
ant. They are representative of 11 out of 
15 isolates thus far obtained. The other 
four isolates showed barophilic growth 
characteristics in a pressure range of 300 
to 500 atm. 

The barophilic isolates described earli- 
er (4,13) were obtained from decompos- 
ing deepsea amphipods and from inver- 
tebrate intestines, that is, from nutrient- 
rich niches. While we have also recently 
been able to isolate baro- and psychro- 
philic strains from these niches as well as 
from decompressed deep-sea water, 
most organisms in these samples ap- 
peared to be of the same type as those 
thus far obtained with the isolation 
chamber, namely, psychrophilic and 
highly barotolerant . 

An explanation for the distribution of 
more or less temperature- and pressure- 
adapted bacteria in the deep sea might be 
found in accumulating data on the con- 
siderable particle flux from surface wa- 
ters to the deep sea and observations of 
bacterial attachments to these particles, 
such as organic detritus and fecal pellets 
(14). Most of the deep-sea bacteria in the 
sediments and water column may thus 
represent relatively recent arrivals. 
Their metabolic rates are affected by the 
decreasing temperature and increasing 
pressure but, as comparative data from 
undecompressed and decompressed nat- 
ural deep-sea populations show (11), at 
least some bacteria recover immediately 
and exhibit maximum activity at 1 atm. 
While these surface-originated bacteria 
are favored by decompression, some 
barophilic organisms may be irreversibly 
affected by a decrease of pressure as 
many psychrophilic bacteria are affected 
by an increase of temperature. This ap- 
proach of sampling and isolating micro- 
organisms in the absence of decompres- 
sion may provide answers to questions 
concerning the viability of decompres- 
sion-sensitive deep-sea bacteria and will 
furnish undecompressed pure cultures 
for studies of pressure effects on the 
physiological and molecular level. 

HOLGER W. JANNASCH 
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CRAIG D. TAYLOR 
Biology Department, 
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Lyme Disease-A Tick-Borne Spirochetosis? 

Abstract. A treponema-like spirochete was detected in and isolated from adult 
Ixodes dammini, the incriminated tick vector of Lyme disease. Causally related to 
the spirochetes may be long-lasting cutaneous lesions that appeared on New 
Zealand White rabbits 10 to 12 weeks after infected ticks fed on them. Samples of 
serum from patients with Lyme disease were shown by indirect immunoJluorescence 
to contain antibodies to this agent. It is suggested that the newly discovered 
spirochete is involved in the etiology of Lyme disease. 

Lyme disease is an epidemic inflam- 
matory disorder that usually begins with 
a skin lesion called erythema chronicum 
migrans (ECM). Weeks to months later 
the lesion may be followed by neurologic 
or cardiac abnormalities, migratory poly- 
arthritis, intermittent attacks of oligoar- 
ticular arthritis, or chronic arthritis in the 
knees (1). 

Although in the United States cases of 
ECM were first reported from Wisconsin 
(2) and southeastern Connecticut (3), 
Lyme disease as a new form of inflam- 
matory arthritis was first recognized in 
1975 in Lyme, Connecticut (4). It has 
since been reported from other north- 
eastern, midwestern, and western states 
(5). 

Epidemiologic evidence suggests that 
Lyme disease is caused by an infectious 
agent transmitted by ticks of the genus 
Ixodes. In the Northeast and Midwest 
Ixodes dammini and, in the West, I. 
pacificus have been incriminated as po- 
tential vectors (6, 7). Until recently, all 

Fig. 1 .  Ixodes dam- 
mini spirochetes in 
midgut tissues of its 
tick vector. (A) Giem- 
sa staining ( X  1200). 
(B) Serum of patient 
J.G. examined by in- 
direct immunofluo- 
rescence (x 570). = .  

attempts to isolate the causative agent 
either from ticks or from patients were 
unsuccessful. 

Recently we isolated from I. dammini 
a spirochete that binds immunoglobulins 
of patients convalescing from Lyme dis- 
ease. We also recorded the development 
of lesions resembling ECM in New Zea- 
land White rabbits on which ticks har- 
boring this spirochete had fed. 

Adult I. dammini were collected in 
late September and early October 1981 
by flagging lower vegetation on Shelter 
Island, New York-a known endemic 
focus of Lyme disease (8). Of 126 such 
ticks that were dissected, 77 (61 percent; 
65 males and 12 females) contained spi- 
rochetes. The spirochetes were distribut- 
ed mainly in the midgut but were occa- 
sionally also seen in the hindgut and 
rectal ampule. No other tissues, includ- 
ing the salivary glands, contained spiro- 
chetes. The organisms stained moderate- 
ly well with Giemsa (Fig. 1); in wet 
preparations examined by dark-field mi- 
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Table 1 .  Serologic evaluation (indirect immunofluorescence) of serum from persons with Lyme 
disease. 

Pa- Disease Serum Serum dilution 
tient* contracted collected end point 

B.B. May 1978 September 1978 1:1280 
B.Br. July 1980 July 1980 1:240 
E.D. July 1980 July 1980 1:80 
C.G. June 1979 March 1980 1:640 
J.G. June 1979 March 1980 1:1280 
L.H. June 1980 September 1980 1 :640 
J S .  July 1979 January 1982 1 :640 
A.S. July 1977 March 1980 1:80 
C.T. June 1979 March 1980 1:320 
Controls: Four samples from New York and ten from Montana 5 1:20 

*Diagnosed by E.G. except for J.S., whose serum was submitted to the New York State Health Department. 
All patients contracted the disease while visiting Shelter Island. New York. 

croscopy they moved sluggishly and ro- 
tated slowly. The degree of infection 
varied; some ticks contained only a few 
spirochetes, others contained large num- 
bers often to the extent that clumps of 
spirochetes were present throughout the 
midgut. 

Electron microscopy (9) of midgut di- 
verticula revealed spirochetes closely as- 
sociated with the microvillar brush 
border of the gut epithelium (Fig. 2). 
Fine structural features of the organism 
were similar to those reported for Trepo- 
nema species (10). Irregularly coiled, the 
spirochetes range from 10 to 30 pm in 
length and from 0.18 to 0.25 pm in diam- 

eter. The ends appear tapered with four 
to eight filaments inserted subterminally 
at each end. Insertion points of the fila- 
ments are in a row paralleling the cell's 
long axis. Cross sections of the cells 
show six to eight filaments interspersed 
between the outer membrane and the 
cytoplasmic membrane in the asymmet- 
ric region of the section profile (Fig. 2). 

The I. dammini spirochete was isolat- 
ed by inoculating 0.1 ml of a suspension 
prepared from midgut tissues of four 
infected ticks into 8.5 ml of modified 
Kelly's medium (11). After 5 days of 
incubation at 35"C, all the culture tubes 
contained spirochetes that could be regu- 

Fig. 2. Electron mi- 
crograph of I .  dam- 
mini spirochetes (SP) 
associated with mi- 
crovillar brush border 
(MV) of the tick's 
midgut (~55,440). In- 
set shows cross sec- 
tion of spirochetes 
(X 122,100). 

larly subcultured and maintained at 
35°C. 

When about 300 I. dammini were al- 
lowed to feed on eight New Zealand 
White rabbits (12), they appeared to have 
no immediately adverse effects. Blood 
smears examined daily for 14 days after 
placement of the ticks were negative for 
spirochetes. However, 10 to 12 weeks 
after the ticks had engorged, up to 15 
small (2 to 3 mm in diameter) macules 
and papules appeared in the skin of the 
back and lateral trunk of each rabbit. 
Within 3 to 5 days, these lesions had 
enlarged (up to 5 cm in diameter) to 
slightly elevated annular or oval lesions 
with bright red to reddish-violet margins. 
Similar lesions on the abdomen, the site 
of tick attachment, were recorded on 
only one of the eight rabbits. All lesions 
persisted for at least 8 weeks. 

Sections of biopsy specimens were 
stained with hematoxylin and eosin. 
These sections showed that the skin le- 
sions consisted of a thickened, slightly 
hyperkeratotic epidermis with the der- 
mis showing dense mononuclear cell in- 
filtration and edema of the superficial 
layer. Limited attempts to isolate spiro- 
chetes from suspensions of biopsied skin 
lesions in Kelly's medium were negative. 

Even though microscopic examination 
of repleted I. dammini showed that at 
least two ticks harboring spirochetes had 
fed on each rabbit, we are not certain 
whether the described skin reaction on 
the rabbits is causally related to the 
spirochetes or is due to other factors 
associated with the ticks' feeding pro- 
cess. 

When tested by an indirect immuno- 
fluorescence method (13), antibodies to 
the spirochetes in titers of B 1: 1280 
were present in the serum of all rabbits 
on which ticks had fed 30 and 60 days 
earlier. The serum of rabbits that had not 
been exposed to ticks did not react at 
dilutions of > 1 : 20. 

That the I. dammini spirochete is anti- 
genically related to the etiologic agent of 
Lyme disease was suggested by the posi- 
tive reactions we obtained when we ex- 
amined serum samples from nine pa- 
tients with clinically diagnosed Lyme 
disease by means of indirect immunoflu- 
orescence (Fig. 1) (14). Antibody titers 
ranging from 1 : 80 to 1 : 1280 were record- 
ed for persons who had Lyme disease 
currently or as many as 32 months previ- 
ously (Table 1). In contrast, serum sam- 
ples from four people from New York 
and ten from Montana with no history of 
the disease did not react with the spiro- 
chete in titers higher than 1 : 20. 
Our observations suggest that the 
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treponema-like organism isolated from I. 
dammini may be involved in the etiology 
of Lyme disease. It is interesting that 
organisms presenting the morphological 
characteristics of spirochetes were said 
to be associated with ECM in Europe as 
early as 1948 (15). Although this was 
never confirmed, a recent study (16) 
showing that resolution of lesions and 
concurrent symptoms occurs faster in 
patients treated with penicillin suggests a 
penicillin-susceptible bacterium as an 
etiologic agent of Lyme disease. 

Our results establish the susceptibility 
of the domestic rabbit to the I. dammini 
spirochete and demonstrate the possible 
value of the indirect immunofluores- 
cence test as a diagnostic tool for Lyme 
disease. They also suggest the need for 
additional investigations not only into 
the epidemiology and ecology of Lyme 
disease and related disorders, such as 
ECM of Europe (1 7), but also into the 
relations between the spirochete and its 
vector I ,  dammini. 
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Lack of Correlation Between Hepatic Mitochondria1 
Membrane Structure and Functions in Ethanol-Fed Rats 

Abstract. A current hypothesis suggests that alterations in the chemical composi- 
tion and the subsequent changes in the structure of the membrane could account for 
the functional derangements observed in the hepatic mitochondria of animals fed 
ethanol for extendedperiods. An examination of this hypothesis reveals that the liver 
mitochondria of ethanol-fed rats show a dissociation between the respiratory 
functions and the lipid composition and microviscosity of the membranes. 

One of the most characteristic features 
of alcoholic liver disease is the striking 
alteration in mitochondrial morphology 
and function. This condition has now 
been reproduced in an animal model (I). 
Hepatic mitochondrial preparations from 
ethanol-fed rats, which develop a fatty 
liver, and ethanol-fed baboons, which 
develop cirrhosis, exhibit a decreased 
ability to oxidize substrates and to form 
high-energy phosphate metabolites ( I ,  
2). The mechanisms underlying these 
changes are still being debated. Recently 
it was proposed that these functional 
changes may be directly related to alter- 
ations in the structural properties of cel- 
lular membranes produced as a conse- 
quence of prolonged ethanol consump- 
tion (3). Since the functions of the mem- 
brane are governed in part by their 
physical state, the hypothesis has been 
formulated that a correlation exists be- 
tween changes in the structural proper- 
ties of the membrane phospholipids and 
the functional alterations observed after 
long-term ethanol intake (3). However, 
our data indicate that such a simple 
correlation does not explain these func- 
tional changes. Hepatic mitochondrial 
preparations from ethanol-fed rats dis- 
played severe functional impairment, yet 
the fluidity and lipid composition of the 
mitochondrial membranes were remark- 
ably similar to those of mitochondrial 
membranes from pair-fed control ani- 

mals. Conversely, mitochondria from 
the pair-fed control group and Purina 
Chow-fed animals were functionally 
similar, in spite of the differences in the 
lipid composition and fluid state of their 
membranes. 

In this study we measured the fatty 
acid composition of the phospholipids 
and the microviscosity of mitochondrial 
membranes and the membrane-depen- 
dent functions of liver mitochondria 
from ethanol-fed rats and their respec- 
tive pair-fed controls and then compared 
these findings to similar data obtained 
from Chow-fed rats. For that purpose, 16 
male Sprague-Dawley rats (weighing 125 
to 150 g each) were pair-fed a liquid diet 
containing 36 percent of its energy as 
ethanol, or alternatively in the control, 
as carbohydrates. The constituents of 
this diet have been described in (4). After 
3 to 5 weeks on this diet, the animals 
were treated in the following manner. At 
9:00 a.m. on the day before the experi- 
ments they were given one-third of their 
daily ration, and all food, except water, 
was removed at 4:00 p.m. The animals 
were killed on the next day between 9:00 
and 10:OO a.m. At the same time, ten 
male Sprague-Dawley rats, maintained 
on Purina Chow (the Chow-fed controls) 
were fasted for a similar period of time 
before being killed. Standard procedures 
(5) were used to prepare the liver mito- 
chondria, to analyze the fatty acid com- 
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