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T HE FLUORESCENT BASIC DYE ACRIDINE ORANGE (AO) predom-
inantly binds to negatively charged phosphate groups in the nucleoprotein

complexes.1 Nondividing leukocytes of peripheral blood normally have a low

number of binding sites in DNP accessible to AO but following administration

of PHA, they exhibit a pronounced increase in AO binding24 as determined

by fluorescence intensity measurements on individual AO-stained cells.5 This

altered stainability probably reflects a weakening of the bonds between the

DNA and protein in the DNP complex, which results in the unscreening of

DNA phosphate groups. Such DNP changes might be of importance for the

later synthesis of RNA.24’#{176}

Mononuclear leukocytes have been found to proliferate spontaneously in

the peripheral blood of patients with infectious mononucleosis (IM ).7h1 The

etiologic factors of this disease must therefore induce gene activation in

circulating white blood cells. The present work was undertaken to charac-

terize the DNP complex in these activated cells on the individual cell level by

means of cytophotometry. An attempt was also made to reproduce the ac-

tivated state of DNP in IM leukocytes by exposing normal leukocytes to

plasma from diseased patients.
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Table 1.-Clinical Laboratory Data on Patients with Infectious Mononucleosis

Patient Sex Age WBC x 103 Mononuclear
Cells-%

Atypical
Mononuclear

Heterophile
Antibody

of WBC Cells-% Titer
of WBC

KF M 20 7.4 67 36 1280
AA M 26 12.1 79 12 320

TB M 15 8.7 60 35 320
AL F 14 10.9 52 18 2560
RU M 16 9.0 83 42 160
RO F 17 7.3 75 13 320
BT M 24 9.2 82 16 320
JEA M 22 15.7 76 20 640

ML M 15 16.5 80 41 20

U M 17 9.9 60 15 80
BS M 26 24.5 81 70 640

EB M 46 15.5 88 37 320

CF F 15 11.5 79 37 160
CD F 17 20.3 68 25 320
YR F 15 16.7 89 47 320
LIE M 17 8.6 75 20 640
PS F 15 12.1 74 31 320

MATERIALS

The study was made on seventeen patients aged 14-46 years with infectious mononu-

cleosis ( IM ) (Table 1 ), and sixteen healthy persons aged 19-30 years. Seven of the

patients with IM were investigated during the disease as well as after recovery, six only

during the disease, and four only after recovery.

All patients had a typical clinical course with fever, lymph node enlargement, atypical
mononuclear cells in the peripheral blood and heterophile antibodies remaining after

absorption of the serum with guinea pig kidney tissue.12 Severe complications were not

found in any patient. No patient had complement fixing antibodies indicative of recent

cytomegalo or adenovirus infections. Sampling in the recovered patients was undertaken
two to six months after their temperature had normalized. Recovered patients were clinically

and hematologically normal and heterophile antibodies were not found except in case

AL (a titer of 160).

Cell Cultures

METHODS

Thirty milliliters of venous blood was mixed with 5 ml. of Ringer’s solution with

heparin in a final concentration of 35 IU/ml. Slides were made for differential counts. After

sedimentation for two hours at + 37#{176}C, the leukocyte-rich plasma was collected. The

cells were centrifuged down and resuspended in Eagle’s minimal essential medium ( MEM)

to the original volume. Plasma was then added to a final concentration of 25 per cent.

It was autologous or homologous as indicated in the text. Fresh plasma or plasma stored at

- 20#{176}C was used. Some experiments included a control culture to which phytohemag-

glutinin P ( PHA) ( Difco) had been added to a final concentration of 40 �tg./ml. The

cell suspensions were inoculated into plastic Petri dishes with B#{252}rker hemocytometer

slides on the bottom. The slide cultures were incubated at +37#{176}C in 10 per cent CO9 in

air. After one to two hours incubation, the slides were quickly washed twice in 0.9 per

cent NaC1, fixed in equal parts of ethanol and acetone for 30 minutes at room temperature

and stored in the fixative at +4#{176}C until staining.
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AO Staining and Fluorescence Mea�s’urements

After acetylation with 40 per cent acetic acid anhydride in pyridine, the preparations

were stained in 10� M AO in an Na9HPO4 citrate buffer (pH 4.1, ionic strength 0.6) as

previously described.14 The fluorescent dye acridine orange binds stoichiometrically to the

negatively charged phosphate groups in double-stranded nucleic acid in a monomer

molecular form ( emission peak = 530 nm. ) , and to single-stranded nucleic acid in an

associated molecular form ( emission peak = 590 nm. ) .4 Immediately after staining, the

fluorescence intensities were measured for individual cells in a microspectrofluorimeter5

at 530 and 590 nm. These values were then used to obtain information about the number

of binding sites in DNP accessible to A0 and the amount of single-stranded nucleic acid

in the manner described in detail elsewhere.4

Determination of Cellular Total Nucleotides and DNA

Cells were analyzed individually for nucleotide and DNA content as represented by

their total extinctions at 265 nm. (E965) and after Feulgen staining at 546 nm. (E546),

respectively. The cellular total extinctions were determined in the rapid scanning micro-

spectrophotometer.” The E26-, value of RNAase digested cells was measured to determine the

UV absorption due to DNA. This value was then subtracted from the E265 value of

nondigested cells, thus giving the value of “non-DNA-total nucleotides,” which was used

as a measure of the RNA content of the cells.’4

Autoradiography

3H-uridine was added to the growth medium one hour before fixation at a final con-

centration of 2.0 jzC/ml. After fixation the preparations were passed through decreasing

concentrations of ethanol to distilled water and were exposed to five per cent trichloroacetic

acid for five minutes at +4#{176}C.The cells were then rinsed in distilled water for 3 x 10

minutes, air dried and covered with Kodak AR1O stripping film. The autoradiographs

were exposed in a dry atmosphere at +4#{176}C for 15 days, developed, fixed and mounted.’5
Grain counts were made under oil immersion at a magnification of X 1200.

Fig. 1.-Frequency distribution of binding sites in DNP accessible to AO (left)
and Feulgen DNA amount (right) in mononuclear leukocytes of healthy person and
patient with infectious mononucleosis.
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RESULTS

DNA Analyses

Figure 1 illustrates the results of DNA analyses from AO fluorescence and

Feulgen absorption measurements on individual cells in populations of mono-

nuclear leukocytes from one patient with IM and one healthy person. The

IM cells exhibited a pronounced increase in the average number of AO bind-

ing sites, as well as a minor increase in Feulgen stainability. An increased

intercellular variation in AO binding sites and in Feulgen stainability was also

seen. The highest Feulgen DNA and AO binding values indicate the presence

of G 2 (post-DNA-synthesis ) cells. The main reason for the increase in the

mean Feulgen value was a general increase in Feulgen stainability as illus-

trated by a shift to the right of the main histogram complex (Fig. 1, right).

Similar alterations in Feulgen DNA values of G 1 cells have been reported

previously and do not represent changes in the amount of DNA, but a changed

reactivity to the Feulgen stain.’619 The G 2 cells present in this IM population

caused a real increase in the average amount of DNA, but only by four per

cent. Therefore, only a negligible part of the pronounced increase of AO

binding sites in the DNP complex of the IM cells could be due to increased

amounts of DNA. Instead, more binding sites in the DNP complex of the IM

cells must have become accessible to AO. The AO fluorescence data for all

patients are presented in Table 2. Mononuclear cells in acute cases exhibited

a pronounced increase in the number of AO binding sites compared with

normal lymphocytes (Table 3). The addition of PHA did not further increase

the AO uptake of leukocytes from IM patients. One exceptional case (KF)

Table 2.-AO binding to Nucleic Acids in Mononuclear and Polymorphonuclear
Leukocytes from Patients with Infectious Mononucleosis During Disease

and After Recovery

During Disease After Recovery _______
Patient Mononuclear Polymorphonuclear Mononuclear Polynsorphonucleai

Cells Cells Cells Cells

F530 F591) F530 F590 F530 Fsoo F530 F590

KF 2.85 0.59 2.36 0.45 3.35 0.67 3.03 0.58

AA 6.55 1.11 6.63 1.15 2.94 0.59 2.45 0.50

TB 6.06 1.18 5.48 1.06 1.99 0.45 1.13 0.28

AU 5.19 1.08 5.01 0.97 4.44 0.98

RU 5.42 1.56 4.94 1.11 1.61 0.43

RO 4.02 0.85 3.06 0.62 4.82 0.98

BT 5.53 1.37 4.87 1.11 1.50 0.38

JEA 6.43 1.57 5.70 1.12

ML 5.82 1.32 4.75 0.95

U 7.16 1.38 6.03 1.09

BS 3.66 0.72

EB 4.49 0.89 4.08 0.78

CF 9.12 2.22

GD 2.35 0.45 2.33 0.42

YR 0.74 0.22 0.80 0.20
LIE 3.05 0.51 2.93 0.47
PS 5.81 1.21 4.75 0.93
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displayed a relatively low AO binding value (Table 2 ),possibly because the

cells were collected late in the disease. In general, the AO binding values of

the IM patients were inversely related to the interval between the onset of

the disease and sampling (Fig. 2) . The DNP complex of polymorphonuclear

IM leukocytes showed a similar increase in AO binding capacity as mono-

nuclear cells (Table 2 ). After recovery, the AO binding values of both types

of cells had normalized in all except three patients (AL, RO, and PS).

RNA Analyses

Figure 3 illustrates the results of RNA analyses from AO fluorescence and

Uv absorption measurements on individual cells of the same populations as

in Fig. 1. Clearly, the average cellular amounts of AO bound in associated

form and of non-DNA nucleotides, as well as the intercellular variability, are

higher in the IM population than in the normal population (Fig. 3 and Tables 3

and 4). This indicates increased cellular contents of single-stranded nucleic

acid and was found in all the IM cases. The polymorphonuclear cells from IM

patients also exhibited increased binding of associated AO, but this was not

parallelled by any increase of non-DNA nucleotides (Tables 3 and 4). Thus,

only in mononuclear cells was the increased binding of AO in the associated

molecular form accompanied by increased amounts of non-DNA nucleotides,

indicative of increased RNA contents in these cells.

Actinornycin D treatment of IM mononuclear cells for one hour resulted in

a marked decrease in the rate of ‘H-uridine incorporation and a decrease in

the amounts of single-stranded nucleic acids as measured by the AO method

100
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#{149} Fig. 2.-Accessible AO binding

� 60- sites in DNP correlated to interval
#{149} after onset of fever in patients with

infectious mononucleosis. Filled circle
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#{149} sites accessible to AO expressed as

percentage of all binding sites.
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Fig. 3.-RNA analyses of mononuclear leukocytes of healthy person and patient
with infectious mononucleosis. Frequency distributions of amount of single-stranded

nucleic acid measured by AO fluorescence technique (left), and total cellular ex-
tinction at 265 nm. corrected for amount of DNA (right).

( Table 5) . This result also indicates that a large part of the single stranded

nucleic acids in IM mononuclear cells is RNA.

“Restimulation” Experiments

In order to study the cause of the increased AO binding to leukocytes of

IM patients, their cells were reexamined after recovery. The cells of recovered

patients were incubated with stored autologous plasma from the disease

period. This treatment induced increased AO binding to the DNP complex of

mononuclear leukocytes in the majority of cases (Fig. 4, top). A similar in-

crease of AO binding to DNP was seen when white cells of healthy persons
were incubated with plasma from IM patients (Fig. 4, middle). The ability of

IM plasmas to induce higher AO binding to leukocytes was not correlated to

the original AO binding capacity of the IM leukocytes at the time of sampling.

In some cases no increased binding was seen. Fresh plasmas from IM patients

were also used in order to exclude a possible decrease of activity by freeze-

thawing, but no difference was found between fresh and frozen plasma. The

treatment of normal mononuclear leukocytes with homologous control plasma

did not cause any augmented AO binding (Fig. 4, bottom).

DISCUSSION

In several cell types it has been found that the AO binding capacity of the

DNP complex is correlated to growth activity, e.g., a decreased AO binding

in connection with a decreased growth rate has been seen during spermio-

genesis,16 during maturation of erythrocytes2#{176} and in epithelial cells in vitro

after contact inhibition.2’ The reverse situation-i.e., an increased AO binding
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Table 3.-AO binding to Nucleic Acids in Mononuclear and Polymorphonuclear
Leukocytes from Normal Subjects (A). Patients with Infectious Mononucleosis

During Disease (B) and after Recovery (C)

F�a
Mononuclear

Fa�
Cells

D%#{176} Sf Frao
Polymorphon

Fse
uclear Cells

D%#{176} 5�

A. Normal Subjects
Mean 1.77 0.36 26 1.4 1.30 0.25 21 0.24

Number of

Cases 16 16 16 16 5 5 5 5

Standard
Deviation 0.88 0.21 9.6 2.4 0.58 0.37 7.1 0.15

Standard

Error 0.22 0.05 2.4 0.6 0.26 0.17 3.2 0.07

B. Patients During Disease

Mean 5.56 1.22 65 12.0 4.81 0.95 58 6.2

Number of

Cases 13 13 13 13 11 11 11 11

Standard

Deviations 5.16 0.43 16 8.7 1.25 0.23 12.5 3.1

Standard

Error 1.43 0.12 4.4 2.4 0.38 0.07 3.7 0.9
C. Patients After Recovery

Mean 2.96 0.63 39 4.1 2.49 0.48 34 2.1

Number of

Cases 11 11 11 11 7 7 7 7

Standard
Deviation 1.55 0.31 17 3.3 1.31 0.24 15 1.7

Standard

Error 0.47 0.09 5.1 1.0 0.50 0.09 5.6 0.6

a D% = percentage of binding sites in DNP accessible to AO.
f S = amount of single-stranded nucleic acid (1015 mole NA-P).

Table 4.-Microspectrophotometric Data on Mono- and Polymorphonuclear
Leukocytes from Healthy Person and from Patient with IM (Mean ± S.E. of

Mean; N = 20-50)

Mononucle ar Cells Polymorphonu clear Cells

Amount of Single-
Stranded Nucleic
Acid; AO method
( 10-la mole NA-F)

Amount of
Non-DNA

Nucleotides
(rn. units)

Amount of Single-
Stranded Nucleic
Acid; AO method

( l0’� mole NA-F)

Amount of
Non-DNA

Nucleotides
(rel. units)

Normal 1.4 ± 0.6 2.7 ± 0.5 0.24 ± 0.06 3.1 ± 0.3
IM 12.1 ± 1.0 8.8 ± 0.5 6.4 ± 0.5 3.2 ± 0.3

Table 5.-AO Microfluortimetric and Autoradiographic Data on IM Mononuclear

Leukocytes Treated with Actinomycin D for One Hour (Mean ±

S.E. of Mean; N 20-100)

-�--� Treatment Per cent Binding
Sites in DNP

Accessible to AO

Amount of
Single-stranded

Nucleic Acid
( 10-’#{176}mole NA-P)

Number of Grains
(‘H-Uridine)

-

Actinomycin

(10 �ug./ml.)

63 ± 1

48 ± 1

24.4 ± 1.8

13.8 ± 1.4

> 36

7
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Fig. 4.-”Stiznulation” of
mononuclear leukocytes with
plasma from patients with
infectious mononucleosis

(means of 10 measured cells

per case). Plasma stored
from disease period and
used for incubation with pa-
tient’s autologous cells after
recovery (top); fresh or
stored (-20#{176}C)mononucleosis
plasma used for incubation
with homologous cells from
recovered patients or healthy
persons (middle); as control,
normal plasma used for incu-
bation with homologous cells
from healthy persons (bot-
tom).

AUTOLOGOUS PLASMA FROM DISEASE

I II�IIliii I I I
I . I #{149}
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H 111111Hj 1,I
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PER CENT CHANGE OF AO BINDING SITES IN DNP

in growth-stimulated cells is seen after PHA treatment of human leukocytes24

and after reactivation of hen erythrocytes.17 Thus, a pronounced RNA synthesis

in proliferating cells does generally not seem to be associated with a low

number of AO binding sites in their DNP. However, there are many instances

of an increased AO binding when RNA synthesis is not increased.3’18’22 For cx-

ample, in PHA-stimulated white cell populations both the mononuclear and

polymorphonuclear leukocytes show a very similar increase in their AO bind-

ing, but only a part of the mononuclear cells markedly increase their RNA

synthesis and undergo blast transformation.2’3 This suggests that if the DNP

changes characterized by an increase of AO binding are necessary for the

initiation of RNA synthesis, additional processes must certainly operate to

direct the differentiated RNA synthesis in various cell types.

In the present study, leukocytes from patients with IM exhibited a much

larger binding capacity of AO to the DNP complex than leukocytes from

healthy persons. The AO binding of IM leukocytes was of the same order of

magnitude as in PHA-stimulated normal cells. No further AO binding to

IN’I cells could be obtained by PHA treatment. The high AO binding was

mainly due to an increased number of binding sites in DNP accessible to AO,

and only to a small extent due to increased amounts of cellular DNA. Leuko-

cytes from patients with other infectious diseases also showed an increased

AO binding to DNP as �vell as higher amounts of AO bound in associated

form, although no cell proliferation was observed.3 Moreover, recent findings

show that crowding of hen erythrocytes’8’22 mammalian lymphocytes22’�1 and

other cells22 on glass, induces increased AO binding. Further work is at present

undertaken to investigate tile adhesiveness of IM cells to glass and its im-

portance for the AO binding. The high AO binding found in IM leukocytes

may thus be explained by the infection as such-most probably a viral in-

fection24-and the proliferation of some mononuclear cells might be a separate

effect initiated by the infectious agent in this particular disease.

The nature of the increased AO stainability is not yet fully understood. It
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is most likely due to structural changes in the DNP, involving weakened

bindings between DNA and protein. This is further supported by the de-

creased thermal stability4’17.18’25 and the stretching of the DNP complex4 found

in growth-stimulated cells with a high AO binding capacity. Changes in the

DNP complex have also been shown to influence the Feulgen stainability to

a small degree.’61#{176} A 10 per cent increase of the Feulgen DNA value has been

recorded in PHA-stimulated lymphocytes before the initiation of DNA syn-

thesis#{176}as �vell as in mononuclear leukocytes from patients with IM.26 This

changed Feulgen reactivity (the Feulgen artifact ) is confirmed in the present

work and provides further support for the concept of a DNP change.

Mononuclear leukocytes in IM exhibited a pronounced increase in the

amount of AO bound in associated molecular form. This must, to a large cx-

tent, be due to RNA since the same cells contained large amounts of non-DNA

nucleotides as measured by the UV method. The rapid fall in the content of

single-stranded nucleic acids observed after actinomycin D treatment indicates

that a large part of the IM RNA is rapidly degraded, some of which may be

messenger RNA.27 The polymorphonuclear cells in IM patients also bound

higher amounts of associated dye than polymorphonuclear cells of normal

persons, but this increase was not associated with any increase in non-DNA

nucleotides. The nature of this AO binding is not clear, but it may reflect a

partial strand separation of the DNA molecules before or during the staining

procedure,4 or changes in the properties of ribonucleoprotein complexes in

the cell.

Some experimental evidence was obtained for the presence of an extrinsic

“stimulating” plasma factor in IM. Autologous or homologous plasma from

patients with IM had a tendency to increase the AO uptake of mononuclear

cells from healthy or recovered patients. This is particularly interesting in

view of the previous findings of a factor in sera from patients with IM which

stimulates bone marrow cells to divide and form colonies.28

SUMMARY

Quantitative microfluorimetric measurements on individual acridine orange

(AO) stained cells showed that leukocytes from patients with infectious mo-

nonucleosis (IM) exhibited considerably greater AO binding to deoxyribonu-

cleoprotein (DNP) than leukocytes from healthy persons. The higher binding

of AO could not be explained by an increase in the amount of DNP in IM

cells but by an increased number of binding sites in DNP accessible to AO.

This was the result of structural changes in the DNP complex of the IM cells,

possibly due to weakened bonds between the DNA and protein moieties of

DNP. Tile binding of AO to IM leukocytes was highest in the early phase of

the disease and usually normalized after recovery. However, an increased AO

binding of leukocytes from patients after recovery was frequently observed

when these cells were exposed to plasma from patients in the acute phase

of IM.
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