'V.;ﬂume32, number 1

FEBS LETTERS

Msy 1973

LOCALISATION OF CELLULAR 'GLOBIN MES:SENGER RNA-BY IN SITU
- HYBRIDISATION TO COMPLEMENTARY DNA

P.R. HARRISONM, D. CONKIE and J. PAUL
The Beotson mmstitute for Canczr Resesrch, 132 Hill Street, Glasgow 03 U, Scotand

K.JONES
Deportment of Epigenetics, University of ¥dinburgh, West Moins Rocd, Edinburgh EH® 3NV, Scotland

Received 22 March 1973

1. Introduciion

An important aspect of the control of cellnlar dif-
ferentiation is the sequential activation of genes, lead-
ing to synthesis of specific messenger RNA’s
(mRNA’s) specifying proteins characteristic of a par-
tioudar differeniiated cell. The problems involved in
elucidating these complex biolopical chanpes are basi-
cally two-fold: i) to detect in a given cell type minuie
amounts of specific mRNA’s and i1) to correlate
changes in amonnts of specific mRNA’s with chzn pes
in the differentiated state.

This repori describes a general method which al-
lows detection of minute traces of a specific mRNA
in cytological specimens of cells. The method is ap-
plied to detzel ghobin mRNA in erythroid cells. We
have shown [1; 2] that a reasonably faithful DNA
copy {cDNA) of globin mRNA can be obiained by
transcribing monse reticulocvte 95 RNA by reverse
transcriptase. Using this cDNA as a prnbe, the conven-
tional in sim hybridisation technique is extended to
detect globin mRNA’s in the developing foetal liver

and in Friend-virus transformed ¢ells treated with di- -~

methy] sulphoxide (DMSO).

2. Methods

Fozial liver cells were ohtained by rontine meth-
ods [3]. Clone 707 Friend «ells {originally supplied
by Dr. Charlotie Friend, Mount Sinal School of
Medicine, New Yoik), were growa in Ham’s F12 me-
gdivm supplemanied with MEM amino acids ang 16%
horse serum. '
cDNA wzs obiained essentially as deseribed previ-
ously [2] except that unlabelled dATP and dGTP {at
a conceniration of 500 pM) repilaced labelled dATP
angd dGTP, and reverse transcripase of activitr 100

_nnits/ml was used. The purified cDNA had a specific

- |

activity of about 26 X 105 dpmipg and mean size
120,000 daltons.

Cytocentrifuge preparations of cells, fixed in etha-
nolfacetic acid {3:1), were prepaed for in siti hybrid-
isaiion by treatment with 0.2 N HC for 20 min at

. 20°, followed oy dehydration throngh 50%, 70%,

00% and absmi!m‘:‘:e gthanol. cDNA was dissolved
{abort 4 X 107 Apmjml) in-either (23 0.3 M NaCl,
.03 M cirate (2 X 858C) or (b} 3 X S5C containing

* 40% formamide {redistilled or Fluka). About 3 plof
. ¢DNA were appliad 1o each _islide: covered and sealed

“before incubating (a} al 60° for 6—18 br 05 (b} 44°.

- for 18 hr. The preparations were uncoverf:ﬂ washed

- Tin 2 X SSC 2 20°, treated for 1-—2hr 2t 55%in
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72X 88C, then dehydrated. In some cases, the prepara -
. tionswere Jng:ubated “T-“,h.ﬁl _na;:lgasf:_ }gplg;g@f the =
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Plaie 1. a= 15 celis; b= Fricad 707 czlls. ¢, 4 = Friend 707 cz:a?!]s afier growth ffm tdaya in 1. 5‘? DHSD. 2= 113.5 day foedal kiver
m]]s. Al auteradiographs were exp me.d for 10 wacks, '
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wash in 2 X S8C ai 55°. Autoradiographs were pre-
pared and exposed for 3—26 wesks as necessary.

3. Resulls

The results of i it hybridisation of globin
cDNA 1o various cells is illusirated in plaie 1. Oniy
background labelling is observed over LS cell prepara-
tioms even with exposure of 6 months. However,
mnst cclls derived from 13.5-day foztal liver 212 heavi-
Iy izbelled. mainly in the cytoplasm. Labeiled cells
comprise both immature (mainly basophilic eryihro-
blasts, but also same proerythreblas®s, as judged by
size) and maiure cells {polychromaiic and orthochro-
matic erythiobiasis). However, labelling of reticulo-
cvies is rarely observed, either in these preparations of
foetal liver o1 in cylocentrifuge preparations of weli-
culocytes from phenylhydrarine-treated mice. This
anomaly iz probably due io the fragility of reticulo-
cytes under the conditions of i sity hybsidisation.
Heavier labelling iz obiained by hytbridising cDNA to
foetal liver cell preparations at 44° in 3 X SS8Cfforma-
mide rather than in 2 X §8C at 60°. The mosphology
and staining of foetal Hiver preparations after the latier
procedure is also impaired. However, under both con-
ditions, no loss of labelied RNA from either nucleus
or ¢cytoplasm has been delecied autoradiographicaily
in conirol cells labelled in vitro with [3Hluridine.

Friend cells {clone 707) show a very low Iabeliing
after in sizu hybridisation to globin cDNA. However,
after growth of these c2lls in 1.5% DMBO for 3 days,
very heavy labelling of alimost 211 the cells is observed.
As with foetal liver celis, this labeiling is predominant-
i¥ cyitoplasmic. This increase in & sity hybridisation
of gobin ¢DNA ceeurs before the increase in haemo-
globin content which reaches a maximunm after treat-
ment of these cells with DMSO for about 5 days (D.C.,
unpublished results). However, after longer exposures
{about 6 months), ntrepted Cione 707 Friend celis
show a distinet laselling..in contrast ta 1.8 cells
treated identically. Control experiments show that
there is Yitle loss (perhaps 20%) of [PH]uridine-labei-
led RNA from elther nucleus or cyioplasm afier in
sitg hybridisation in SSC/formamide a1 447, Howeves,
in pontrast 1o foeial liver cells, a considerable loss
{about 50%) of cyioplasmnic label, bui not nuckear
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label, oceurs after hy bridisation in 2 X $8C at 60°.
This loss may be due to actual loss of total ey toplasm
or specific loss of RNA during the f sise procedures.
Visible loss of cytoplasm is noticeabls in certain cases,
2.g. Friend cells treated with DMSO for 5—5 days.

The results described above are typical of several
slides and experiments. In widely scattered fields on
some slides, there was considerable variztion ia de-
gree of labeliing (c.f. plate 1 ¢ & d). However, the
same striking differences in labelling between the vani-
ous cell types have been obtained independently in
our two laboratories.

4, Diseussinon

Globin ¢cOMNA is known to be a reasonably faithiul
copy of globin mRNA (f1,2] and P.R.H., unpublished
data). Therefore, provided the observed in sity hybrid-
isation of globin ¢INA represents specific RMA-DMNA
hybridisation, then these experimenis show that glo-
bin mRMNA can be detecied in fixed slide preparations
of cells.

4.1. Siringency of #iy bridisation condirions

Globin ¢cDNA was incubated (vsually in 3 X S8C/
40% formamide) with the denatured preparations at
a temperature about 15° below the melting tempera-
ture of 40% G+C RNA-DNA hybrids [4]. Under
these conditions, specific cDMNA-globin mENA hy-
brids are fonmed in true solution ({2}, P.R.H., unrub-
lished resulis). Furthermore, after hybridisation, the
cell preparations were reutinely stressed thennally at
35°% i 2.X 88C or treated with a single-strand specific
nuclease. Both these treatments should eliminzte non-
spegific pinding of cDNA.

4.2. Specificity of fiybridisation with respect jo vell
ivpe

in sitw hvbridisztion of cINA Is only observed io
normal 2rythroid cells {foetal liver) or huemogiobin.
ised cells (Friend cells after treatment with DMSO)
bu¢ not 1o non-2rythroid cefls {5 cells). An anomaly
is the lack of in situ hyoridisation of cDNA to reviculo-
oytes, from which 9 5 RNA {veod to prepare slobin
c¢DNA) is isolated. This indicales that care musi be
taken in interpreting negative resulis oblaineu by this
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_techmqua Ceriam zells may lese globin mRNA wﬂur»

ing fixation of i situ hybridisation. Alternatively, glo- -

“bin mRNA may be masked by protein, for example,
lrugh ce'ﬂnlar mneenimtlm@ of haemoglobin.

4:3. Rei’fvmzce of resulls -

- These resulz iilusirate primazily the vmniﬁy ﬂf
the in sisu technigue for locating at least one specific
mRNA in cylological preparations of ceils. Calenla-
tions based on the minimurn grain count vonsidered -
sigrificant, the specific activity of cDNA and an as- -
sumed autoradiographic efficiency of aboui 10%,
show that the method delects about 5 X 105 pg of
globin mRNA in 2 given cell. It is impossible to mea-
snre directly what proportion of globin mRNA in a
fixed cell hybridizes to ¢DINA under these conditions

in site. A typical prain count of about 150 over three- -

day induced Friend cells exposed for seven weeks cor-
responds i about 8 X 1074 pp of globin mRNA,

whith is about D.008% of the total cellular RNA. This
proportion is about ong half of that estimated by hy-

bridisation of globin ¢DNA to three-day induced
Friend cell polysomal RNA in troe solution [Gilmonr,
Windass and Panl, personal communication] . 1 is

. therefore clear that the technigue is extremely sensi-

_ tive. Conpled with the fact that measur:ments are -
made finally by micros mpm: ‘obzervation on cyiclogi-
¢al preparations, this means that the technigus is par-
tienlarly valuable in .. cating minuse trsces of specific
RNA’s in cells difficuli to obtuin either pure o1 in

larpe quantities,
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- The blun'logmal Jmpllc_‘at:ons of these ami slmﬂar X~

periments in connection with ery throid c:ell develop-
. ment will be the snbject of subsequent IEpDIIS {in

Iepmmnn) Howaever, the present results show that i

“in 13.5-day foetal liver; globin mRNA is ﬂeiex:“table m

some cells classed a3 proerythroblasts and in most

_ basophilic erythroblasts. This indicates tha, at this
‘siage of foeial liver development, the globin genes

probably begin to be activated in the earliest recognis-
able #rythroid precursor cell. In terms of whether the
g‘mbm genes are activaled, the uninduced elons 707
cell appears 1¢ be eguivalent 10 the proery ﬂlm‘blast of.

. ihe normal @I}’ﬂﬂﬂlﬁ eell series,
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