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A different pattern of RNA macromolaculam metabolism
was shown to occur in acute myaloid leukemia (3) blast cells
(23). Sedimentation analysis of labeled RNA extracted from
these cells after 6 hr of incubation with [5-3H]umidina
showed that a conspicuous proportion of radioactivity me
mainsassociated with moleculassedimanting fasterthan 28
5 RNA, behavior that is partially explained by the low nate of

processing of the nibosomal precursor RNA in these calls.
No information was then obtained about the metabolic

characteristics of the heterogeneous nRNA, a major portion
of which sediments fasten than 45 S nibosomal precursor
RNA (19). This paper will present the results of our studies
suggesting that AML3 blast calls are unable to process
rapidly at least part of the largest heterogeneous RNA mole
cules that accumulate in the cell.

MATERIALSAND METHODS

Cells and LabelingConditions.Homogeneousblastcall
populations were obtained from 12 untreated AML patients
with leukocyle levels ranging from 20,000 ho 200,000/cu
mm. The myeloblashic type of blast cell was established by
morphological and cytochamical criteria. The hepaninizad
blood was sadimented by gravity, and the leukocyha layer
was separated and diluted with minimal essential medium
and autologous plasma to a cell concentration of 2.0 ho 3.0
X 106/ml with 20% autologous plasma. Cultures of 200 ml

were maintained at 37Â°in 5% CO2 under magnetic stirring.
After periods of incubation with the labeled precursors
ranging from 10 mm to 12 hn, the cells were harvested by
chilling on frozen 0.9% NaCI solution and were centrifuged
at 1200 rpm. All radioactive RNA precursors used in our
experiments were purchased from Radiochemical Centre,
Amersham, England.

Preparationof RNA. Pellaledcalls,suspendedin 0.01 M
sodium acetate, pH 5.2, with 1 mM sodium EDTA, brought
to 0.5% with sodium dodecyl sulfate, ware shaken at 65Â°for
3 mm with an equal volume of a 90% solution of phenol :m
cresol (7.9:1, v/v) containing 0.1% hydmoxyquinolina. The
suspension was cooled rapidly in dry ica:alcohol and cantni
fuged for 10 mm at 15,000 rpm. The aqueous phase was
naaxtnaclad twice until no malarial was present at the inter
phase. RNA in the aqueous phase was precipitated with 2.5
volumes of ethanol and 0.1 volume of 20% potassium ace
late,pH 5.5.

3 The abbreviations used are: AML, acute myeloid leukemia; poly(A),

polyadenylate;poly(U),polyuridylate;PHA,phytohemagglutinin.
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SUMMARY

Time course and â€œchase'â€˜experiments showed that, after
incubation of acute myaloid leukemia blast cells with a
labeled RNA precursor, a large proportion of radioactivity
remained associated with RNAmolecules larger than 45 5
even after several hr. Double-labeling experiments with [5-
3H]unidine and [mathy!-'4C]mahhionina indicated that Un
methylated giant heterogeneous RNA larger than 45 S is
processed much mona slowly than the 45 S nibosomal pre
cursor, so that relatively large amounts of fairly stable RNA
of the former class accumulate in the call. The measure
ment of labeledgiant heterogeneousRNAmoleculesbound
to polyundylate-fiberglass filters showed that molecules
carrying polyadenylale segments seemingly turn oven faster
than those lacking polyadenylate.

INTRODUCTION

Many studies during the last decade have shown that in
animal cells the RNA sedimenhing faster than the 28 5 rRNA
is formed mainly by 2 classesof nRNA:the 45 5 nibosomal
precursor RNA and its intermediate products of cleavage
(41, 35, 32 5), and the so-called heterogeneous nRNA (1, 15,
26). The latter class of RNA includes, according to the most
commonly accepted view, large RNA molecules from which
mRNA is formed by posltranscniphional processing (3, 13,
19, 27). Whereas the structure and processing schema of
the former class in animal cells amarelatively well defined
(28â€”30),considerable uncertainly still exists about the
structure and metabolic pattern of the latter.

Both these classes of molecules are synthesized at such a
high matethat after a labeling period of only a few mm, they
cannyas much as 75% of the acid-precipitabla radioactivity
inconponahed in cellular RNA. However, because of the ax
tramaly high rate of processing and of andonuclear degra
dation, they represent only a small percentage of the total
cellular RNA (2). Therefore, in most animal calls after a
labeling period of some hr the label is distributed in such a
fashion that the radioactivity profile is supanimposable ho
the absombance profile, which shows that the largest part of
cellular RNA is represented by rRNA.
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Poly(U)-fibarglass fillers were prepared, and assays were
carried out by a modification of the method of Sheldon at a!.
(16). In some experiments, to increase filter capacity, twice
as much poly(U) (300 @g)was applied to each filter as was
applied by Sheldon at a!. (16), and filters were irradiated for
5 mm on each side rather than for 2.5 mm (6). Each poly(U)

filter was washed with 50 ml of distilled waler. Four hundred
@lof each gradient fraction were divided into 2 equal parts,

and in 1 of them acid-precipitable radioactivity was
counted. The other part was diluted with 1 volume of 0.2 M
Na2HPO4:NaH2PO4,pH 6.8, and put on a filter. RNA was
given 5 mm to hybridize, and the fillers were then washed
with 15 ml of binding buffer at 20Â°and 2 mI/mm . Filters were
than dried and counted. Control experiments showed that
no further radioactive RNAwas bound by filtering the wash
ing solution through a 2nd poly(U)-fiberglass filler.

RESULTS

Distribution of the Label in Time-Course Experiments.
Chart 1 shows the sedimentation pattern of whole-cell RNA
extracted from the blast calls of one of our AML cases after
exposure to [5-3H]umidine for lime periods of 15 mm, 4 hr,
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Sedimentation Analysis. Linear sucrose gradients of 5 to
20%were prepared in 0.1 M NaCI:0.01 M Tnis buffer, pH 7.4.
Five hundred to 1000 @gof RNA were layered on top of each
gradient, and centnifugations were carried out at 14,000 to
18,000 rpm and 4Â°in the SW 25.1 rotor of a Beckman
ultracentnifuge. In some experiments the RNA was dis
solved in 6% neutralized formaldehyda:0.001 M EDTA, pH
6.8, and incubated for 1 hr at 37Â°before being layered onto
formaldehyde-containing sucrose gradients as described by
Fenwick (9).

Gel Electrophoresis.Gelelectrophoresiswascarriedout
by a minor modification of the method of Dingman and
Peacock (5). RNA (25 to 50 @g)dissolved in buffer (0.05 M
NaCI:0.001 M sodium EDTA, pH 6.2) was placed on gals 0.6
cm in diameter and 7 to 11 cm long. The final concentra
lions were 1 .35% acrylamide and 0.1% bisacrylamida with
1% agarose. The run was prolonged from 2 to 4 hr at 4Â°.

When the run was over the gals were extruded, scanned at
260 m in a Joice and Loabl apparatus, and sliced into 1-mm
slices.

Fractionation of RNA into Species Containing and Lack
ingPoIy(A).Theassayof poly(A)+RNAmoleculeswas
based on the ability of these molecules to form stable du
plexes with poly(U) immobilized on fiberglass filters.
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Chart 1. Sedimentation pattern of labeled RNA extracted from AML blast cells incubated with [5-3H]uridine (10 pCi/mI) for 15 mm (a), 4 hr (b), and 8 hr (c).
Gradients were centrifuged at 15,000 rpm for 16 hr at 4@.S values in this and in the other charts shown are given for the purpose of indicating molecules, not
for calculating accurate molecular weight.
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Accumulation of Giant Heterogeneous RNA in AML Blast Cells

and 8 hr. About 70% of the radioactivity incorporated during
the initial 15 mm of incubation with the label sedimanted
fasten than 28 5, and mona than 35% was associated with
RNA molecules sedimenting fasten than the 45 S nibosomal
precursor RNA. These proportions did not appear markedly
changed until exposure to the Initiated unidine exceeded 4
hr. Even after 8 hr of labeling, a remarkable proportion of
total RNA radioactivity was still associated with RNA mole
cules larger than the 45 S RNA.

Evidence that the large size of the labeled molecules in
our experimentswas not due hoaggregation of smaller RNA
components was obtained in experiments of sedimentation
in denaturing solvents. Such studies indicated that even
under these conditions a large fraction of labeled laukemic
RNA was represented by molecules sadimenhing fasten than
does the 45 5 RNA.

4
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These results wane confirmed by polyacrylamida gel alec
trophoresis, which permits the simultaneous analysis of
molecules over a molecular weight mange of 10@to 108,
although evaluation of molecular weight of giant heteroge
neous RNA by gel elactrophorasis may be erroneous mainly
because of secondary structure (10). Chart 2 shows that,
after 4 hr of incubation with labeled unidina, more than 40%
radioactive RNA had an apparent molecular weight greaten
than 5 x 106.

â€œChaseâ€•Experimentswith ActinomycinD. Preliminary
experiments had shown that in leukemic blast cells the
incorporation of [5-3Hjunidine into heterogeneous giant
RNA ceases extremely slowly after the addition of excess
cold unidine; this prevents accurate determination of the
rate of metabolic breakdown by isotope dilution. Chase
experiments ware thus performed by arresting the synthesis
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Chart 2. Polyacrylamide gel electrophoresis of whole-cell RNA extracted from circulating AML blast cells incubated with [5-3H]uridine (10 @Ci/ml)for 4 hr.
Electrophoresis lasted 200 mm at 3 ma/gel. After the electrophoretic run, the gel was scanned at 260 nm and sliced into 1-mm slices. Nominal S values were
assigned on the basis of a linear relationship between the logarithm of the molecular weight of a given RNA component and the relative electrophoretic
mobility. The S values were thus calculated from the known S values of the 2 RNA components of the ribosomal subunits (18 and 28 5).
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of new RNA molecules with high levels of actinomycin D,
although this substance has bean reported to alter the
stability of RNA in some cell systems (8, 17, 24). During
chase periods of 4 to 6 hn, processing of nibosomal precur
son RNA permitted the appearance of 2 definite radioactive
peaks corresponding to 28 and 18 S rRNA. However, a
conspicuous proportion of radioactivity remained associ
ated with molecules larger than 28 5 RNA, and a sizable
fraction of the lather appeared larger than 45 S (Charts 3 and
4).

Double-Labeling Experiments with [5-3H]Uridine and
[methyl-'4C]Methionine.Becauseof thelargesizerange(20
to 100 S)of heterogeneous nRNA, superposition of this RNA
class with nibosomal precursor RNA cannot be avoided,
even though a major portion of presumptive messenger
precursor RNA sediments faster than 45 5 RNA molecules
(19). However, the opportunity to label specifically the nibo
somal precursor RNA was offered by the mathylalion of this
fraction. After incubation with methyl-labeled mathionine,
the labeled methyl was incorporated into nibosomal precur
son RNA and appeared later in 28 and 18 S RNA. II has been
shown that mehhylahion occurs exclusively in the 45 S RNA
(1 1 , 25). Experiments were thus performed by exposing the

leukamic calls to simultaneous labeling by [5-3H]unidine and
[methyl-'4C]methionine. Chart 5 shows the distribution of

18s 28s 45s

the 3H and 14Cradioactivity in the different RNA fractions
after incubation of 1, 3, and 6 hr. It became apparent that
after 1 hr of exposure only the 45 S RNA was definitely
labeled with â€œC-methyl.Definite peaks corresponding to 32
and 18 5 wane evidence after 3 hr. By the 6th hr of exposure,
3 major peaks were appal'anl at 45, 28, and 18 5.

The distribution of [5-3H]unidine was markedly different.
Only minor peaks corresponding to 28 and 18 5 were pres
ant after 6 hr of incubation. At this lime, a large proportion
of radioactivity was still associated with RNA molecules
larger than 28 S. Table 1 shows the changes in the 3H-
pynimidine:'4C-mehhyl ratio in fractions of different S value
observed in 4 of our patients by increasing the length of the
incubation. This table also shows the ratio of 3H radioactiv
ity in RNA fractions >45 5 to 14@radioactivity in 45 S RNA.
This ratio was constantly increased by prolonging the incu
bahion. Thisfinding suggests that in leukemic cells the giant
heterogeneous RNA molecules, although synthesized at a
fairly high male,are processed much more slowly than the 45
S prenibosomal RNA. Since the 3H:â€•Cratio increased also
for the 45 5 fraction, but constantly decreasedfor the 32 S
fraction, we are led ho conclude that accumulation of un
processed molecules seemingly occurs only in the fraction
>45 S.

Measurementof RNA MoleculesBoundto Poly(U)Fil
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Chart 3. Sedimentation pattern of labeled RNA from AML blast cells. Cells were labeled by exposure to [5-3H]uridine (20 pCi/mI) for 30 mm (a), followed by
a 6-hr chase with actinomycin D (b). Gradients were centrifuged at 15,000 rpm for 16 hr at 4Â°.
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Accumulation of Giant Heterogeneous RNA in AML Blast Cells

were found in fractions in the size mangeof between45 and
285.

Molecules in this size mangewere represented mainly by
intermediate and final products of prenibosomal RNA cleav
age; only a minor portion was represented by intermediate
sized heterogeneous nRNA. The proportion of labeled
poly(A)+ molecules was again greaten in fractions of the
molecular size of approximately 20 5 on smaller, pnasum
ably because these fractions included a fairly large amount
of mature cytoplasmic messengers, in addition to the
smaller nibosomal subunit RNA and the products of partial
nRNA breakdown.

In all cases, when the incubation lasted 10 to 15 mm, the
proportion of labeled poly(A)+ molecules appeared much
larger in all fractions. Values up to 45% ware observed in

ters.Accordingto the literature(4,6, 7, 16),the large
poly(A) segment of some giant heterogeneous RNA mole
cules permits separation of these molecules from those
lacking poly(A). Moreover, since nibosomal precursor RNA
lacks poly(A) segments (7), the proportion of poly(A)-con
taming molecules of different fractions also varies accord
ing to the amount of prenibosomal ANA present in each
fraction.

Chart 6 shows the distribution of the poly(A)+ molecules
in labeled RNAof AML blast calls incubated for 15 mmand 4
hr with [5-3Hjunidine. For incubation periods of 8 hr or
longer, the proportions were very close to those obtained
after 4 hr. Under the latter conditions, in the 20to 1005 size
range the highest proportions were observed in fractions
sedimenting fasten than 45 5, whereas the lowest values
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Chart 4. Polyacrylamide gel electrophoresis of whole-cell RNA extracted from AML blast cells incubated for 1 hr with [5-3H]uridine followed by a 4-hr chase
with actinomycin D. Electrophoretic conditions as described in Chart 2.
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AML blast cells were incubated for 1 and 6 hr with[5-3Hjuridineand
[methy!-C'4]methionine, and RNA was extracted and fraction

ated on sucrose gradients. For each patient, the 1st lineindicatesthe
ratio of 3H radioactivity in 3 fractions corresponding approxi

mately to 50 to 60 S to â€˜4Cradioactivity in the 45 Sfraction.3H:'4C

ratioFraction

Incubation for 1 Incubation for6Patient
(S value) hrhr1

>45 42.554.245
15.823.032
16.1512.628
14.59.218

7.73.62

>45 177.9200.345
81.2122.432
9068.728

11055.218
5028.73

>45 41.246.145
20.722.832
13.810.028
13.09.018
4.83.44

>45 91.897.545
27.734.032
75.016.628
86.618.218
15.0 14.5

U. Toralli at a!.
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Table 1
Ratio between 3Hradioactivity and â€˜@Cradioactivity in RNA

fractions of different S values.
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Chart 5. Sedimentation pattern of labeled RNA extracted from AML blast cells incubated simultaneously with (5-3H]uridine (10 @Ci/ml)and [methyl
â€˜Â°Cjmethionine(5 @.tCi/mI),according to the following schedule: a, 1 hr; b, 3 hr; c, 6 hr. Centrifugation at 15,000 rpm for 16 hr.

40% after 3 hr of incubation, decreasing only when axpo
sure to the label lasted 6 hr or more.

DISCUSSION

Time-course and chase experiments have confirmed that,
even over a period of several hr, a large proportion of the
radioactivity incorporated in RNA of AML calls remains as
sociahed with molecules sadimenhing fasten than the 28 S
nRNA. This fully confinms what had been previously me
ported (23). Moreover, the mona careful sucrose gradient
separation and gel elactrophomesis in aqueous medium give
valuable information about the metabolic characteristics of
the RNA fraction migrating in the region corresponding to
molecules with molecular weights greater than 5 x 106 (45
5). A most interesting feature of this fraction is its mamarka
bla metabolic stability. The metabolic behavior of this RNA
class in leukemic blast cells seems fairly different from that
described in many other types of mammalian calls. in fact,
in HeLa and L-calls, the largest heterogeneous RNA mole
culas disappear rapidly on a chase, showing an average life
span of some mm (2, 18). In PHA-stimulaled lymphocytes,
a short actinomycin chase also causes almost complete dis
appearance of labeled RNA molecules larger than 45 S (22).
All the above-mentioned types of cells are rapidly prolif anal
ing cells. In nonprolifenahing, slowly synthesizing calls, a
somewhat longer life-span for the heterogeneous nRNA has
been observed. In avian amythroblasls, the RNA molecules
larger than 45 5, which represent about 55% of the total
RNA of this class, show an average lifetime of 40 to 60 mm
(19). A considerably longer life-span (6 hr) is reported for
heterogeneous nRNA of these calls ranging between 45 and
28 S (19). Lass detailed data are available for the small
human lymphocytes which, not unlike avian arylhnoblasls,
synthesize almost only heterogeneous nRNA (20). However,

RNA fractions sedimenling faster than 45 S RNA. These
results indicate that in a short incubation period preferential
labeling of poly(A)-conhaining RNA molecules occurs in
AML blast cells. In some of our cases, the proportion of
labeled poly(A)+ molecules larger than 45 5 was still around
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Chart 6. Percentage of poly(A)-contain
ing molecules in sucrose gradient fractions
of labeled RNA extracted from AML blast
cells incubated with [5-3H]uridine for (a)
15 mm and (b) 4 hr. Gradients were cen
trifuged at 14,000 rpm for 15 hr. Absorb
ance and total radioactivity were deter
mined on each fraction, and the proportion
of poly(A)+ molecules was evaluated ac
cording to â€œMaterialsand Methods.â€• ii@0@ A

S

3
3

0
U

20

Fract Ion number

during an actinomycin chase of 2 hm,a major proportion
(about 70%) of these molecules larger than 28 5 remains
undegraded (20).

The metabolic stability of the giant heterogeneous ANA
molecules synthesized in AML blast cells therefore appears
at least equal to, on greater than, that of the RNA of the
same class synthesized in normal small lymphocytes. Fur
Ihenmoma, the results of our double-labeling experiments
have given clear evidence that unmethylaled giant helaro
geneous molecules >45 S are processed much more slowly
than the 45 5 nibosomal precursor molecules, so that nala
lively large amounts of fairly stable RNA of the former class
accumulate in the cell.

Accepted evidence of a precursor-product relationship
between the giant heterogeneous RNA and mRNA molecu
Ian populations includes the demonstration that both RNA
classes possess poly(A) sequences (4, 7, 16). However,
whereas 90% of cytoplasmic mRNA molecules contains
poly(A) at the 3' end, only a minor proportion of the giant
heterogeneous RNA molecules is bound to poly(A) (12). In
AML calls, as shown in the preceding section, the average
proportion of giant heterogeneous RNA molecules >45 5

carrying poly(A) is around 13%, a value close to that me
ported for the same RNA class in HeLa cells (12).

The preferential labeling of poly(A)-conlamning RNA mole
cules that occurs in short incubations may be explained
either by a differential entry of label into separate acid
soluble pools on by a fasten turnover of poly(A)+ molecules.
The lack of data on the composition of the precursor pools
in AML cells praventsdefinitive conclusion. In HeLa cells, in
which the nucleohida pools for heterogeneous nRNA and
ribosomal precursor RNA are the same (31), the former is
labeled at least 4 to 5 limes faster than the latter (14).
Support for the conclusion that the giant heterogeneous
RNA molecules carrying poly(A) turn over faster than those
lacking poly(A) comes from the observation that in some
cases the lime required to reach a constant proportion of
labeled poly(A)+ molecules is notably longer than in other
cases. These results provide an explanation for the pravi
ously reported observation that in some cases the pmopor
lion of poly(A)+ heterogeneous giant ANA molecules Ia
baled in a 3-hr period in leukemic blast cells is higher than
that of normal PHA-stimulated lymphocytes (21). In fact,
preferential labeling of poly(A)+ molecules does not occur
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in PHA-stimulahed lymphocytes; in these calls the pnopom
lion of labeled molecules bound ho poly(U)-fiberglass fillers
does not change when incubation with the labeled precur
sonis prolonged (unpublished observations).

On the whole, our results indicate that leukemic blast
cells synthesize giant heterogeneous RNA molecules that
are remarkably stable. The rate of cleavage is particularly
low for those molecules with molecular weights of more
than 5 x 106(45 5), which are processed much more slowly
than the ribosomal precursor RNA. Although both poly(A)+
and poly(A)â€”giant heterogeneous molecules are processed
at a low male,the latter representthe most stable product of
primary DNA transcription.
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