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'The_following summarizes the progress bn contfact NAS9-12671 for

A | S
the. period March 1 through May 31, 1972.

The following specimens were dehydrated, embedded in epoxy resiﬁ,.

~-stained, thin-sectioned and mOunteddon.gridsifor.electron'mictoscqpy;

.n'Sgecihens:

. 28-26

2341‘ 1 _ : f': L i‘24-28 7{' R
2425 o ﬂ‘_ 27-7.
22-46.. R "5:'24-37i-“
L 22-29 S 2210
2322 - 2628
23-21 - f' » | 1; N A '.';29-15. L
21 o 25-20 5'
28-11 | |

 28-31. ~e

The mounted specimens were: submitted to the NASA monitor for .

:examination.*'

[EIPY P ETERN



" The following summarizes the progress on contract NAS9—12671

""" for the period Jume 1 through August 31, 1972.

:»fhe fellowihg specimens wefe‘dehydrated, emﬁedded in‘epo$y 
.-j‘resiﬁ,.steiﬁed;:thiﬁeseciioned ané ﬁounted.oh érids fo§ electfonf'
..fmiéreeeopy- o | c
lxt;ééeeimensf‘ . AL
-i24—10A :»fi";g“:f:~?3gag;’e.if* 1523
,1:ﬁ.23—353.‘ :‘ ;> A. 5;1~: - jf- €5, | 16714_.1"1*;§f
23-28 - 'i?»--;e' f’tf»"_fﬂ ‘1520
Cass e
'29-6‘,¥e; e fjf{j.ﬂe';'jfej i4;1g*f:;:‘i‘?”
'A'5-1'23 14'j]:' . Y - ﬂf;{;,h 16-7. -
26-20 . -f:.;- o ,:15_25::j f’,'“j;i:'3;
".21725'-,e: ,¢':: :f-lj_"ﬁff,V L 13-13 R
BUETEEEN o -fi,:‘“”a~5; i5479557vf
13-7  ff§“_e1v: 'W;; 1233
- The ﬁlOuri;ed speciiﬁens‘vwere'_-_subnii'tte&>Ato -ﬁhe' NASA m.drii.tdfbf.qf s
aexaminatibn. | . | . '

~This'terminétes the objectives outlined in the:original proposel.e-

'V=However by agreement (letter, July 31 1972; copy appended) w1th the

'-prOJect monltor, the objective of thls prOJect w111 1nclude the analy31s

’

g and evaluation of the prev1ously proposed specimens. .



. July 31, 1972

7 Mr. George Huff/BB32 (79) S
'~ NASA Manned Spacecraft Center
Facility and Laboratory Suvport Branch
Houston, Texas . 71058 '

Dear hr. Huff-'

The work outlined in the objectives of NAS 9-12671
contract was finished more rapidly than anticipated. The ‘
. technician doing this work has been terminated on this contract.

. : The project monitor, Dr. Charles Walkinshaw rccommends

 the hiring of a qualified research associate, Dr. Paul Baur, who

' “has “the "éxpeértise to further evaldate the specimens prepared under

- this contract. Dr. Baur will be retained at his current salary

- ($€.35/hr.) and his tenure shall be determined by eYisttne contract
funds (approximately 4 3/4 wonths)

) This is not a request for additional support, but-a re- f »
programming -of personnel and salary schedule to meet the expertise
required by the proposed additional duties._' ’ -

Thank you. .

_ Sincefely,*.

Robert S. Halliwell
Associate Professor’

.lw':

_ APPROVED:

Dr. David W. Rosberg
Professor and Head _
Department of Plant Sciences -

Dr. H. O. Kunkel
Dean and Acting Director
Texas Agricultural Experiment Station
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" PINE TISSUE CULTURES USED DURING
APOLLO 11 & 12 QUARANTINE STUDIES

' _Characterization of Control Tissues

_Dumbbellvdtganelles present. .

Chldroplasts.wéll developéd - godd grana organizétion ahd

evenly staining stroma. No crystals seen in these organelles .-

Occasional small a;easvof fibriilar material found within .

some plastids. "

FCEndoplasmicyreticulum is prominant ana'isﬁﬁoStfffequéntIy

“fough.. Frequent plésmAdesmata were sterved: Very little -

‘localized hypertrophy of E.R.:

Very little vesicuiar;activity_obséfved in the cytoplasm_of>-

.this -tissue. Paramural bodies are frequent. '
Spherosomes are evenly distributed throughout the cytoplasm .
and are in concentrations considered normal for callus tissue.

Nucleus was routinely found in a centralized location. Normal

membrane and pore structures.:
Mitochondria appeared normal in appearance and numbers. -
. . . - ‘ R //,

Little or no starch present in the chloroplasts.

‘Vacuoles (iarge) were usually devoid (952) of any ergastic

materiai;j

. -



Apollo ll Plnus lambertiana (control)

These comments are from observations alone. They can- be

' . documented if need be although may not be necessary. -This tissue‘ '

(those cells con51dered alive) was almost 1dent1cal to’ A—ll Palustrus,," o

. xwith the exception of a sllghtly higher degree of ergastic material in:“h-

L the vacuoles and an increase in the starch granules found in the chloro— RS
N plasts. A great many cells were ghost types, with cellular debris and__.x,f?

f'fintact spherosomes all that remained of the cytoplasm. About 907 of

, the cells in both spec1mens (TC 1199 and TC—119S) ‘were dead : Those cells

- that were considered viable are descrlbed by the comments above._- :
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:_Apollo ll‘.Pinus palustrus (Lunar and éterile Lunar) ,A
A.Q.l.' Dumbbells present. M
2. Chloroplasts well.developed with grana often stacked as:f
Aobserved in mesophyll cells. Few, if any, crystals noticed;

Membranes of these plastlds were well developed No fibrillar

T material was. observed in any of the chloroplasts studled

: 3.:-E R. was highly developed and usually (85 90/) of this organelle.-'
| “was considered to be 1nvolved in. apparent protein synthe81s'
(rough) Locallzed‘act1v1ty (hypertrophy and/or mesicular’
Aformation) was the'outStandingAfeaturedin this7cell;
4, Cytoplasm was generally-filled With vesicles of various Sizes.V
f_(could be sectioning prohlem) origin-of thesedwas in doubt but
"golgi activity was often hlgh in addition" to the E.R. act1v1ty.A
5. Some spherosomes were noted in the cytoplasm but the number of
bodles per cell was very low. |
6.:JLarge nuclei appeared normal and were centrallyjlocated..:Cells
.-often‘had much smaller central:vacuoles than.did controls;
7.'.Mitochondria appeared normal in size and distribution.
8. AFew'starch grains were noticed in plastids in this treatment.
9. Ergastlc material (dense- and in spherical arrays) were" noted in
the central vacuoles.

.10. Due to poor'sectioning, few’specimens were examined,bygme.and
these notes are observations-made during scanning operations.
Small membrane complexes reported by Dr. Paul G.rMahlberg‘ |
that seemed to be involved in ergastic material synthesis were-
notlobserved'but as the number .of cells observed nas small their

presence cannot be discounted.



- Aﬁollo 11 Pinus lambertiana»(tunar and,Stérile‘LunAr)

2.

Dumbbells present.

Chleropdlasts were well develdped with no crystals or

i'fibrillar material seen within the stroma. Oécasional

liped droplets seen'in'tﬁese plastids. Membranes were

all well developed.

:Endoplasmic'reticulum was gréater in distribution than

. observed in the coﬁtrols. :Degree of riboéomes/unit‘length-'

of E.R. was pot as great as in controls but level of protein

" ‘synthesis maydhavé(been'similar; Many plasmadesmata were

_ noted.

*

Vesicular,activityAwas extremely high in this tissﬁe. CGolgi -
bodies undoubtedly prddﬁcing’theée Vésiglesa5 Paramural bodies .

were abundant in nearly every cell.

-Spherosomes'were'exceptionally rare in these tissues.

Nucleus was centrally located and normal in appearance.

Chromotin content was lower than observed in the control samples.

" Mitochondria were unchanged with perhapé a hint of increased

" .ground substance density.

10.

Few starch grains noted.

" Large vacuoles were frequently filled with the ergastié_material-

but this usually in the peripheral areas of each culture.

" Frequency of spherical aggrications is not high.

Mgmbraﬁe arrays probably involved in ergastic manufacture were

Y

often noted.



Apollo 12 Pinus palustrus (Control - Flrst Collectlon)

of all ‘the control tissues, these appeared to be best.» Denser -~
'A'cytoplasm, more 1nd1catlon of mitotic activity, wall formatlon;_etc.
© 1. Dumbbells present.

2. ,Chloroplasts were generally poorly developed (1n splte of

i e above comment) crystals were often present w1th1n stroma.,-"

Very llttle membrane actlvity notlced in these tissues.- Very
: little grana observed at all.. Flbrillar materlal often seen |
in- these chloroplasts.»A | » - -

.3 1Endoplasm1c Reticullum~probablv at maintenance levelsr iAlwaysh
-rough'with good polyribosomal arrays often observed} 'Fev vesicles»-'
were seen to‘pinch off of E.R.istrandsr 3 | |

.4;. Vesicular activity somewhat éreater than A-ll Palustrusimaterial.

Golgi veryvactive whenvobservedIand'vesicular activity"in these
areas was hiéh. | | “

5. No spherosomeS‘observed in this tissue.

6, Nucleus normally'found'in centralized 1ocations'and-most vere .
spherical. Some nuclear involutions were noted, however, and
'probably caused by closely appressed plastlds.. h f :*i_-

‘7., Mitochondria were normal 1n'appearance and,number: No unusual-
features observed in these organelles: o o

: 8, ;Great numbers of starch gralns noticed inAchloroplasts of this‘

"specles. As many as perhaps 35 individual gralns could be
counted in one lndividual plastid alone. Indicates an ability : .

to take up the sucrose (carbohydrate source) from the media but -
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- 10,

11.

either its inability to materialize it orvan,exceSS'in,stofage_
behavior on the part of the cell:

Large vacuoles were usﬁally empty with only suggestion of
ergastic material being stored.

Developmental stages in chloroplast forﬁatidn;for degredatibn,-

. were noted. -

Nuclear pores and nuclear membranes were very classical.



jxpéira"lé-.Piﬁaé pélustrus (Lunar and Sterile Lunar - first'Colleetion)

Of all the tissues, these appeared the very best cytologically.

e Cytoplasm den51ty, index of metabollsm, ‘wall formatlon, etc: were -

clues ‘to this observation. L

.il,.

T

Dumbbells were present.

Chloroplasts, whlle not hav1ng grana lamellae as found in

":‘A-ll spec1mens was far and agaln better than observed 1n the

‘r'controls.A Crystals and flbrlllar materlal was not observed

'.HOuter plastld membranes well developed , UnuSual pro-grana

L bodies were present as c01led arrays. Plastid'lipidﬁeontent;»

6.

 was very common. = -

' same as control.

N
5

I3

_E.R. level was higher than controls end_nearly always eovered
“ﬁith riboSOmes,"Iﬁtricate;E;R. complexes were of ten dBserved.

- Localized E;R; hypertrophy.andﬂvesicular‘formetion was the

exception rather than the rule.

}vVesicularmactivity was; in7many cells,.elmost-non—existant whilebes'
lln others the level was uncommonly hlgh.- Golgl bodles in the

zllatter cells were very actlve. Number of paramural bodles about'

.

Spherosomes were apparent as_qpposed»to-the complete absence of

same in controls.. Degree of abundance is hard to determine but .

appears to be about same for differentiated plant cells.’

Nucleii were centrally‘located ~boften had several‘nueleoli.

b‘Membrane complexes appeered;to join witb or be formed from the

‘nuclear membrane, Amount of chromatin probably same as in

control tissues. R o



Mitochondria normal in appearance .and number. -

Number of starchvgréiﬁs did‘appeafito be reduced in lunar

treated than the quantity observed in qontrdls.' No massive

depositions were noted in these as was observed in control

13

. tissues.

10,

11.

" deposit and/or manufacture.

.Large vacuoles with large amounts or ergastic material were

common. Membrane structures were definitely involved in its

Micrqtubules were very common and located in close proximity

to the plasma membrane. - -

Ergastic material often appeared in those areas of the cells

having massive membranes complexes.
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Observations On Secohd Collectibn

: Apoflo 12 ~Pinus palustrus'(Control_-'Second Collection).

The control cells were generally dead. Cellular debrigfwas
commonly found within the cell walls,’ Those'thét_did-éppéar_to be - -
alive had small cytoplgsmic léyers‘closely'appressed to thé cell

~walls. Mitochondria appeared normal and in numbers inirelation to .

-were.denée.and were alsolclésely appréssed to éell wélls. Pérgmurgi»
V bédies'were not observed. 'ErR;'was séarce.and seldom roﬁgh.f No
d%gferentiated wall struéturés.ﬁere noted. No'miérotﬁbdlus weré seen.
Gblgi bodies and cytoplésmié vesicles were greatl&fréduced’in hpﬁbefs
; when comparéd to the éarlier control samples. TheéeAcells were ini

". ~generally poor condition.
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" " Observations On A—12.Seéond,Collection

=

Apollo 12 Pinus palustrus (Lunar and Sterile Lunar - Secdnd

- Collection)
" Large vacuoles are predominant in the tissues examined. In-

corporated in-these vacuoles were ergastic materials-stored in what

;-appeared_t6 bé 3 ways:

* " 7. The immature pine tissue culture cell characteristically has a

o

large and distinct'nucleus, many small vacuoles éeparated by~trans—"7

vacuolar strands and cytop1ésm rich in organelles. The mature pine

‘tissue culture cell maintains the large nucleus but becomes filled

.o ~ . s . : ’ o
with large vacuoles that frequently contain ergastic material..
-The mechaniém of ergaétic material depoéition appears to follow
three distinct patterns, each resulting in a deposition product fhat' 

is easily recognizable on the histological lével. Tﬁese.three*typési

of depositidn are tefmed_froth, macrospherules, and microspheruies.

Cells containing the material within the vacuolar space normally dis~

play only one type of deposition but in some cases more than one type

‘has been noted. In the cytological studies, within the same vacuole."

3

The ergastic material observed in these tissue culture cells has
: _ : . : *
staining qualities similar to that reported for tannin products.

The "froth" type of deposition appears to involve microvesicles .

. produced at the mature face of.the golgi bodies. These veéicies:migrate

‘thrphgh the'cytoplasm and accumulate - at the tonoplast. By some mechanism -

"% M. C. Ledbetter and K. R; Porter, 1970. ‘Introduction to the Fine-

Structure of Plant Cells. Springer-Verlog, New York.
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these~aggregates are transposed fromlthe cytoplasmic‘side,of the V
,-tonoplast to‘the vacuolar space.' lhese vesicles may.carry tannin
;jprecursors._ Synthesis of osmlophlllc material "appears to occur.

1 vithln the vacuole at the. margin of each microvesicle. In cells
icontaining vacuoles completely fllled w1th the froth type of dep051tion

'product the re31dua1 membranous structures of the microve51cles are

.'no longer apparentf

Intthev"microspherule’ type of dep051tion an osmiophlllc material
appears:scattered‘diffusely throughout the cytoplasm of each cell in- ‘
volved'invtannin)synthesis; vOften'this material may»be_observed within -
small vesicles delimited by sinéle membranes. ‘These'vesiclesfdo:not~
appear'to evolve from the golgi.complex;__A'concentration:gradientiot
»;ithé”osmiophilic material is ohserved'ﬁith"the;highest:concentratioﬁhbf

: the material-adjacent to the tonoplast;: By’some; as yet undetined,

'mechanism the material is transported across the tonoplast to the vacuole.
The resultant dep051tion, appearlng as an aggregatlon of t1ny granules,’
1s'per1pher1a11y distributed within the vacuole. ThlS materlal later
- aggregates into-microspherules;.’ | | |
The "macrospherule" type ot deposition‘appears to involve the endo—
~ plasm reticulum. Osmiophilic material‘may be observed mithin the cisternae,u
of the endoplasmic reticulum.' These deposits'enlarge due-to‘continuedi
synthesis, endoplasmic reticular connections with the vacuoleiareAfre; o
quently'observed, thus allowing a physical.pathway for vacublar depositioa}:
-of thevsynthesized material. Ihe'tannin material later becomes coalesced

into macrospherules. In cells containing vacuoles filled with one or more
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macrospherules.

ihaﬁparent with

-12-

The vital éharacteristics of the cell are_often_;»r

the cytoplasm clumped and disorganize&.
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Summary of Apoilo 11 & 12 Pine Study

The Effect of Luﬁar Matérial

Déleterious effects were not observed when the lunar

material was added to the tissue cultures.

Increase in vesicular activity could be correlated with

‘Halls paper (Nature Vol. . 226 #5252, June 275“1970) on

"Pinocytutin vesicles and ion transport in Plant Cells".

This publication suggests all cationic uptake is initiated

by pinocytosis by which extracellular solutions are taken

into the cell‘by the vesiclesgand those cations not required.

for metabolism are actively expelled thru thevplasmélemma.

‘Studies of other pine tissues grown on substandard and

enriched media demonstrate an enhancement in appearance of

‘cells on E.M. level after lunar material was added.

Number of Mitochondria did not change between control and

treated cells asvmight have been éxpected.

Plastid structure and composition (grana) might be correlated

~with culture observations by NASA personnel and found in the

quarantine reports.

Second collection samples showed Lunars and Sterile Lunar

. treated tissues better, cytologically than controls as would ~

be expected if nutrition played a role in the response.

E.R.- activity might also be correlatgd'with cellular condition.
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Tannin deposition cértainly enhanced by the L & SL treatments.

Mechanism so involved is 'still obscure.

Lunar material enhanced the cells growth and metaboiisml:

. Tannin appeared to be produced from membrane structures. -

Response did not seem to be species, specific.'



- Cytological Investigations of Botanical Materials
o Since June 2, 1970

o

Occurrence of Virus Like Inclusions
Within Pine Tissue Culture Cells
T;eated_with Lunar Material

Prepared By .

Dr. Paul S. Baur, Jr. -



 INTRODUCTION

} Duhing'a-routihe u]thastruetura1 he-examinationAof pine-tissue
" culture cel]s co]1ected durlng the Apo]]o 12 quarant1ne mission, not1ce_"
‘ewas made ‘of unusual structures w1th1n several of the lunar treated

- ce]ls. These bod]es, as yet un1dent1f1ed, bear resemb]ance to virus
partic]es ohseruedVWithihddhfeeted b]ént eéd1s ) h]though the s1ze
and shape of the structures are. comparab]e to rod shaped virus
part1c1esvsuch as Tobacco mosaic, the numer1ca]~d1str1but1on, the -
affinity for stains, end the 1nterce11u1ar.]ecatioh areiquite
H‘differeht.. Cyto]ogipef-cheracter;stics of ujrus‘int1usiohs'are wé11 ‘
~ documented and readf1z'auailab]e fOr'eeﬁparative‘studies. ,Wé»feé1--
that the>unidue’cihcumstances surrounding the col]ectton and fixetion.

© of this tissue, and the lack of any reports in the scientific litera-

“ture of similar cellular inclusions make this report necessary.

’ METHODS'ANDVMAfERIALsi |

The tissues used in th1s study were: or1g1na1]y co]]ected dur1ng
~ the Apo]]o 12 quarant1ne tests. The procedures used for the1r pre-
'paration were out11ned in the Lunar ReceiVinghLabohatory‘- éiologice]:
"V‘Laboratory 0perat1ons Protoco] (Apo]]o 11) Report-number: MSC 00030

I3 .
Ao

and are as fo]]ows



Preparation of botanical specimens for examination by

electron microscopy.-

a. ‘Essentia]:solutions, equipment;.ahd supplies‘_

(1) sSolutions

. (3) Acetone series

Stock

7 3 4 5 % 1

_;o 50 70 __90 95 100
Acetone 30 50 70 90 95 100
Distilled S
water 70 50 30 10 5  e--
To make 100 100 100 100 100 100 |
| (b) Dodecenyl succinic anhydride (DDSA)'
(é) 2,4, 6-trif(dimethyamfhomethy1)yphén01 (DMP)
(d) Epon8l2 A |
(e) " Glutaraldehyde
(f) »REynpldsflead citrate

" Lead nitrate -11;33 g

Sodium citrate - 1.76 g
Distilled water - 30 ml

- Shake suspension 1 minute and»intermfttenny

- thereafter durihg a‘30—minute-period;,

Add 8 ml. of freshly prepared .1N sodium

hydroxide. Dilute the volume of the mixture

toASO’m]vwith distilled water and‘mix. The

pH should be 12. Storage life is 6 months. .

-



:'(g)' Methyl nedfcdnhydride (MNA)
(h) Osmium tetroxide
| Place the-vial in.hrcwn4glass stoppered
bbtt]e Break the v1a1 w1th a g]ass rod
. Add 25 ‘ml of d1st1]]ed water (2 percent stock)

~For use as a 1 percent postfixative,'add one
V'ydighecfcshdchacdd‘{usiné e:he}hed-Pasteurr ‘
. pipette) to one volume of cchdy]ate-buffer.
Add th1s mixture to-plant tissue durlng
-_process1ng at the appropr1ate t1me
- (1) Propylene ox1de€
(3) 'Sodium'cacody1ate:z
'(h) 'SodiUm hydroxide, 1IN
- (1) Uranyl acetate, '] perCent aqdedus d E
AT1ssue Process1ng o |

(1) Preparing tissue segments

After the v1a1s have been passed through ‘the dunk
tank, check the mater1a1 for size. At th}s time
’ .the material must be cut into p1eces‘1 mm3.cr
- smaller. The outside of each vial must be labeled
- for contents. i . N
(2) 'Posfstaining and:dehydrafion wfth acetone -
. (a) :Decant the vial to kemoVe'g1utara1dehyde,'

Ieaving the tissue in the bottom'df'the vial.



(3)

(b)
:.(c):'
(d)

_' (e)

each.

If there is any danger of the tiésue being
decanted, it may be necessary to pibette the
solution off. h

Rinse in two -changes of buffer, 10 minutes

Postfix in-1 percent buffered osmium - .

tetroxide (15 to 30 minuteS‘ohly).
Rinse in three changes of distilled water
(10 minutes each).

Stain in 1 percent aqueous uranyl acetate for

12 to 16 hours. Use.on]y'the clear und1sturbed'

| uranyl acetate. HNever go from buffer to uranyl :

-~ .acetate because a s]1ght prec1p1tate occur°

()

(¢) 1

- (h)

R1nse in two changes of d1st111ed water,

10 m1nutes each.

Dehydrate- in 30 50, 70 90, 95, and 100
percent acetone (15 minutes 1n each concentration);
Place in two changes of propy]ene:oxide

(15 minutes each).

Resin 1nf11trat1ons

(a)

Prepare the following Epon 812 m1xturés
(designated A and B) in advance of filtration.
Keep these mixtufes in separate'beakers and
store.in the freezer (stable for 6 months).

Cover the beakers with Parafilm (ref. 13).



,'91‘.1 a

. Mixture A f" '.!>'- Mixture B
. Epon 812 -'52ml | Epoh 812 -.100 -
O DDSA - 100m PR A —g9ml
“:t;St1r the components of m1xture A for approx1mate1y
5 m1nutes with an ‘electric st1rrer C]ean the
k"blade, -and stir m1xture B thorough]y |
(b). Embedd1ngAm1xture is to be prepared 1mmediateTyv
- (aefew Hoers) before use. The mixture'ineiddes

-.an accelerator,ADMP._'The'proportions.are as

follows. -

_MiXtureuA.=_3km1
'Av"Mixfure B =-7‘m1 ’
S =0.38m N

_ - 10.78 m1 ml f1na1 mix
":~Increase quant1t1es proport1ona11y as necessary
: ;,It 1s‘absolute1y essent1a1 that the flnal
~mixture be stirred- thorough]y - at 1east 5
minutes at slow speed.- o |
(c), Inf11trate as fo]]ows

.Propy]ene oxide: .res1n final m1xture
A : : (3 to 1) - 1 hour

_* Propylene oxide: resin final mikture.f
K . (1 to 1) - 1 hour

't Propylene oxide: ~reSin final mixture
L - (1 to 3) - 1 hour

Resin_fina] mixture - 1 hour co -__ o

" . Resin final mixture - 1 hour . .~ -

~ . . . -



(4) Embedding

o Place a small drop of resin in a Beem capsu]é;}
Remove trapped air bubble with needle. Pipette
one tissﬁe piece into a capsule, and then carefully |

CFil1 the capéﬁ]e with additional reéin. Center the

tissue piebé'WiEh a needle so that the piéée‘drops
Iinto-the tip of the capsule. Repedt this process
for'each_piece_of tissQe. Inserf_a code label for

the tissue in each capsule. -

- Place the open‘capsules in an oven at 45°C overnight.
" Then reposition any tissue to assure iijdkOppihg

f,to the tip of the'capsu1e.

>C10§e'the capsules and place in fhe oVén.at 65°C
for 40 hours. (This timé,period'js important:for_
uniformity.) .' - |
A(S) Michotomin§ and mounting material
Follow the‘instrUmeht manufacturer's directioné

in mounting and cutting the resin blocks.

Cut the ribbons into doub1e—distf11es, (millipore)
filtered water in the knife trough. Piék up the |
| thin sections by touching them wfth a grid that

is lowered down upon them. 'Dry the grid in grid

holder.



- (6)

o P]ace the ribboned surface of the gr1d on a drop

Staining :

Lead_citrate and uranyl_acethte provide excellent

ECbntrast_of'the viall, membrane, and ribosome

* content of the cell.

-P]ace a drop of stain on a p1ece of Paraf11m,v

._1ocated on mo1stened f11ter paper in a Petri d1sh.

~of the stain for a 34minute béfiod.(timé this ;"
'»'CIOSely) Remove and place sequent1a1]y on three.

| drops of water for r1ns1ng Dra1n‘carefu11y.

P]ace the gr1d on a drop of ] percent agueous

a .urany] acetate for 5 m1nutes (t1me th1s close]y)

.Remove and’ p]ace sequent1a11y on ‘three drops of -

E water'for rinsing.. Dralnvcarefully and.dny(1n a

" Petri dish on filter paper.  The dish serves as a

___(7)

‘convenient temporary carrier while scanning grids.

M1croscopy

Because the var1ous procedures for m1croscopy are

. djctated>by the des1gn of_the 1nstrument,_referb

to the directions of the manufaétUrer'or other

. sources.

In the_]atef'study the embedded materials were sectioned, using' 

diamond knives, on an Ivan Sorva]]'MT-ZB-ultramicrotome and.mountéd

 on 400 mesh grids.

Material'was then stqined for five minutes .in



' both 1% uranyl'acetate and 1ead citrate solutions. ‘Grids were -
' exam1ned on a H1tach1 HS 8 electron microscope and 1mages recorded

at magn|f1cat1ons rang1ng from 2,000 to 50,000.
RESULTS

The cyto]oglcal eva1uat10ns of this. study are rev1ewed as fo]]ows:
: P]ate 1474 Magn1f1cat1on 56 310. ' ‘ ‘
o In this view at least three and perhaps four structures (termed
frods") are seen. All are 1ocated within membrane bound areas that
"‘are either smali vacuoles or_en]argements'of some other membrane

' ;system such'as the endoplasmic reticu]um.“ One rod is found within-a'

vacuo]e a]ong with a co]]ect1on of tiny m1croves1cles This cou]d

| _ bea paramura] body because of its conf1guratlonc' Another rod

. -~ appears coincident with the membranous wall of it s_vacuo]e. The

rods are similar in d1ameter but, not in 1ength The_plane of section .
"could account for these Tength d1screpanc1es Othervfeatures of the
isurrounding cytop]asm include mitochondria, one of which Tacks any
B semblance of cristae, and an unidentified body which contains
'Adensely staining materia1. -
Plate 1508. Maom'fication 29, 570’
| In th1s view, four rods may be observed W1th1n a s1ng1e vacuo]e
‘Resolut1on does not allow the observat1on of their hollow tube
:conf1guratjon. Cell cytop]asm is c1umped and m1tochondr1a are
" densely staining. Large starch gra1ns are also observed w1th the two f

p1astids present.



Plate 1490. Magnification 56,310.
“In this view two rods are seen within. the sma]] vacuo]e accompa1ned

by a collection of microvesicles. The hollow nature of the rods is

_~ apparent. Again, the diameter is constant (800 mu}~but the.1ength of_ _"

“the rods varied. The nuc]eus, seen adJacent to the vacuo]e appears

normal as do the other cytop]asm1c features of “this ce11 The unit -

.'membrane configuration around the vacuole ‘is p]ane]y visable -and its

ith1ckness is identical to that of the tonoplast. -
Plate 1555. Magnification 34,800.

This m1crograph of ‘a lunar treated pine tissue culture - ce]]

- shows f1ve rods within a small vacuo]e a1ong with several m1croves1c1es

The remaining osmiophilic material seems to be forming 1nto;a_s1xth

i and possibly seventh rod. The orientation of this material indicates

that it is forming on a centra] axis within the vacuolar sap and

independent of the vacuo]ar membrane. - Another sma]] vacuo]e with

similar dense granular material is seen-in close proximity. Large

spherosomes and densely staining mitochondria are also seen 1n'this
cell. Starch grains are seen in one of the two p]astlds, grana arrays ’

are sparce, and the cytop]asm appears dense and somewhat d1sorgan1zed

in some areas. A fine order deposition is also observed throughout

the cell. This material is considered a normal cellular reaction .

- to tannin materials manufactured within the cell.

Plate 1543, Magnification 34,800.

Two rods of uniform length are observed within this cell. This

is in contrast to those inside of vacuoles which were seen in other



p]ates.4 The c&top]asm surrounding theée rods fs consistent with that
- observed in pine tissue culturé“ce11s devoid of thé rod stfuctures.
Plate 1485. Magnification 47,500. & o h
- Two rods of the tybe oBserVed>fn the other hicrograpﬁs.are seen
,¥in this viéw. Thesevrods are in close prbximity to paramura1'bodies
* ‘one of which is connected to the céT]'ﬁemb?éhé,f'fﬁe ¢y16p1asmic -
'cohsisténCy and p1astid afe'normaJ«for this tissue. |
Plate 1484. . Magnification 56,310. e
In this view a rod shaped structure 1s wiﬁhih the ;ytop]ésm and ‘

“unbounded by'any vacuolar membrane.kaoweVér,’dne terminus of ‘the -
,-rog_is apparantTy connected to a small vesjc]é. -This may?beién’ |
ﬁjntermediate stage in -the formation of thetrod;sﬁructureéf: Whi]e=the
cytop]asm_df the "host cell" js quite normal thé adjécent cell'is'
highly disorganized'in one aréa. _This heavy clumping is probab]y.
- due to. tannin deposits'occurfhg Tﬁ the adjacent cell. :If.so;'phen  N ;
'this dis0rgani2§fidn must be considefedfnokma1; o ‘
~ Plate 1522, Magni fication 56,310.

- In thiélview of a pine ceil,'severaf crystals are seenAwithfn the;
centrél vacuole. At 1east_four and'pérhaps five of these arrays ére
similar to the rod stchtures obserng in the other pTatés.;‘The
other features of the'micrograph are,hormaf. fThe oémioﬁhi]ia.of the
material and the section thickness are such that rod'shabes are not_'f

discernéb]e Within the crystal masses.
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.~ DISCUSSION

The'pine tissue cultures were observed to undergo a necrotic
react1on two weeks after the1r treatment with lunar mater1a1 during

the Apo]]o 11 quarantine tests The rod Tike structures were observed

,4¥on1y in tissue treated w1th 1unar mater1a] in the Ap011o 12 quarant1ne

' tests

A]though the m1crographs in th1s report are ordered to suggest
that rod synthes1s occurs w1th1nlsma11 vacuo]es the reverse maybe -
true The rod product1on cou]d take place in the cytop]asm and the

structures then engu]fed w1th1n the vacuo]es ' Th1s sequence wou]d

'allow rod degredat1on by means of the po]y phen011c compounds produced

'by the p1ne t1ssue culture cells and stored within their vacuoles as

- s

,'ergasttc mater1als

" This. report does not mean to 1mp1y that a virus 1nfect1on was

generated by or from the 1unar mater1a] in the p1ne t1ssue cu]ture

cells. However, no other ce]]u]ar inclusion, yet reported in the

Titerature, approximates those structures. Their origin, function,

synthesis, and 1ife history remain unresolved.

: NOTE: This is the only report by Texas A & M University that will

include printsAof micrographs. Due to the unusual nature of the

"findjngs we feel it is'in_the interest of all concérned:to'docUment

the observations comp]ete1y. It is of some .importance to review the

history'ot this sample. Tt was co11ected by Dr. C. H. Walkinshaw,

u. Sf Forest Service NASA/MSC and fixed by_him within the constraints



of the quarantine'facility. The tissue was removed from the Class III

cabinetry completely fixed in the manner required by the Bio-protocol.
The material was then given to a NASA contractor, Paul G.‘Matherg,
Ph. D. - University of Indiana, B]oomington; Ihdian& for cytological
eva]uatjon. Contract documentation and reports'did not ihc]ude any - '
reference to the s trictures described in this report. Upoﬁftermination~,
of the contract, the embedded materials were returned fo NASA/MSC whefgl
they were re-sectioned and examined by this contractor for use-in.
chparative'cytologica1 eva]uations of bio—effeCté resulting frbm
treatment of pine callus with Apo]To 14, 15, and 16 lunar fines.

~ Copies .of these micrographs have been sent to Dr. Katherine Esau,

'Riverside,‘Califqrnia, and to Dr. Russell Steere, Bé]tsvi]]e; MaryTand

for their evaluations. No reference to lunar treatment Was~made in the

- correspondance accompanying the micrographs. Their eva]uationslw111

be submitted to NASA/MSC as an addition to this. document. -



Most (80-90%) of pglls_wére "alive" using criteria. that

Report on Pine T. C. Examined For
Bacterial Contamination

That part described as '"Green'", small areas of culture having.
sliglit green cast and found on peripheral areas of whole
culture.’ This particular sample was excised from the top

of the culture.

.included: normal nucleii and organelles (esp.‘mitochondria)

without any evidence of membrane rupture and as -structurally

organized as héalthy diffrentiated plant cells. These cells-

‘had large vacuples and little ergastic content. Some areas .

2

did contain the osmiophillis material being synthesized at
the vacuolar membrane boundary. Mitochondria appeared very

normal. Chloroplasts were well developed with graha found

El

(abundant) in every plastid. Starch deposition'was also commonly -

observed. Cytoplésm consistency was about average. Ribosomal

activity was considered moderate. Cell walls andvplésma—membranes,

all intact "bacteria'" found in the intercellular spaces at one

jedge‘of the sample, an illustration depicts what 1is meant . by edge

of the culture.



B

The number of bacteria was not extensive but were in

sufficient numbers to say that they were well established '

"witbin the tissue. Bacterial untrastructure was identical

to that previousiy described in infected pine seedlingé.

Inteféellular areas were clear of any debris other than the

bacterial contaminants occasionally found.



That tissue described as "black" or_"brown"}. Coilectéd

from culture areas assumed to be -older tissue that was

deep within the.culturé and very close to the media surface.
NO cells were alive. Complete tissue‘disofganization and

degradation. Resinous and lipid remainsg were most pro-

‘nounced in the "ghost" cells'examined, Plastid and organellesv

debris ﬁere eésily &iééiﬁguishagié within the dense cytbéiésm
remains. Intercellular spaces filled with debrisAincluding
bodies that appeared to be coalesced tépnin dfopleté,_-Verz .

few bacteria were noted in this tissue..



4

3., Tissue that was termed "tan" was found beside green areas

material could be observed in the cell walls and intercellﬁiar

of culture and frém ?isual observation aépearédito_be the
bést ceils of the culture.’ These cells were_fouﬁd in this*iv
partiéﬁlar cuitdre in all lébels of the gebmeﬁry; 'Eféastic.
depqéits Were-muéh more,freqéeﬂt inithése areasvthaﬁ were

observed in the green area. Evidence of osmiophillic

spaces.‘ This.area pf the cplture.contained bacteria butAnot.
invthe abundance oEserved in the green area.

Some correlation exists betwéen,eithér_éhe nut}itioﬁél statéf
of Ehe culturé areas or the p;esence of;tannip é5mpoun&s | |
,(ergastic,depositS).in regard fofthé number qf;facteria”found
in the infercéllulér.spaces.‘

@ .

Bacterial colonies did not form on the agar substrate of .the

‘tissue culture. Thus, bacterial contamination can remain in-

Aépparent unless tissue is studied microscopically.



Generalized Methods and Materiais_For all,Missioﬁs
’ (14, 15 and 16) , St

"Secondary pinus sp. cultures were supplied to NASA for quarantine

‘studies by the Biology departmént of the University of Houston. These

cultures, pinus palustrus and pinus lambertiana, were originally obtained
from the University of Georgia and were generated from embryonic tissue
grown from disinfected seeds. All ensuing geﬁééétionsuoﬁ the culturéé

were maintained on a semi-~solid media formulated from the recipe of

Brown and Lawrence. Both pinus palustrus and pinus‘lémbertiana were used

in the Apollo 11 quarantine studies while only:the pinus’palusﬁrus»was
" used in the Apollo 12 tests.
All expérimental tissues ﬁere recultured to mnew media se&erél.ﬁeéks'
_ beforeAproposed'challenge with lunar materials. Cultu;e containers were .
" maintained under gnotobiotic conditions before and dufing the quérgn;ine
Vegperiﬁents. Cultures were randoml& placed iﬁ a LabiLineABiotrionetic
incubaéor at a temperature of 23° C + 6.5° with light spectrum and iﬁJ'
Vtensity unspecified{ An air turnover of 2‘timeS»pef hour was méintainéd
thréughout the tests witﬁ intake and exhaust parts covered with bio-
logical filters.

Qhalleﬁge was accompiished'By the gdditiop éf 0;22_gram aliquots
of Lunar, Sterile Lunaf (dry.heat sterilization), and Earth (synthefic
. lunar) materials. Du;ing Apolio 11 no Earth sample was used.. Apolio
15 and 16 missions included a similar-quantity of Towa soil'és one fest'

treatment. Untreated cultures served as controls in all experiments.



During Apollo 11, Pinus palustrus and Pinus lambertiana were -studied

in addition to the other species (Glycine, Helionthus, Nicotiana, Zea -

“and Oriza). Only the pine studies were reviewed. Ultrasﬁructural ‘

~characterization for the later missions included: Pine and tobacco

during'Apollo'14,.soybean during Apollo 15, -and sunflower. during Apollo

1l6. «Species selection is as yet uﬁselectedifor the‘Apollo 17 study. 1In

‘all cases, the material Efﬁdiédﬂdyfoidgiéailywdbﬁsiéféd_dhlx of bléﬁtv_"'

© -

'tiséue cultures and representative samples (2 each treatment) were

collected at weekly intervals until sample supply was exhausted (5 week

“duration).

Genérél Tissue Prep‘Eor All Samples K -

Methods.and Materiais:

L,

‘Tissue preparation: Tissues prepared for eIectrQn microscopic

R

examination were carefully excised to minimize any physical damage

and were quickly immérSedviﬁ a 6% flutaraidehydevsoiution (a 0{1 moléf'>
diéhosphate buffer at a}§H of.7). .Fikatioﬁ Qas fof ié»tq lG'hours ét:
0f4°.C and was fbllowed by threégwashes in the diphosphate buffer.fOr
periods of 30'minutes each;i'Pdst'fikaqion Qés.accomplished usiﬁg a

2% osmium tétroxide.solution (0.1 mﬁlaf'buffer at a pHvdf 7) for 3OA

minutes. The surplus osmium solution was removed by means of three

+

" distilled water washes of ten minutes each.

Co

‘Intermediate staining.invblved tissue exposure to a 17 uran?l

acetate solution in water for 12 to 16 hours. This was followed by two

more washes in water to remove any remaining stain. Dehydration was -

2

carried out in a graded series of ethyl alcohol at concentrations ranging



from SQ.to iOOZ With a immersion:time of 15 minutes in each dildtioﬁ.
Two_impregﬁation steps_usihg anhydrous propylene 6xide femoved.alliA
~ traces of fhe ethyl alcohol. These two steps were of 15 minute
periodsf' | |
 Ppilutions of the proéylene pxide;résin ﬁixture at a 3:1‘1:1, and 1:3

ratio were employed in the infiltration steps and tissue was exposed to

<

to the'uﬁdiluted résin>mixture'using vacuum to remoye all traceélof the
propylene oxide'and insure maXiﬁum incoréoraﬁion of the plaéticvinto the.
’ceiis;' The résin used in these,procedurgs was that deééribea by Winborn

"~ din 1965.aﬁdvinclﬁdes DEk;334, TAC, DﬁSZ; and DMP-30. uMounting;wés carried
:‘out in preformed-pqueth}lene capsqlés filied with fhe piastic. *Tissﬁes
wefe allowed to ééﬁtle‘to the capsule bottom befqre centering andaéub¥
sequent Polymefiéa#ion ét 603 C for 40 hours. o .

" Sections were cut on an Ivan Sorvall MT-2B ultramicrotomé~uSing
diamond knivés. Thése sections (ranging from gr¢y to paie.yelléw) wégé
mounted on'precleaned 300 or 400 mesh afheﬁé type grids and staiﬁed for -
five m&nutes-in.a 17 ﬁranyl_acetaté solﬁfiéh'and for féufvminutes in the
lead citrate solution of Reynolds (1963). Each staining.step was foliowéd
bf.washes in distilled.ana filtered water to remgve any traces of theA
uncombined stain. Sections werevthen lightly'coated with carbon u#ing
'evaﬁoative techniqueg and examined on a Hitachi HS-8 electfonbmicroscope.

Images were recorded at magnifications ranging from 2,000 td‘50,000h



Prior Reports on the Apollo 11 & 12
Quarantine Studies ’

‘What Dr. Paul Mablberg (Biology Department, University of

Indiana) reported on Pine Tissue Cuituresitested during the first two

quarantine missions.

1.

S2.

Resin accumulation in lunar treated tissues.

not unique for pine).

Partial wall development - not unique.

Nucleus and-division seems normal.

Dumbbell structures in all treatments and controls.

Nﬁclear and golgi membrane comblexés.

Dr. Baur's Observations of The
Pine Tis$ue_Culture

_ Better cells - better test subjects for metabolism study.

Tannin is produced within central vacuole.

.Dumbbells are worth reporting.

Cells lived longer with L & SL. (lunar and sterile lunar)

- treatments.

Nucleus, and'miﬁochohdria were unchanged.
Vascular activity was enhanced by L & SL treatment.
Nutrition was probably the cause of the effect.

Chloroplasts were much better in the lunar cultures.

Response was not species specific in the pine. -
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10. These cells would be good to use in future nutritional
studies.
11. Three types of ergastic material were formed (microspherules,

macrospherules, and froth deposits).
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Baur, P. S, C. H. WaLkiNsHAW; R, S. ' HALLIWELL, and V. E..ScHOLES. 1973. Morohology of Nicotiana

tabacum cells grown in contact with lunar material. Can, J. Bot. 51: 151-156.
Suspension and stationary habituated tobacco tissue cultures were examined histologically and

-cytologically after treatment with 0.22 g of lunar material. The treated and untreated tissues differed

in chloroplast structure and dxsmbuuon degree of cell association, cytoplasmxc vacuolauon and \’eSl-
culation, and hvmg to nonliving ratios. .

BAUR, P. S., C H. WarLkinsHaw, R. S. HALLIWELL et V. E. ScHoLEs. 1973. Morphology of Nicotiana
tabacum cells grown in contact with lunar material. Can, J. Bot. 51: 151-156.

Des tissus de tabac habitués a la culture en suspension stationnaire ont été examinés hxsto]oglque—
ment et cytologiquement aprés traitement avec 0.22 g de matériel lunaire. Les tissus traités et non-traités
différaient par Ia structure et la distribution des chloroplastes, le degré d'association cellulaire, la for-
mation des vacuoles et des vésicules cytoplasquues et I’abondance relative des cellules mortes par

rapport aux cellules vivantes.

" Introduction

Habituated callus cultures of Nicotiana taba-
cum L. treated with lunar material collected
during the Apollo 11 or 12 missions exhibited
an increased green pigmentation and remained

 .viable several months after untreated controls

had died (Walkinshaw et al. 1970). Subsequent
studies by Weete and Walkinshaw (1972) con-
firmed observations on increases of pigmenta-
tion in lunar-material-treated tobacco cultures.
Also, a change in the relative proportions of the
sterols was detected from comparative analyses
of the treated and control tissues (Weete et al.

- 1972).

Because treatment of tobacco callus tissue

. with lunar material affected the concentrations
of pigments anrd sterols, it seemed essential to

examine these tissues for possible morphological
and cytological differences. The cytological
response of tobacco ceils, in both suspension

" and callus tissue cultures, treated with lunar

material is described in this report.

1Department of Biological Sciences, North Texas
State University, Denton, Texas.

2U.S. Department of Agriculture, Forest Service and
Preventive Medicine Division, NASA Manned Space-
craft Center, Houston, Texas 77058. Author to whom
inquiries regarding this paper should be addressed.
© 3Department of Plant Sciences, Texas A & M Univer-
sity, College Station, Texas.

[Traduxt par le journal]

Materials and Methods

Cultures of habituated tobacco callus, maintained at
the ‘University of Houston (Chen and Venketeswaran
1968), were grown in liquid or on semisolid medium. The
liquid cultures were initiated by the inoculation of 1-cm3
(about 1.g) picces of actively growing callus into 125-ml
culture flasks-containing 45 ml of medium modified: from
Murashige and Skoog (1962) (Table 1). Flasks containing
the inoculum and those containing only culture medium
were placed on a platform shaker operated at 125 cycles
per minute and provided with alternating 12-h light

" (about 1500 ft-c) and 12-h dark periods. The temperature

varied from 23 to 27°C during the experimental period.

After 14 days of growth, 0.22 g of dry-heat-sterilized
(160°C for 16 h) lunar material was added to each of five
suspension cultures and to five flasks containing medium.-
Five suspension cultures and five flasks of mcdlum were
left untreated for controls.

Ten days after treatment, the flasks were removed from
the shaker and the contents prefiltered through Whatman
No. 3 filter paper to separate cells, cellulur debris, and
lunar material from the medium. Filtrates then were
passed through 0.25-p filters and analyzed by atomic ab-
sorption spectrometry for Al, Ca, Fe, Mg, Si, and Ti.
Total cellular mass (wet weight) was determined by gravi- -
metric means without correction for any weight contrib-,
uted by lunar material adhering to, or embeddcd within,
the tissue.

Samples (1 mm3) were excised from the periphery of
the suspension tissues for electron microscopy. All re-
maining material was fixed for light microscopy. Tissue
samples were fixed in 69 glutaraldehyde (pH 7.0, 0.1 Af
diphosphate buffer, 0-4°C) for 24 h (Sabatini et al. 1963).
Tissues were postfixed in 29 osmium tetroxide for 30 min |

- (Pease 1964), dehydrated in cthyl alcohol series, and em-
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bedded in the epoxy resin mixture of Winborn (1965).
Thin sections were cut on an Ivan Sorval MT-2B ultra-

. microtome using. 2 diamond knife, stained with uranyl

acetate (Huxley and Zubay 1961) and lead citrate (Rey-
nolds 1963), and 2xamined with a Hltachl HS-8 electron
microscope.

Samples for light microscopy were cleared in xylol,
dehydrated in ethyl alcohol, and embedded in paraffin. -
Sections 8§ p thick were stained according to the Papam-
colaou Technique 1 (Reagan 1963). .

Callus cultures that were newly subcultured on White's
10X medium (White 1963) were each treated with 0.22 g
of lunar material. The conditions under which these cul-
tures were maintained were identical with those described ~
by Weete and Walkinshaw (1972). Small portions were
excised from the margins of each of six treated and six
control cultures at 3-weeck intervals for 12 weeks. These

- samples were prepared for examination in the same man-

_ner as were those collected from the suspension cultures.

The lunar material used in this study was recovered

from algal cultures treated during the Apollo 12 quaran-

- tine and was prepared in the manner described by Weete

and Walkinshaw (1972). -

Results and Discussion *

At the time of treatment, 20-30%, of each
suspension culture consisted of free cells, This
production of free cells, partly from new cell

TABLE 1

" Modified Murashige and Skoog medium used
in this experiment

Concn.
contributed
by
inorganic
com-
) : ponents,
Component Concn. Cation ppm
© NH4NO; 0.66 g/! Ca ° 63
CaCl, 0.176 g/1 Fe 7
MgS04-7H,0 0.148 g/1 Mg 14
KNO; 0.76 g/} Si 0
KH.POy 0.068 g/l Al 0
HiBO; 0.248 g/l1 Ti - 0
MnSQO4-4H,0 4.46 mg/l
ZnS047H,0 3.44 mg/]
KI - ) 0.332 mg/}
NaMo04-2H,0 0.01 mg/1
CuSO4-5H,0 .0.001 mg/l
CoCly-6H-0 0.001 mg/l
 Ferric tartrate 40 mg/l1
Glycine 3.0 mg/l
Thiamine-HCI 0.1 mg/l
Ca pantothenate 2.5 mg/l
a-Naphthalene- .
acetic - 0.5mg/}
2,4-D 1.0 mg/l
Sucrose 20 g/1
Coconut milk 150 mi/l
Edamin 1 g/l

NotE: pH adjustied 10 6.3 with dilute HCL
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formation and partly from disintegration of thc
initiate, continued in the control cultures until
50-60%, of the total culture mass consisted of
free c:lls when the experiment was terminatid.
No free cells were observed in the lunar-material-
" treated suspension cultures at the termination of
the experiment. This absence of free cells in
treated cultures may have resulted from the
abrasive nature of the particulate lunar material
(42 p or less in diameter with 35-409, of the

particles 1 pu or less), changes in_the culture nu- .

trition, or increases in the bindino forces of ad-
Jacent cells. .

Control cultures changed color from their ini-
tial light green to tan at the time of treatment.
At termination, controls were still tan, but
treated cultures had become dark green. This
change agreed with the findings of Weete and
Walkinshaw (1972) for tobacco and Silverman
et al. (1971) for the green alga Chlamydomonas
reinhardii.

The texture of the suspension culture initiate
was. firm. However, at the time of treatment with
the lunar material, it had become a friable mass.
Control cultures continued to crumble until the
termination of the experiment with the cell mass

in the culture comprising only 40-509, of the

total (2.212 g). The lunar-material-treated . cel-
lular mass (1.510 g) was firm and solid at collec-
tion and resembled a typical callus grown on
semisolid medium,. _

At the termination of the experiment, 50609,
of the cells'in the control suspension cultures
were determined to be nonviable (lacking any
evidence of cytoplasm) by histological examina-
tion. In treated cultures, only 20-30% of the cells
were dead. Viable cells in untreated cultures
examined by light microscopy contained large
(80909, of cell volume) central vacuoles sur-

.rounded by a thin layer of parietal cytoplasm. The

nuclei, always surrounded by plastids, were
pressed to the cell. wall (Fig. 1A). These cells were
similar . to those described by Ball and Joshi
(1965) in their study of tobacco callus cells
grown in liquid culture. '

Also, vacuoles were observed in the lunar-
material-treated cells, but their volume seldom
exceeded more than 509, of the cell. Although
control cultures were larger than treated cultures
at experiment termination, the weight estimation

" of viable cells per culture was greater in the

treated tissues (2.212 X 0.55 = 0.995 g per con-
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trol culture as opposed to 1.510 X 0.75 = 1.133
g per treated culture). When vacuolar content is
considered, the response of the treated tissues is
more evident. Cytoplasmic content of the control
cultures was estimated at 0.15 g per culture (0.99
g cells X 0.15), whereas, "treated cultures aver-
aged 0.57 g per culture (1.13 g cells X 0.50).
Thus, the cytoplasmic content of the treated cul-
tures was four times that observed in the controls.

Numerous transvacuolar strands were ob-

~ served radiating from the centrally located, well-

defined nucleus of the treated cell (Fig. 1B). No_
difference in cell size, cell wall thickness, or stain-
ing was noted between treated and control
suspension cultures. Cell division was not as
evident in the controls as in the treated cultures.

Lunar particles were observed in nearly ail
crypt areas-(Fig. 1B) but were not found within
any cell. These particles were often observed ad-

‘jacent to, or sandwiched between, viable cells.

Such an incorporation of the lunar materials into
the treated -cultures resulted from the almost
complete suspension of the lunar particles during
culture agitation. Incorporation of the lunar
material in the crypt area also must be considered.
as a factor in cation uptake. Walkinshaw et al.
(1970) postulated the extracellular dissolution of
the lunar materials by secreted acids. If this is
the mechanism, the crypt areas would afford
isolation from the turbulence of the medium-that
would remove most of the soluble salts formed
during hydrolysis. _

Analyses of the medium filtrates failed to
reveal any contribution of soluble cations made
by the lunar materials after exposure to the cul-
tures or to the medium (Table 2). The tobacco
tissue cultures did not dissolve sufficient amounts
of lunar material to affect the concentration of
cations in the cell-free fluids. Other studies (Duff

et al. 1963; Henderson and Duff 1963; Webley .'
et al. 1963, Silverman and Munoz 1970) have

shown the solubilization of phosphates, silicates,
aluminum, iron, and magnesium from rock
materials by fungi and bacteria. Silverman et al.
(1971) concluded that the pigmentation changes
brought about in the bacteria Serratia marcescen
and Pseudomonas aeruginosa grown in contact

with Apollo 11 lunar material may have resulted

from a leaching of iron from the lunar fines. Al-

though the lunar material in this experiment was
recovered from previous tests on algae, it still

caused a response in the tobacco cultures.

Cells from the control suspension cultures,
when examined in the electron microscope, were
found to contain large vacuoles with numerous
plastids in the folds of the convoluted nuclei (Fig.
2A). No ergastic depositions were noted within
the vacuoles. Well-defined mitochondria, Golgi

bodies, and endoplasmic reticulum were observed

in the cytoplasm surrounding the nucleus and
adjacent to the cell wall. Plastids of control cul-
tures were small and densely stained. These
organelles frequentlycontained numerous opaque

-globules. Prolamellar bodies were infrequent
and starch granules were absent. Except for .

plastid morphology, the ultrastructure of these
cells closely resembled descriptions of tobacco
tissue culture. cells made by Nakata and Hxlde-
brandt (1967).

Ultrastructumlly, the 1unar-mater1a1 treated
suspension cells showed a higher degree of vesi-
cular activity than untreated ones. Many. of the
vesicles appeared to originate from Golgi bodies

-and were apparently involved in the forming of

phragmoplast (Fig. 2B). This observation agrees
with the intact tissue studies of Frey-Wyssling

et al. (1964). Pinocytotic-like vesicles, apparently

formed by infolding of the plasmalemma, fre-

TABLE 2

" Concentration of soluble cations found in the Jiquid medium of Nicotiana rabacum .
shake cultures treated with lunar material

Concn., ppm

: - : - pH of
* Treatment : Ca Fe Si Mg Al Ti “medium -
Medium + cells 4+ lunar 87.1+3.85 2.2+0.29 22.5+1.23 60.5+1.35 0.06 2.5 ‘A6_‘0

material (0.22 g each)

Medium - cells 89.1+8.08 1.3+0.7

Medium -+ lunar material

21.4+2.95 64.3+14.1 0.06 . 2.7 6.3

(0.22 g each) '88.6+5.42  0.055 18.7+1.35 40.8+1.6 0.06 2.5 6.4
Medium 88.34+7.12 0.05 18.3+3.2 42.3+4.51 0.25 2.5 6.6
Note: Elements are reported as oxides, Values a;e the means of the five cultures in each group. ¢ )
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quently were observed in the lunar-material-
treated cells. These were noticeable especially in
the vicinity of lunar particles (Fig. 3A). Mito-
chondria, Golgi bodies, and endoplasmic retic-

~ulum observed in the treated cells were similar

in structure and distribution to those found in the

..untreated cells.

Most of the plastids in the treated tissues were
large, densely stained bodies containing grana
lamellae and osmiophilic- droplets- (Fig. 3B).
Some were similar to those noted in the control
tissues . (Fig. 2A). Although chloroplasts of

treated cultures were more or less elongated or

ovoid, some resembled the cup-shaped forms ob-
served in in vitro cultures of artichoke reported
by Tullett ez al. (1969). These unusual forms were

" noted also in the controls. Plastids of treated cells. -
. were similar in appearance to those observed in

cells of in vitro cultures of Daucus carota (Israel
and Steward 1967) and Oxalis dispar (Sunderland

“and- Wells 1968) grown under increased lighting.

In the current experiment with tobacco, treated
cultures may not have received as much illumina-
tion as the controls because of the shading by the
lunar maternial, yet their plastids were more de-

“veloped. .
In the callus cu]ture experiment, control cells

examined 3 wecks after subculture resembled the
controls in suspension culture (Fig. 4A). How-
ever, chloroplasts contained sizeable quantities
of starch and small opaque vesicles distributed
throughout the stroma (Fig. 4A). Prolamellar
bodies were not observed. All other cytological

- features of these cells were similar to those re-

ported in tobacco tissue culture cells by Nakata
and Hildebrandt (1967).

Cells collected 3 weeks after application. of
lunar material to callus show grana lamellae,

.osmiophilic droplets, and starch deposits in many
- of the chloroplasts (Fig. 4B). Crystalline bodies

similar to those described by Cronshaw (1964)
were present in the cytoplasm of both control and

lunar-material-treated cultures (Fig. 4C). Cyto-
plasmic density appeared to be greater in treated’

tissues as compared to controls. The percentages
of dcad cells (80~9097) and vacuolar to cyto-
plasmic volume (70-809%) were the sare in both
groups. Variability of cellular ages found within
each culture was taken into consideration when
ultrastructural observations were made. Only
those cells considered mature were compared
from culture to culture and between treatments.
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Six weeks after treatment, controls appeared '

the same as the 3-week treated cells. Except for

chloroplast development, controls in the callus

experiment continued to resemble the treated
cells 3 weeks younger in age.

Six weeks after the application of the lupar

material, the cells from treated cultures contained
highly developed plastids with large starch gran-
ules, four to six lamellae, and many osmiophilic
-droplets (Fig.- 5A). These cells were similar in-
structure to those found in tobacco tissue cul-
tures past the log phase of growth (Laetsch and
Stetler 1965). Slight reductions in the percentage
of dead cells (70-8097) and vacuolar to cytoplas-
mic volume (60-709,) were observed in thls
tissue,

Aside from continued Jmprovement in chloro-
plast structure and increases in the percentage of
live cells, the only feature unique to the 9-week-
old treated culture was the unusual array of
mitochondria found in one cell (Fig. 5B). This
network of one or more organelles contained
electron-dense granules embedded in the ground |

- substance. We have never observed this conglom-

erate in any other plant tissue or tissue cultures.
However, it is suggestive of the calcium-deposits

in mltochondna of animal cells observed by '

Martin and Matthews (1970).

Twelve weeks after application of lunar mate-
rial, the treated cells closely resembled intact
differentiated tobacco tissues. These cells exhib-
ited well-developed chloroplasts, large con-
voluted nuclei, distinct vacuoles lacking ergastic
material, and cytoplasm rich in organelles (Fig.

' 6A). Vesicular activity was minimal compared
with that observed in the suspension culture. The -
percentage of dead cells in the treated callus cul- -

tures (60-709,) apparently had stabilized because-
this was the estimated value determined for the
9-week cultures.

Chloroplast development in 12-week-old con-
trol cultures was not as complete as that found
in the treated cells. However, large plastids that
contained opaque vesicles and starch granules -
were more common than those containing grana
lamellae (Fig. 6B).

The callus culture findings agree thh the ob-
servations of Weete and Walkinshaw (1972).
Pigmentation increases noted in tobacco callus
cultures can be correlated with the degree of
chloroplast development, increase in living to

_dead cell ratios, and by dlﬁerences in vacuolar

e

T AT T gt TR W T YT TR ey T (v Y X I A



ML ol

volume. All three factors could contribute to
the increased pigment content per gram of
tissue.

It can be conzluded from these observatlons
that lunar material is in no way detrimental to
tobacco tissue culture cells, However, the lunar
material induced a number of biological re-
sponses in these tobacco cells. Of particular
importance was the acceleration of plastid devel-
opment and a retardation of vacuole enlarge-

‘ment. These findings imply that lunar -material

affects the inorganic composition of the treated

ducted at the NASA Manned Spacecraft Center

" Lunar Receiving Laboratory to define the nature

of these elemental changes.
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EXPLANATION OF FIGURES

List of abbreviations: C, cytoplasm; CA, crypt area; Cr, crystal; CW, cell wall; ER, endoplasmic reticulum;
G, granum; Gb, Golgi body; Lp, lunar particle; M, muochondnon MG, mitochondrial granule; N, nucleus;
Od osmiophilic droplet Ov, opaque ves:cle P, plasnd S, starch Ts, transvacuolar strand; V, vacuolu,

and Ve, vesicle.

Fic. 1A. X 465. Light micrograph of cellular aggregate from control suspension culture stained with °

~ Papanicolaou stain. Large vacuoles, small amounts of cytoplasm, and densely staining nuclei characterize
the cells found in this tissue. FiG. 1B. X 465. Light micrograph of cells from lunar- material-treated suspension’
-culture stained with Papanicolaou stain. Distinct transvacuclar strands, centrally located nuclei, and central -

vacuoles typify the cells in this tissue.

FiG. 2A. X 18 150. Elcctron micrograph of control suspension culture at termination of the experiment.
Densely staining plastids lacking any evidence of starch were routinely observed within the involutions of
the nucleus. Central vacuoles, lacking evidence of ergastic deposition, were common in the control tissues
in the suspension cultures. FiG. 2B. X 28 840. Electron micrograph of suspension culture 10 days after treat-
ment with lunar material at termination of experiment. Numecrous vesicles that seemed to originate from the
Golgi bodies were apparently involved in wall synlhesns of this ceil found in the tissue mass from a lunar-

treated suspension culture.
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FiG. 3A. X 21 200. Electron micrograph of lunar-material-treated suspension culture at termination of
experiment. Pinocytotic-like vesicles were observed in close proximity to lunar particles. FiG. 3B. X 23 600."
Electron micrograph of lunar-material-treated suspension culture at termination of experiment. Well-devel-
oped chloroplasts containing grana, osmiophilic droplets, and opaque vesicles were observed routinely in the
treated suspension cultures.

F1G. 4A. X 11 250. Electron micrograph of 3-week tobacco callus control culture. Large plastids contain--

ing starch and opaque vesicles, and lacking evidence of prolamcllar bodies were common in the 3-week-old
contro} tissue from the callus experiment. F1G. 4B. X 20 250. Electron micrograph of tobacco callus culture
3 weeks after application of lunar material. Well-developed chloroplasts, containing grana and starch with
occasional osmiophilic droplets, were observed routinely in the callus tissue examined 3 weeks after treatment
with lunar material. FiG. 4C. X 38 950. Electron microzraph of 12-week control callus culiure cell containing
a paracrystalline body. These bodies were observed in both treated and control cells at all sampling times.

FiG. 5A. X 29050. Electron micrograph of tobacco callus culture 6 weeks after application of lunar
material. Well-developed chloroplasts were observed in callus cultures grown in contact with lunar material
for 6 weeks. This plastid typified those observed in other treated cells sampled at this time. FIG. 5B. X 21 000.
Electron micrograph of tobacco callus culture 9 wecks after application of lunar material. Conglomeratxon

“of mitochondria containing electron-dense granules-in the ground substance is-seen. -

Fi1G. 6A. X 21 250. Electron micrograph of tobacco callus culture 12 weeks after apphcatlon of Iunar
material. Chloroplasts and mitochondria in the cytoplasm were in close proximity to the nucleus of lunar-
material-treated callus culture cells. The central vacuoles lacked evidence of ergastic deposmon Fic. 6B.
X 21 650. Electron micrograph of 12-week control callus culture cell. The plastids “observed in control culture
cell samples 12 wecks after initiation of the experiment éxhibited starch granules, osmiophilic droplets, opaque
vesicles, and densely staining ground substance characteristic of this tissue. The organclles m this view were
in prommxty to the highly convoluted nucleus.

Note: Figs. 1-6 follow.
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