MME~E 13.260 Ave
MME-3 10.965 Ave

154

AA 7, MM*, MM1¥%, MME-E, MME-3

Total Protein of the Sample

14.751
32.898
28.805
34.632
37.044

AA 7, MM*, MM1¥,

Ave
Ave
Ave
Ave
Ave

MME-E, MME-3

Total Protein of the Sample

15.529
35.720
38.798
34.343
29.715

Ave
Ave
Ave
Ave

Ave

6/30/72 ~ Protein of Samples AA 7, MM*, MM1*, MME-E, MME-3

Total Protein in 1 gm

AA 7 3.850 Ave
MM* 17.850 Ave
MM1# 9.690 Ave
MME-E 16.500 Ave
MME-3 15.300 Ave

7/5/72 - Protein of Samples

Total Protein in 1 gm

AA 7 7.905 Ave

MM* 14.040 Ave
MM * 16.120 Ave
MME-E 17.750 Ave
MME-3 14.790 Ave

Total Protein of the Sample

6.102
67.473
33.042
41.332
89.275

Ave
Ave
Ave
Ave

Ave

AR 7, MM*, MMl*, MME-E, MME-3

Total Protein of the Sample

14.584
90.277
80.519
50.232
76.242

Ave
Ave
Ave
Ave
Ave
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7/4/72 - Protein of Samples AA 1 + AA 6

Total Protein in 1 gm

16.640
20.280
11.220
16.830
13.260
13.770

7/9/72 - Protein of Samples

Ave
Ave
Ave
Ave
Ave
Ave

Total Protein in 1 gm

22.440
21.9230
15.600
15.600
13.520
15.810

Ave

Ave
Ave
Ave
Ave
Ave

155

Total Protein of the Sampie

84.531
91.767
45.328
74.052
51.647
28.366

AA 1> AA 6

Ave
Ave
Ave
Ave
Ave
Ave

Total Protein of the Sample

126.225
108.334
134.706
104.520

54.485
32.805

Ave
Ave
Ave
Ave
Ave
Ave



7/10/72 - Protein of Samples

Total Protein of 1 gm

AR 7 9.672 Ave
MM* 12.903 Ave
MM1* 15.300 Ave
MME-E 22.287 Ave
MME-3 13.780 Ave

7/15/72 - Protein of Sample

Total Protein of 1 gm

AA 7 5.200 Ave
MM* 13.000 Ave
MM1* 12.220 Ave
MME-E 16.575 Ave
MME-3 11.985 Ave

156
AA 7, MM*, MM1*, MME-E, MME-3

Total Protein of the Sample

18.812
99.740
73.516
73.212
91.016

AA 7, MM*, MM1*, MME-E, MME-3

Ave
Ave
Ave
Ave
Ave

Total Protein of the Sample

10.7120
72.9950
88.5339
48.7305
79.3646

Percent Increase of Protein and Fresh Weight

AA 7 Protein
' Fresh Weight

MM* Protein
Fresh Weight

MM1* Protein
Fresh Weight

MME-E Protein
Fresh Weight

MME-3 Protein

Fresh Weight

Percent

59.7%
7.7%
174.5%
221.5%
232.9%
149.7%
83.2%
41 .5%
198.4%
157.7%

Ave
Ave
Ave
Ave
Ave
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REPORT ON PLANT TISSUE CULTURES .
FOR APOLLO 14 MISSION

Report -

Memo ~ COnditxons of mission~required
' plant tissue cultures - January 11, 1971

Table I: Required Plant Tissue Cultures
for Apollo 14

Table II: Needed Mission-Ready Cultures as
Replacements, Supplements or Additions

COntamxnation Checks 01 2, 3; Methods, Datea
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Report on Plant Tissue Culture

for .Apollo 14 Mission

By September 21; 1970, the required plant tigsue cultures had
been delivered to N.A.S.A. for use in the Apolld 14 mission
(Table I). The cultures were prepared»in pint-size Mason jars,
sealed tightly with the Mason jar lids, labeled with the name
of the species, the media, the number of the culture, and the
‘last transfer date. The plant tissue was purposely used in
‘such‘abundance as to cover the surfade of the media in each jar.
In this way, the required humber of cultures (Table I) could be
easily subcultured from each pint size culture; and only a few,
approximately fifty, Mason jar cultures would have to go through
the gas decontamination in the cabinet lines. The cultures
had been through £wo contamination checks using thioglycolate
and sabouraud media, and according to such checks had been'
accepted as free from bécteria and fungus. Only those cultures
showing no contamination on both checks were delivered to N.A.S.A.
the data on the two contamination checks included at the end of
the report).

Visuil,contamination later_appeared in the following pint-
gize cultureg 2-carrot, z;todea barbara,.l-pteridium, l-lycopodeun,
Except for{todea, no corresponding contamination appeared in the
sabouraud ;nd thioglycolate checks. The contaminated cultures
were-removeé from the cabinet lines. The remaining cu{Fureé '
were to be maintained using media prepared by the University of

Hougton.
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Renort on Plant Tissue Culture
for Avollo 14 Mission (continued)

By December, all pine cultures in the cadbinet lines were dead,
the Marcaantia was dead. HLaplopappus was no longer green, but rather

-. C. Walkinshaw and Jo Ann Fowler the

[&]

tan-coliorxed. 2According to

condition of the culiures was as follows:

in acceptable to Se TG be to be
condition senlacad suppicmented added
Soybean Marchantia : " . Haplopagpus Carrot
Sunflower ‘Pinus clliotwil Lettuce Coxrn
Okra ~Pinus lambertiana D. Caxrot Euphorbia
Rice 2inus salustris PT
Tobacco . - TD3

. L. Cer

The needed cultures were put through a contamination check (#3)"
with sabouraud and thioglycolate media and were prepared for delivery
to N.A.S.A. by the deadline set for January 11, 1971. On Thursdéy, |
Jaauary .7, 1971, a posiponement on the primary mission tissue

cultures was decided upon. This included carrot, corn, euphorbia,

and pinus elliotii -~ all of which had already been prepared. Thus,
the celivery rade on January ‘11, 1971, included onl&. the culture

needed for the west-side cabinet lines iﬁ R 1~-104 of the L.R.L. A
report (mémo) was submitted to Dr. Walkinshaw from Jo Ann Fowler on
the conditions existing at that time. (Refer to respective report:

Mission-Required Plant Tissue Cultdres).
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Report on Plant Tissue Culture
for Apollo 14 Mission (continued)

Subsequently, a second deadline was set for Januiry 25, 1971

for carrot, euphorbia, and pinus elliotii - all to enter the

east-side cabinet lines. The following were delivered to

N.A.S.A. on January 24, 1971 to meet the deadline:

sgecies media number
Carrot . sv 40
Euphorbia sv 40

Pinus elliotii MM-1 . 40

All éultures were as follows:

1.> Sealed with Mason jar lids.

2. Labeled on lid for maintenance purposes (name
of culture, number of culture for contamination -
check, last transfer date).

3. Without white gum label due to request by
Dr. Walkinshaw.

4. Except for carrot, all cultures presently under-
going their contamination check. - '

Therefore:
1. Lids on carrot cultures should be removed as soon
as gas decontamination is terminated.

2.  Lids on Euphorbia and Pinus eliotii shouid remain
aealed until termination df contamination check.
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MEMO .
Dr, C. H. Walkinshaw January 11, 1971

All oultures are as follows:

1. Preshly transferred in 1/2 pint Macon jars.
2. Secaled with Mason jar lids.

3. Labeled with white gum labels for photography purpoaed
(name of culture and mcdia).

4. Labeled on 1id for maintenance purposes (name of culture,
number of culture for contamination check, last transfer
date).

S. Presently undergoing thcir contamination check.

Thototére:

l. D. Carrot, haplopappus, lettuce,A pinus lambertiana, and
" pinus lambertiana, and pinus palustris will need trans-
ferring after approximately four weaks fﬁom last transfer

2. Marchantia, pteridium, and lycopodium will not need any
transferring before lunar treatments.

3. Todea should supplement the Todea in the cabinet lines
to be subcultured into forty cultures. Qnly one Todea
. culture of sixty teeted was freo of contamination by
. required checks. It is now ready for subgulturing.

4. Except for Todea culture jar, no Mason jar seal should
be broken until the contamination check is complete,

- If any contamination appears either in the checks at the
University of Houston or visually in the culture, then
the respective Mason jar can be discarded from the
cabinet lines,

5. The pteridium and lycopodium may be removed from the
cabinet lines and returned to Jo Ann Fowler to be re~
piaced, rather than supplemented, with the newly-
dalivered cultures.

6. Ths Okra from the east side of room 104 needs to ba ‘
ee2lod properly, moved to the next side, and subocultured:
to cive twenty good quality cultures. :

7. Ths Lattuce from the east side of room 104 shoyld be
rewivad from the cabinet line and returned to .
Jo Ann Powler. - L
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MENO
Dr. C. H, Walkinshaw . January. 11, 1971

8. The haplopappus on the east side of xoom 104 will be
. - either moved to the west side or returnsd to
Jo Ann Fowler, depending on the decision of
Dr. Walkinshaw.

9. After contamination check is complete, the

Magon jar lids will be rémoved from the culturee
and. tephcad with polypropylens.

Respectfully,

o e
- v
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Report on Plant Tissue Cultures 3

for Apollo 14 Mission (continued) -

’

TABLE I. Required Plant Tissue Culture fox Apollo 14

A - " Required
Species . Media Numbexr Prepared Number of Cultures.'
Soybean sv 3 40
Sunflower sV 3 40
Carrot sv 3 40
Okra ‘ sv 3 = . 40
Lettuce sv 2 20
‘Euphorbia SV 0 20
Haplopappus sv 2 20
D. Carrot SIK 2 20
Hab. tobacco 10XW 3 40
Rice HELLER'S 3 40
Corn | 1XW 0 - 40
Pine L. Mi-1 2 20
Pine E; ' . MM=1 2 . 40
Pine P. . MM=-1 2 20
TDB ' K .3 40
PTA K 3 40
L Cer K 2 40
Marchantia V-5 3 40
BCATs

1. Euphorbia and corn were not ready for entry into the
cabinet lines.

2. Requirement changes were made at a later date:

Species Required Number of Cultures
Okra : 20
Euphorbia . 4o o .

Marchantia - 80
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Report on Plant Tissue Cultures
for Apollo 14 Mission (continued)

TABLE I. - Needed*uission#aeady Cultures as Replacements,

Supplements, or Additions

-

Species = ° Media Numbers
. Carrot - 8V 40
. Corn , - 1XW .. 40
Euphorbia . - 8V 40
: Haplopappus sV 20
. Lettuce sv . 20
. D. Carrot - SIK 20
PTA R 40
TDB K 40
L Cer K a0 o
. Marchantia V-5 - 80 .(two age groups)
. Pinus -elliottii - MM-1 40
Pinus L. ‘MM-1 20

Pinus P. . T MM-1 _ . 20



ﬁeport on Plant Tissue Cultures . 165
for Apollo. 14 Mission (continued) '

Contamination Check $#1

- (August, 1970)

Each culture selected for subculturing was checked |
with thioglycolate and sabouraud. Test tubes of the coﬁtaﬁihatiqn
check'media were prepared at N.A.S.A. and given to the
University of Houston (Jo Ann Fowler). Two samples from‘each,
selectgd culture were taken, one of which was placed in
thioglycolate and the other of which was placéd in sabouraud.
Ten days were'éllowed,for contamination to appear. If no
contamination appeared, the subcultures from the or;ginaily
selected culture were considered germ-free by test and mission-
ready. If contamination did appear, the respective subcultures
were discarded.
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Report on Plant Tissue Cultures
for Apollo 14 Mission (continued)

Contamination Check $2
(September, 1970)

Method: )

Only thodse cultures shown to be germ-free by first
contamination check were used in this test. 1In this case
several selected cultures were placed together in a pint-
s;ze Mason jar; Again, two samples from each selected culture
were taken, one placed in sabouraud, and the other in thio-

._glycolate. Ten days time allowance was.giveﬁ‘for contamination
to appear. 1f so, the respective cultute wgé digcarded. If
not, the culture was considered germ-free by test and mission-
raeady. , : | .

After this test, the cultures were placed in the cabinet

lirss.,



_ - - 168
Report on Plant Tissue Cultures .
for Apollo 14 Mission (continued)

~ Contamination Check #2

Species tested Percent Contamination in:

Sabouraud Thioglycolate .

(]

. Hab
Rice
Soybean
Sunflower
Haplopappus
D. Carroct
Carrot
Okra
Pine E.
Pine L.
Pine P,
Lettuce
PTA
™8
I, Cerx

SO 0000 OO OO0 oo ©
OO0 O 0 0600 00 0 ©

h
Qo N
-
o O

1. Corn and euphorbia were not ready for
testing.

2. Lettuce was included for the first tims.

. 3. Tomato was diacarded from the mission
program.
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Réport on Plant Tissue Cultures
_for Apollo 14 Mission (continued)

Contamination Check #3

Method:

Each culture selected for subculturing was checked with
thioglycolate and sabouraud or try. ATest tubes of the
contamination check media were prepared at the University of
Houston. Two samples from each new subculture were taken,
one of which was placed in thioglycolate and the other of
which was placed in sabouraud. Ten days was allowed as
the incubqtion period at room temperature. If any.contamination
appeared in the test tubés,,the réspective culture was discarded

frorm the program.
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REPORT OF STUDIES ON
MARCHANTIA POLYMORPHA
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#EDIA PROTOCOLS FROM

FIRST STUDY OF MARCHANTIA POLYMORPHA
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Report on Marchantia Polymorpha

Nutritional studies of Marchantia polymorpha were

~ carried out in order to improve the growth of the plant on
the culture medium, and subsequently to use during Apollo 14A
the medium found to.be optimal for growth.

Correspondence was held with Dr. Morton W. Miller at
Rochester, New York. Using his suggestions, the following
media were employed into the study: ' '

1, Voth medium

2. VOth minus sucrase )

3. Voth #1 minus sucrase (this has #5 solution for

the microelements according to Voth's paper).;. U':

4, Voth #2 (same as Voth #1 with X (Cé(803)).

% (Mg(NO,)), % (Mg(SO,)). o

5. Hoagland médium e ' {

6. Hoagland minus sucrose ‘ ;

7. Millexr's Voth |
Note: Protocols for each media are submitted atAthefehd of

this report. | N
~ Refer to respective media protocols.

This growth study began on Septemberv23, 1970. Differences
have been noted in the cultures to the present date. The
fastest growing and the greenest (by'visualAobserva;ionf.were'
" those grown on Miller's Voth and Voth 1. Most ofaéhe gemnae
put on Voth #2 and Voth did not germinate. " These cultures. -

‘were discarded after two weeks. Hoagland minus sucrosa
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" maintained nealthy green growth while Hoagland's medium
(with sucrose) resulted in the typical reddening of the”plengr'
Voth minus sucrose was similar to Hoagland's minus sucrose. f
Of all the cultures, now four months old, those that appear .- .
healthy are growing on Voth minus sucrose, Voth $1, Hoaqland;“
minus sucrose, and Miller's Voth. L

A second study on Marchantia golymorpha was initiated

on November 2, 1970 with the assistance of Dr. Miller viaitinq
the University of Houston laboratory. It was found that -
errors existed in molar concentrations of the aalce ueed:in:_i.ﬂx
the media in the first study. These concentrations were;i ..
_corrected, and the following media were teetedz." )
1. ﬁiller?s Voth $5 (from Miller's bottles) -
2. Miller's Voth 5 pms‘m,1 3 S . | o
3. Voth #5 (newly made at the University of Houston Lab )i,
4. Voth (old formula, pH not adjusted). .} ) T";d"; a
5. Voth (old formula, pH adjusted = voth minus sucrose
in first study) . A
6. Voth (old formula plus microelemente'-,Votn diiaiﬂ'
in first study) | S
Note: Refer to respective media protocols. ‘
After two weeks, the largest growth was eeen;in"ﬁiiler's
Woth #5 plus NH,NO, and Voth ti.‘ The gemmae in all the cultures
‘had Qerminated and begun to grow. No distinction could be |
. seen between those differing in pH adjustment only..u' : _ '
Growth has continued very well, reddening appearing in no |

cultures even after three months. The primary difference
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“maintained nealthy green growth while ﬁoagland's medium
(with sucrose) resulted in the typical reddening of the”plan@.'.A
Voth minus sucrose was similar to Hoagland's minus sucrose. f
Of all the cultures, now four months old, those that appear .. -
healthy are growing on Voth minus sucrose, Voth 41, Hoagland;“
minus sucrose, and Miller's Voth. L

A second study on Marchantia polymorpha was initiated

on November 2, 1970 with the assistance of Dr. Miller visiting{;
the Universzty of Houston laboratory. It was fonnd that..
errors existed in molar concentrations of the seles'ueed:in; iA':
the media in the first study. These concentrations we?e;ﬁ ﬁf"
,gorrected, and the following media were teeted- R B
1. Miller 8 Voth #5 (from Millex's bottles)
2. Miller's Voth #5 plus NH, NO, . . .
3. Voth #5 (newly made at the Unxversity of Houston Lab Ii_
4. Voth (old formula, pH not.adjusted) ;} .'_ii'é""' -
5. Voth (old formula, pH adjusted = v¢th-hinﬁs‘sﬁcg¢;e?'
in first study) B IR
6. Voth (old formula plus microelements‘-_Votn ;ijﬁ“”.
in first study) | | L
Note: Refer to respective media protocols. )
After two weeks, the largest growth was seen:inﬁuiiler'e
Wwoth #5 plus NH,NO, and Voth Ii.l The gemmae'in'all ‘the culturee
'had‘germinated and begun to giow. No distznction could be -
"+ seen between those differing in pH adjustment only..a-
Growth has continued very well, reddening appearing in no |

cultures even after three months. The primary diffe:ence
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in all the cultures after this period of time is size.

Maintenance of the green thalli and continued increase in
size can be presently observed in all cultures. |

For mission use, it was decided to grow and maintain >
Marchantia on Miller's Voth #5 plus NH4NO3. For simplicggy;‘
this medium is now referred to as Voth #5. All oghérAbfock';

solutions and media have been discarded totally. : l,‘
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VOTH MEDIUM
TISSUES CULTURED ON MEDIUM: MARCHANTIA

pH 6.5 - 7,5 .
Stock
Stock Solution .
Solution, : ' ml/liter
Major Solution gmn/liter e of medium-
(1) KNo, 50.56 . 1.66
(2) ca (NOj), 164.16 .44 .
(3) Mg (NO,), 148.41 . '_1.? o
. (4) KH, PO, 68.04 o 0.8":_ S
(5) Mg SO, 120,50 L6 i
 (6) Sucrose 20
(7) Agar ' ~ 10 .
Hy0 | to make 1 iiter:}
Reference:

Voth, Paul D. Bffecté of Nutrient-Solution Cohceoération

on the Growth of Marchantia Polymorpha,’ ;hg”sdg,ﬁicai B
Gazette. 104, No. 4, 591 - 601 ) SR iU

NOTE: Same protocol without sucrose is the aecond media 1iated.

) .‘ o .




VOTH #1 MEDIUM 177

TISSUE CULTURE ON MEDIUM: MARCHANTIA

pH = 5.9

Stock Solution  Small’
Stock Solution ml/liter concentration

Major Solution - gm/liter of medium : gg(liter'
(1) K NO 50.56 1.66 - -

3
(2) Ca(NOs)2

(3) Hg(NO3)2 148.14 : _ 1.20

164.16 1.44

(4) KH, 904 68.4 0.8
(5) Mg SO, 120.50 1.60

Minor Solution

(6) Mn S0, °H,0 224 g/1 . 1.0 .- 0,22
(" zncl, 2 g/t 10 icienz T
(8) “‘2 3407 . .2 g/l ) 1;0. | ;:_;.iq?,;o;;?”r ,
(9) PesoO, .02 g/l S 1.0 LT 0402

azo to make 1 liter
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VOTH #2 MEDIUM

TISSUE CULTURE ON MEDIUM: MARCHANTIA
pH = 5.9

. Stock Solution ‘Pinal o :
Stock Solution ml/liter " concentration.

Major Solution  gm/liter : of medium mg/liter - -

() x wo, s.s6 166 i

(2 ) ca (NO 164.16 ' .72

32

(3) Mg (NO 148.14 . .60

32 R
(4) KH, PO, 66.04 S

(5) Mg so, 120.50 80 e L. L e

Minor Solution

(6 ) Mn 50,-H,0 224 g/1 1.0 . 02yl
(7) 2zncl, 2 g/l L0 . 002 i
(8) NaB0, 2 g/l Lo e
(9 ) Fe SO, B 02 g/l 1,0 . 0402700

(10) Agar 10 g/1 T [

nzo to make 1 liter




HOAGLAND'S MEDIUM (% STRENGTH)
TISSUES CULTURED ON MEDIUM:

.pu 6.5-705

Major Solution

Stock

~ Solution,

-gm/liter

(1) Ca(Noa)2

(2) KNO,

(3) KH,PO,
(4), mgso,

,

(5) FeCl,-6H)0

Minor Solution

(6) H;BO,

.MnC1, .4H,0

| 4.7820

znso

(7) . Sucrose .,
(8) Agar
H,0

164
101
136
120

1.0

2.86

1.81
0.22
'0.08

20
10
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MARCHANTIA

Stock
Solution
‘ml/litex
of medium

1.25

1.25
0.5

0.25

1.0

! 1.0

Pinal Conc-
centration.

mg/liter

205
126250
'l”;4o;f{;f._'-
ROk W

2,86
o
'“i?o 22;.2&“'

G e.0e
.11‘-o,g2:1 f

‘ ;: 12§:"’
S

| to make 1/liter

NOTE: this same protocol without sucrose ia listedm“ o

as i4 in the report.
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MEDIA PROTOCOLS FROM

SECOND STUDY OF MARCHANTIA POLYMORPHA




(3)

(10)
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VOTH PLUS MICRONUTRIENTS
(old formula - 5/27/1970, same as VOTH #1)

Stock Solution

Major Solution gn/1
KNO, 50.56
cagmo3)2 164.16
Mg (NO,) , 148.14
KH,PO, 68.04
MgSo, ’ 120.50

Minor Solution

MnSO, -H,0 0.224
znCl, 0.2
Na,B,0, 0.2
FeSO4 A 0.02
Agar 10

Hzo up to 1 liter

no pH adjustment

Final

Stock Solution  Concentration
ml/l of medium mg/1
1.66
1.44
1.20
0.8
1.60
1.0 0.22
1.0 0.2
1.0 0.2
1.0 0.02
13
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VOTH (old formula 5/27/1970)
minus sucrose

Stock Solution Stock Solution ml/1

Major Solution gm/1 . of Medium
(1) xNO, 50.56 1.66
(2) ca(Noy), 164.16 1.44
(3) Mg(No,y), 148.41 1.2
(4) K, PO, 68.04 | q.s
(5) Mgso, ) 120.50 1.6
(6) Agar - 10 g/1
pH not adjusted - or . pH adjusted to 7.0

H,0 up to 1 liter o with 1 N NaOH (2 drops)
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REPORT OF STUDIES ON

ZEA MAYS
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Report on Zea Mays

Attehpts have been made at reproducing work that led
to the callus formation of Zea mays in cultures. After;
discussions including Walter Horn, Dr; C. Walkinshaw,

Dr. S. Venketeswaran and Jo AnnvFowler, it was decided that .
various modifications of White's medium should be tested for
their ability to establish callus growth of the corn. -

Seeds were (Hybrid Field Corn, variety A204-MF‘3) stefilized
undexr normal conditions using 10% chlorox. The sterile seeds
were then placed 6n agér—mgdium containing only'the major
and minor elements found in White's IX protocol. Gefminétion
occhrred in two days and within a week there were large rodﬁ
systems and stems. Both root and stem explants were aéceétical-
ly placed on the following test medium:

WHITE'S 1 X |

WHITE'S $1

WHITE'S #2

WHITE'S.'#3

WHITE'S #4
These differ in concentration of 2.4—0;_NAA.»coconut
milk, vitamins and amino acids. |

»

NOTE: Refer to media protocols.
After four months there was no cé}lus formation on White's
media #1-4. Here the explants either swelled and died or grew

extension root systems. However, the rootﬁexplants plaéedion



Report on Zea mays (continued) 183

White 1 X showed small callus formation at the nodules. -These
small callus areas have been placed on fresh White 1 X media
in order to establish more growth. Results show growth to '
be minimal. Further attempts at establishing callus -corn

cultures are being continued.



(1)

(2)
(3)

(4)
(3)

(6)
(7)

(8)

(%)

(20

Elements

Ca(No3)2

Nazso4

Na2M004

Fez(so4)3i

Glycine

Thiamine
Pyridoxine
Nicotinic Acid
2,4-D

NZA .

Coconut milk

Sucrose

Agar

WHITES MEDIUM £1

Stock
Solution
C-'/l

186

Stock
Solutions  Final
i/l Concentration
of mediunm g/l
200
200
160 80
€5
16.5
10 . | 360
4.5
_ 1.5
10 1.5
0.75
0.02
0.21
w0 2.5
| : 3.0
10 0.1
| 0.1
| 0.5
suggested - lml 1 x 1076

by Horne/

v

. 7100.m1/1

20 g/1
10 g/1
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White's Medium $2

(BBL No. 71-073R)

pH = 4.6-5.0

Final
Elements Concentration

mg/1
Ca (NO3)4 200
Mgso4.7H20 360
Na2804 100 200
KNO, 80
KCl 65
NaH2P04 16.5
X1 0.75
Fe(SO4)3,6H20 2.5
MnSO4,H20 BBL prepared 4.5

solution

ZnSO4 1.5
H3B03 . 1.5
Glycine 0.3 3.0
Thiamine 0.01 0.1
Niacin 0.01 0.5
Pyridoxine 0.05 0.1
Sucrose 20 g/1
2,4-D .214 g/1 1 ml 1x10°%wm
NAA .186 g/1 as suggested by Horne/SV 1ml 1 x 107° m
Coconut milk 102 100 ml/1
Agar 10 g/1

Reference: tissue culture - A Manual of Materials and Methods.
Bio. guest Division p. 25



(1)

(2)

(3)
(4)
(5)
(6)
(7)

pH 6.1 - 7.0

Major
Solution

Ca(NO3)2
Na2804
KNO3

KCl

NaH2P04iH20
MgSO4,7H20
Minor
Solution
ZnSO4,7H20

MNSO4°4H20

H3BO3

KI
CuSO4.5H20
Na2M004 2

FeCl3
2 ,4"D
NAA
Sucrose

Agar

Reference:

.2H,0

WHITE'S MEDIUM #3

Stock
"Solution

g/1
6.0
4.0
1.6
1.3

0.33
14.4

3.0
7.0
1.5
0.75
0.001
0.25

1.5

1.0

1.0
20
10

Stock
Solution
ml/1

of medium

5.0

1.0

1.0
1 ml
lml

188

Final
Concentration
mg/1

300.0

200.0
80.0
65.0
16.5

720.0

3.0
7.0
1.5
0.75
0.001
0.25

1.5
1.0
1.0
2%
13

Protocol in N.A.S.A. contract minus vitamins, amino
acids, coconut milk, yeast extract and IAA.
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WHITE'S MEDIUM #4

pH 6.1 - 7.0

Stock )
Stock - Solution Final '
Major Solution ml/1 Concentration
Solution g/l " of medium mg/1
(1) Ca(NO3)2.4H20 6.0 .300'0
Na. SO 4.0 200.0
2”74 :
KNO 1.6 50.0 80.0
3 : :
RC1l i.3 ' 65.0
MgS0, . 7H,0 . 14.4 - . 720.0
Minor
Solution
(2)  2nsO,.7H,0 3.0 S 3.0°
MnSO, . 4H,0 7.0 ' 7.0
H,BO, 1.5 - 1.0 1.5
KI 0.75 . 0.75
. CuS0,.5H,0 = 0.001 | o 0.001
‘ : ' 0.25
Na,MoO, . 2H,0 '0.25 4 .
(3) Fec13 1.5 1.0 1.5
i ) .o -6
(4) 2,4-D .214 g/1 : 1.0 l1x10 M
. . -6
(5) NAA .186 g/l 1.0 1x10 " M
 (6) Sucrose 20 2%
(7) Agar 10 - 1%

Reference: Protocol in N.A.S.A. contract minus vitamins, amino
acids, coconut milk, IAA, and yeast extract, and witl
changes of concentrations in 2,4-D and NAA.



