
nuclear envelope, whereas those at the 
distal pole (including vesicle mem- 
branes) are similar to plasma mem- 
brane (Figs. 6 and 7). The intercalary 
cisternae (midregion) are morphologi- 
cally intermediate; each successive cis- 
terna, progressing toward the distal 
pole, is more like plasma membrane 
(that is, denser, thicker, and showing the 
dark-light-dark pattern more clearly). 
These observations have been con- 
firmed by microdensitometric tracings 
across images of dictyosomes. Certain 
cytochemical stains also reveal progres- 
sive changes in membrane images 
across dictyosomes (8). Insofar as these 
differences are seen in juxtaposed mem- 
branes within single electron micro- 
graphs, they reflect inherent differences 
in the membranes. However, the type 
of image depends on the manner in 
which the specimen is fixed and stained. 
If, for example, uranyl acetate is used 
as a stain immediately after fixation, 
all dictyosome membranes appear simi- 
lar. 

The phenomenon illustrated here 
probably is not unique to P. ultimum 
and may be of general occurrence. Un- 
der appropriate conditions of dictyo- 
some functioning, and with proper 
staining, similar membrane differentia- 
tion should be demonstrable in other 
biological systems [see, for example, 
suggestions of this phenomenon in fig- 
ures in (9) and discussion in (6)]. 

The occurrence of dissimilar mem- 
branes in dictyosomes is significant for 
the concept of Golgi apparatus func- 
tioning. A major function of the Golgi 
apparatus is to elaborate secretory vesi- 
cles whose limiting membranes can 
fuse with plasma membrane (6). This 
property of vesicle membranes facili- 
tates the discharge of secretory products 
from the protoplast and provides a po- 
tential source of new plasma membrane. 
Functional polarity within the Golgi 
apparatus is evidenced by progressive 
changes in cisternal and vesicle con- 
tents across dictyosomes (6, 10). These 
observations led to the concept of a 
forming (proximal) face and a secret- 
ing (distal) face, in which the dictyo- 
some was visualized as being in a dy- 
namic steady state (6). Accordingly, as 
proximal cisternae were formed, pre- 
sumably from membrane material de- 
rived 'from endoplasmic reticulum (the 
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comitant loss of the distal cisterna- 
each cisterna being progressively dis- 
placed from the forming face through 
continued production of new cisternae. 
Membrane differentiation of the type 
reported here (from endoplasmic reticu- 
lum-like to plasma membrane-like) is 
implicit in this concept of Golgi appa- 
ratus functioning. 

Morphological dissimilarity of var- 
ious cytomembranes has led to the 
view that common origin of membranes 
is unlikely and that membranes of one 
morphological type will not likely be 
derived from those of another type 
(2). Memibrane systems are dynamic, 
however, and certain membranes in the 
living cell may 'be interconvertible or 
subject to a variety of transformations 
(1, 11). Our results not only confirm 
that morphologically distinct membrane 
types occur, but demonstrate that in one 
cell component intermediate forms also 
exist. If these morphological differences 
arise from an interconversion of mem- 
brane types, then the dictyosomes 
function as sites of membrane trans- 
formation. 
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Henle et al. (1) and Neiderman et 
al. (2) have reported that herpes-like 
virus (EBV) associated with a cell line 
derived from a Burkitt lymphoma (EB) 
may be the etiologic agent of infectious 
mononucleosis. By indirect immunoflu- 
orescence tests, these investigators dem- 
onstrated the appearance of antibodies 
to EBV in serums of patients with in- 
fectious mononucleosis. 

Complement-fixing antibodies to a 
herpes-like virus (HLV) derived from 
another Burkitt tumor-cell line (P3J) 
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are widespread among apparently 
healthy children and adults and among 
subhuman primates (3). The relation 
of these antibodies to disease remained 
to be determined. We now report evi- 
dence on the appearance and persistence 
of complement-fixing antibodies to 
HLV in 21 patients with confirmed 
diagnosis of infectious mononucleosis. 

Serial serum specimens were avail- 
able from cases of prospective studies 
of infectious mononucleosis conducted 
among students at Yale University 
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Infectious Mononucleosis: Complement-Fixing Antibodies 
to Herpes-Like Virus Associated with Burkitt Lymphoma 

Abstract. Complement-fixing antibodies to a herpes-like virus derived from a 
Burkitt tumor-cell line developed in each of 21 patients with infectious mononu- 
cleosis. These antibodies were absent in all serums before the patients became ill, 
appeared during the early phases of illness, and persisted for long periods of time. 
These antibodies are distinct from heterophile antibodies. None of the patients 
developed immune responses to herpes simplex, cytomegalo-, or reoviruses in the 
course of their illness. The data suggest that the development of complement-fixing 
antibodies to this herpes-like virus in these patients may be linked to infectious 
mononucleosis. 
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(cases 1 to 9) and at the University of 
Chicago (cases A to L) in Tables 1 and 
2. The clinical diagnosis was confirmed 
by the presence of atypical lymphocytes 
in the blood and by positive heterophile- 
antibody tests. In the case of the pa- 
tients at Yale, heterophile-antibody tests 
(after the serums were absorbed with 
guinea pig kidney) and fluorescent- 
antibody titers to EBV were performed 
on specimens of serums obtained before 
the onset and during the acute and con- 
valescent phases of illness (4). All 
serums were inactivated at 56?C for 30 
minutes before use in a quantitative 

microcomplement-fixation test (3). We 
used a partially purified HLV antigen 
derived from the P3J Burkitt tumor-cell 
line, and similarly prepared material de- 
rived from a virus-free Burkitt tumor 
(Raji) served as control. 

None of the serums reacted with the 
control antigen. Results of complement 
fixation are expressed as the reciprocal 
of the serum dilution at which 50 per- 
cent of complement was fixed. A titer of 
<30 is considered negative for the pur- 
pose of this study. 

We also attempted to use the micro- 
titer technique for complement fixation 

Table 1. Complement-fixing (CF) antibodies to herpes-like virus in the serums of patients with 
infectious mononucleosis. 

CF antibody responses 
Before During acute and convalescent stages Patient os Patient onset Sample 1 Sample 2 Sample 3 

Titer Day Titer Day Titer Day Titer Day 

A < 30 5 405 145 
B < 30 11 370 29 > 810 155 
C < 30 36 450 25 270 74 
D < 30 2 224 52 392 136 
E < 30 30 187 11 104 265 
F < 30 33 405 44 380 85 
G < 30 38 < 30 14 252 18 135 136 
H < 30 19 > 810 31 
1 < 30 16 60 19 270 64 
J < 30 35 > 810 18 810 90 
K < 30 25 
L < 30 4 425 23 30 42 150 45 

(5), but with the available antigen the 
antibody titers were approximately 10 
to 15 times lower compared with the 
more sensitive, quantitative method. 

The results obtained with serums of 
12 patients at the University of Chicago 
are summarized in Table 1. None of the 
serums collected between 2 and 38 days 
before the onset of illness contained 

complement-fixing antibodies to HLV. 
These antibodies appeared generally 
within 2 to 3 weeks after onset of dis- 
ease; their titer decreased during con- 
valescence in some cases, remained al- 
most constant in others, and showed a 
definite increase in three cases (B, D, 
1). The immune response in these last 
three patients may be a reflection of 
continuous antigenic stimulation due to 
current infection. 

The relationship among heterophile, 
fluorescent, and complement-fixing anti- 
bodies in infectious mononucleosis was 
studied in the nine patients at Yale 
University (Table 2). No antibodies 
were detected in serums obtained before 
the onset of illness by any of the three 
tests. In general, all three types of anti- 
bodies appeared early after onset and 
reached a peak within 2 to 6 weeks. 

The complement-fixing antibodies 
persisted in all patients throughout the 
entire period of observation. That these 

Table 2. Antibodies in serums from patients with infectious mononucleosis. HT, heterophile antibody; FA, fluorescent antibody; CF, comple- 
ment-fixing antibody. 

Before During acute and convalescent stages 
Patient Test onset Sample 1 Sample 2 Sample 3 Sample 4 

Titer Day Titer Day Titer Day Titer Day Titer Day 

1 HT < 10 24 640 52 < 10 94 
FA < 10 10-20 10-20 
CF < 30 90 90 

2 HT< 10 144 < 10 9 < 10 36 
FA < 10 40-80 40 
CF < 30 330 193 

3 HT < 10 477 < 10 10 
FA < 10 80-160 
CF < 30 70 

4 HT < 10 480 160 23 80 47 40 68 
FA < 10 160-320 80-160 160 
CF < 30 376 1200 820 

5 HT < 10 30 640 6 640 32 640 54 80 172 
FA < 10 160-320 160 160 80 
CF < 30 480 470 120 108 

6 HT < 10 131 160 14 80 33 40 47 20 77 
FA <10 160 160 160 160 
CF < 30 820 1200 900 550 

7 HT < 10 141 40 9 640 19 160 35 < 10 125 
FA < 10 40 320 160 160 
CF < 30 < 30 122 137 335 

8 HT 40 12 640 29 < 10 1060 
FA 10 160 40 
CF < 30 90 53 

9 HT < 10 231 640 9 160 27 < 10 320 
FA < 10 80 160 40 
CF < 30 30 360 80 
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antibodies persist for many years is 
demonstrated by their presence in se- 
rums of two patients who had infectious 
mononucleosis 12 and 37 years ago, 
respectively. Furthermore, we have ob- 
served that these complement-fixing 
antibodies persisted at constant levels in 
26 normal adults whose paired serums 
were collected 10 years apart (6). Pa- 
tients 2 and 3 failed to develop hetero- 
phile antibodies, 36 and 10 days after 
onset, but showed significant amounts 
of fluorescent and complement-fixing 
antibodies. Heterophile-antibody tests 
remained negative in serums obtained 
from these patients at 69 and 43 days, 
respectively (7). 

Complete removal of heterophile 
antibodies by absorption of serums with 
washed red blood cells from sheep had 
no effect on the complement-fixing anti- 
body titers, and, conversely, antiserum 
to sheep red blood cells prepared in 
rabbits failed to react with HLV antigen. 

We also sought to determine whether 
antibodies to other common viral in- 
fections are stimulated in the course of 
infectious mononucleosis. Accordingly, 
serums obtained before and after illness 
were tested for complement-fixing anti- 
bodies to herpes simplex and cytomeg- 
aloviruses and for hemagglutination- 
inhibiting antibodies to reoviruses types 
1, 2, and 3. There was no evidence of 
any immunological response to these 
antigens in any of the patients studied. 

Our results and the findings of others 
(1, 2) provide good evidence for a 
possible relation between HLV and in- 
fectious mononucleosis. However, addi- 
tional evidence is required to ascribe an 
etiologic role to this virus. 

PAUL GERBER 
Division of Biologics Standards, 
National Institutes of Health, 
Bethesda, Maryland 20014 

DOROTHY HAMRE, RICHARD A. MoY 

School of Medicine, University of 
Chicago, Chicago, Illinois 60637 

EDITH N. ROSENBLUM 

Division of Biologics Standards 
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Silicification of Betula Woody Tissue in vitro 

Abstract. Pieces of Betula twigs were placed in solutions of sodium metasili- 
cate (5,000 to 10,000 parts per million) and allowed to remain for 12 to 24 hours, 
after which they were washed and wet-ashed with chromic acid. Opaline silica 
was deposited on inner surfaces of cell walls so that silica replicas of the various 
types of cell lumens were produced. Entire twigs were not replicated intact, but 
macroscopic replicas of cell aggregates were common. Carbon replicas of the 
silica replicas provide an unusual view of cellular spaces in woody tissue. The 
pits were viewed as projections from cells rather than holes in cell walls. This 
technique offers a new way of examining woody tissue and a method for deliberate 
petrification in a relatively short period of time under laboratory conditions. 
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Plant parts, especially twigs, which 
fall into waters of high silica content 
(750 parts per million) allegedly become 
impregnated with opaline silica so that 
a siliceous replica of the twig remains 
after ashing; similar silicification of 
plant tissue occurs after several years of 
immersion in jars of such water (1). 
Grasses deposit opaline phytoliths as a 
regular growth function (2). Spongillid 
sponges deposit opaline silica in the 
form of characteristic spicules. Orga- 
nisms from both groups quickly de- 
posit opaline silica on polysaccharide 
substrates (3). Furthermore, petrified 
wood is formed by the deposition of 
opaline silica on polysaccharide surfaces. 
Unaware of any prior concerted effort 
to silicify or petrify plant tissues, I at- 
tempted the laboratory silification of 
twigs. Fresh (living when collected, 
immediately prior to treatment) Betula 
papyrifera twigs were placed in 100- 
ml polyethylene beakers containing 
sodium metasilicate solutions (5,000 to 
10,000 parts per million) and allowed to 
remain for 12 to 24 hours at room tem- 
perature (15? to 20?C). They are then 
washed several times with distilled water 
and wet-ashed 48 to 72 hours with 
chromic acid (Chromerge) to remove 
all organic material (2). Complete re- 
moval of organic material is verified 
by examination with polarization micro- 
scopy and in empty carbon replicas 
(3). Entire twigs do not remain intact, 
but separate into many pieces, from 
parts of single cells to aggregates 
as large as 10 to 12 mm (3). The 
silica seems to have replicated the 
cell lumens. The replicas were generally 
very fragile: multicellular arrays are 
easily broken with microprobes or sonic 
vibration. The silicate solution appar- 
ently moves freely through the wood, 
and silica is deposited on the inner sur- 
faces of the cell wall to form replicas 
or casts. Because the respective cellular 
spaces are variously interconnected by 
the intercellular pits, many of these 
replicas remain attached to each other 
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(Figs. 1-3). 

If silica deposits on the inner sur- 
faces of the cell walls and then these 
cell walls are completely removed by 
wet-ashing, the length of the replicated 
pit projections on xylem parenchyma 
cells indicates the thickness of the pri- 
mary and secondary wall material which 
originally surrounded them (Fig. 1). Pit 
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Fig. 1. Electron micrograph of a carbon 
replica of a silica replica of a Betula 
xylem parenchyma cell. Projections from 
the replica surface represent simple pits 
(X 2700). Fig. 2. This replica demon- 
strates paired simple pits between a ray 
parenchyma cell and a tracheid (X 1700). 
Fig. 3. In this carbon replica of the cellu- 
lar space, the large round structures are 
probably replicas of bordered pits (X 
2500). 
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