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NUCLEIC ACID CONTENT OF CHLOROPLASTS OF SPINACH o ERE
/f ISOLATED BY A NON-AQUEOUS TECHNIQUE -
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, There is strong evidence for cytoplasmic inheritance of chloroplasts '3liv-:f :; ;
| .in higher plants. This genetic autonomy, together wich the demonstration }j;;l_;i fﬁi?
L of protein synfhesis 1,2 and the presence of rlbosomes 34,5 in chlonopla;ts, '_;;lsj _ ;Q
;'ﬁ; has generated conszderable interest in the nuclelc acids associated with ;1af;{: ’i%;
chloroplasts.. | ;l'ﬁfl. ﬁiv
P Many investigators have reported the occurrence of chloroplast nucleic; ”?Ebtl. _;1?
" acids 6.’but_fhere is considerable quantitative disagreement in:thesekl = ;ff Ll}
= results, This is:undoubtedly in part due to differences in the material ‘ffﬁ ] 53
é:'ijanalyzedg and the‘analytical methods employed. These methods include ’ fgi
; ucytochemicaliprocedures, whichAdepenq upon the specific staining of RNA¥® ) s %éf
,"-,and‘DNA in the chloﬂoplasts of intact cells, and the chemical{analysis of . ,ﬁi
'RNA and DNA extracted from chloroplasts isolated in isotonic aqueous media. ' " ?};
:'f? A more recent technique is lhe incorporationof Hsathymidine:in;o Spirogyra 7'?’?%ﬁ13:.”f-ﬁ;'
:’for tobacco leaves 8, and intracellular localization by means of autoradio- izi 'ig
/;graphy, Electron microscopy 1ndlcates the presence of DNA in Chlamydomonas 'f‘ , i;
.. "chloroplasts S, Sedimentation studles in Cs012 density gradlents indicate 5%} Z:
:35‘ that DNA extnacted from higner planf.chloroplasts 10; and algal chloroplasts. K ?i
Y.ja:lo ll -dlffers in density from that of the nucleus. f
J.Ef The amounts of nucleic a01d repovted in chloroplasts u31ng.cytochem1cal ' T?
V 'l4procedures are at the lower 11m1t of the methods' sen31t1v1ty6.- Thls lack of ' ‘;
1 :‘fsensxtlvzty is cerumvented by dxrect'chemlcal analyszs of polynucleotlde v%:




"-.”electron‘mlcrograoh taken bv one of us (R.B.P.) of a similar preparatzon{

extracted from isolated chlor0plasts. However, in this procedure,
artifacts are encountered; owing to contamination of the plastids by = “
:~nuc1eic acids from other cell components during isolation; This con=-
tamination has'been elegantly avoided for chloroplasts DNA by Baltus.
eand Brachetlz, whose results were conflrmed by GlbOP and Izawala. These

workers removed the nucleus of Acetabularla, prlor to chloroplast iso-

lation and analysls. Additional errors in these experlments may:also
arise by the loss of nucleic acids from chloroplasts either by leakage

" or enZymic degradation, particularly when aqueous.isolation procedures

~ " are employed. However, these difficulties are largely avoided if plastids;;;h;;‘

.are isolated by the non~aqueous methed, This paper reports the chemical

s

3;est1matlon of RNA and DNA in spinach chloroplasts 1solated by a non-aqueous -

'
t

T‘densmty technique.

“"Chloroplasts were isolated by modifications of methods by Heber

":?>Polynucleotides were estimated by the Smillie-Krotkov modifications Of_;;i;?i:"

: f;the Schmldt-Thannhauser procedures. The purxty of the chlorOplasts was

; checked by .phase mlcroscony ‘after staining with methyl green, and an = .. °

v..has been publlshed by Heber, This*micrograph together with enzymic

AN

'*‘checks by Heber, also demonstrates the purlty of the preparatlonse

One hundred mllllgram samples of non-aqueous chloroplasts were ex-
Ny

.!'

tracted thh methanol cold trichloracetic’ acxd ethanol and ethanol-

: elther mlxtures, and the 1nsoluble resxdues were exther subjected to

: mlld alkalxne hydrolysis for RNA nucleotldes, or strong acxd hydrolysis

. for. total nucleotxde estimations. The results are summarxzed as followso _ o
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'Mil}igrams,polynuc;eotide per 100 mg, non aqueousiéhloroplasts

Treatment

- UV absorption

© 260 mu

test for

diphenylamine -

deoxykibose-;

orcinol test
for -

" ribose - -t

phosphate

1, Strong acid
1v:hydroiysate (5%
perchloric acid,

15 ‘ma, 90°C.)

. 7.95

(DNA_+ RNA) -

0.40

(DNA)

7,80

(DNA).

8010

(DNA +"RNA)

ofor DNA .

2600 AA_suggests 1nterference by some hydrolysxs products other than nucleo-'ﬁ |

1t1des.

analytlcal methods in such a study

[T,
1y 1

Thls emphasizes the necessity of worklng WLth several compllmentary

"-,.‘)a

2. wild alkaline ' - o SO
, Lo Cyaenad | e o ea1n T
e hydrolysate. 3.3@f”f‘ 7.49 :ii \ _.' 7.10 7.62 \'
(o 3NKG,. 16 hr, N "(RNA)J:QZT?/‘ ¢ ﬁi Rew) | I{RNA)‘f f
4?0.) 3} SRR i o o
3. Residue from 2, ||
 af;ér‘§t£ong.gcid 0795 0,37 - ol
hyd?olysis qst{ﬂ'i; _'(ﬁNA)i"?: "(DNA)i'” | e (DNA)
— ,
Ve ’
~ The conflrmatlon of values obtalned by analys1s of deoxyrlbose and
iphosphqte is- oood. However° the hlgh value obtalned from uv absorptlon at ,f, 1 o
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These data show that the chloroplasts prepared.by the non-aqueous
technique contain 0,5% DNA, and 7;5% RNA by ueight; An objection to these
3 data'might'be'that a considerable portion of the”plastid llpid was extractedh‘lpffiuiﬁ‘”
i:during'the isolation procedure, yielding high nucleic acid contents‘on a”; el

i weight basis, That’ thxs is ‘not the case is shown by other experimentslz, in o

w

"i'whlch non-polar solvents ~were 'shown to extract not more than 5% of the -

chloroplast_masso

'The value obtained for the DNA content of non-aqueous chloroplastsris

’

ftin good agreement with previous reports for aqueous chloroplasts, - The value
. _obtaxned for the RNA content is considerably higher than that reported
'f‘ﬂf:prev10usly (2-4%), and this difference is probably due to the application’

- of the non-aqueous technique for the isolation of chloroplasts. It is likely . ;fypl7
'. . Sy

" that RNA is leached from chloroplasts isolated from aqueous cellular homo- "} 7

viaenates- whereas this is minfmized by using non-aqueous techniques. 1In

18

',addltlon the actlon of the chloroplast RNAse: is:inhibited by operationffﬂf

1

" in a non-polar medlum.

In order to localxze the polynucleotwdes w1th1n the chloroplasts, stroma

‘ 17 e
- and grana fractlons were . prepared and analyzed uslng the same procedures.

The polvnucleotldes were found to be in the stroma fractlon and easily

leached out of the chloroplasts by means of aqueous buffers.
- Kl oFY

+ In summary, the DNA content nf spinach chloroplasts prepared in non-

"' aqueous media is s1mllar to that of chloroplasts prepared in aqueous buffers._ﬁ_

However, the RNA content of non-aqueous chloroolasts is higher than that of'53

paqueously prepared chloroplasts bv a factor of two. The RNA is localized
in the. stroma phase of the chlnroplast and is not bound to the quantum con- .:l%
“version apDaratus. It is suegested that the low RNA content of aqueous _lf}*bf;g"jfa'
ﬁchloroolasts is due to leachmg6 of the polynucleotxde dur1ng chloroplast |

.isolation. . ,{’
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* % Abbreviations used in this paper: o ;o L T SR HV
oo RNA - Ribonucleic acid N BT ST
DNA - Deoxyribonucleic acid
This work was sponsored, in part, by the U.S. Atomic Energy Commission,

wand/in part,by'thé.Départment of Botény, University of California, Berkeley u,T?LVf_
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