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THE COMPOSITION, MORPHOLOGY AND ACTION UPON CHALCOPYRITE 
OF AUTOTROPHS RECOVERED FROM FUMAROLES 

Ralph W. G. Wyckoff and Franklin D. Davidson 

Department of Physics, University of Arizona 

Tucson, Arizona, USA 

Abstract: Studies have been made of the composition, morphology and ability 

to metabolize sulfides of certain autotrophic microorganisms collected from 

the neighborhood of fumaroles. Some are thermophilic and resemble the 

Sulfolobus described in the United States by Brock and the Brierleys. Others, 

living at lower temperatures, resemble but are in certain respects different 

from thiobacteria. They have been more effective than sulfur bacteria in 

attacking chalcopyrite and their reaction with this mineral is described. 

Attention is given to their pleomorphism and to their possibly primitive 

nature. Differences noted between strains from different localities 

emphasize the desirability of obtaining and testing samples from many 

sources, 

Our work dealing with autotrophic microorganisms has had two objectives, 

one strictly practical, the other of a more fundamental nature. Practically, 

we have been seeking organisms that would be more effective than our native 

sulfur bacteria in their attack on chalcopyrite. In the course of this 

search we have encountered chalcopyrite-dissolving thermophiles whose charac- 

teristics give them a fundamental interest as possible survivors of early 

forms of life. 

The state of Arizona produces more copper than any other of the United 

States but its initially rich deposits are exhausted and we now mine low 

grade ores whose dominant mineral is chalcopyrite. In the surface mining 

of these ores vast rock dumps are built up whose total content of the 

mineral is very great but in concentrations too small to justify milling. 

Sulfur bacteria native to the region dissolve enough of this copper to 

render viable operations which otherwise would be unprofitable. 

In our first laboratory tests many years ago we found that the sulfur 

bacteria isolated from dumps of the Duval mines south of Tucson would
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decompose no more than 40% of a chalcopyrite concentrate from these 

mines [1]. In 1964 Duncan and Trussell [2] described the complete digestion 
of mineral obtained from Japan and we confirmed this on specimens from the 

Akita district of that country. In seeking to account for the poor inter- 
action between our local bacteria and mineral, many strains of organisms were 

obtained, from the American Type Culture Collection, from mines in the United 
States and Canada, from South America and the Philippines; none of these, 
however, dissolved more of our local chalcopyrite than did the native organ- 

isms. We also found only limited digestion by our organisms of most other 
chalcopyrites from North America, Africa and Asia. Detailed chemical and 

x-ray analyses of our mineral and of the more digestible specimens failed to 
find details of crystalline structure or composition, or the presence of 

toxic chemical elements that would explain the limited solubilization of the 

Duval and other resistant chalcopyrites. 

We accordingly looked about for other types of organism that might be 
more effective. Being for other reasons interested in microorganisms living 
in the environs of sulfur-rich fumaroles and mudpots, we obtained samples and 

cultivated autotrophic microorganisms from such localities in the United 
States and New Zealand. These have been of two sorts: (a) thermophiles of 

the nature of the Sulfolobus described by Brock et al. [3] and by the 

Brierleys [4] from our Yellowstone National Park and (b) bacillary forms 

that perhaps should be classified among the thiobacteria though they show 

recognizable differences from the usual strains. These have been obtained 

when certain isolates have been put at a lower temperature, or when isola- 

tion is made directly at room temperature. 

All these organisms grow in saline media [5] using ferrous ions or ele- 

mental sulfur as source of energy; we found that for several strains chalco- 

pyrite also can supply this energy. The optimum temperature for the thermo- 

philes is ca 75°C though they do well at 60°C, A rich culture is obtained 

after two or three days' incubation in the presence of Fe-*; growth is some- 

what less rapid with elemental sulfur and is very slow on chalcopyrite. All 

our isolates have been propagated in exclusively inorganic media though, as 

Brock pointed out for his Sulfolobus, a small amount of yeast extract (0.01%) 

as source of vitamins facilitates both isolation and subsequent cultivation. 

The practically important result of this work has been the observation 

that at both low and high temperatures several strains of these autotrophs 

have slowly but completely decomposed chalcopyrites that have resisted sulfur 

bacteria. Digestion at room temperature renders all the copper soluble as 

sulfate but solubility may be somewhat less complete under the action of the 

thermophiles. X-ray diffraction analyses show that though solid residues in 

chalcopyrite cultures after digestion at all temperatures consist largely of
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ammonium jarosite CNH, Fe, (OH), (SO J, there is produced at both 60° and ) 
75°C a small amount of a Bkecarce os is probably another member of the 

jarosite family. Elemental sulfur is sometimes formed and a little covel- 

lite (CuS) develops at 75°C, In spite of this fact the thermophiles are 

potentially useful because the interiors of our mine dumps are hot enough to 

favor their growth while killing sulfur bacteria. 

Our results show that autotrophic organisms exist which are more effective 

in their attack on chalcopyrite than the sulfur bacteria found around many 

copper mines. There is no reason to believe that the strains we have isolat- 

ed are optimal in this respect and I would like strongly to urge the collec- 

tion and testing of samples from the widest possible range of sources. 

For some time we have been studying the thermophiles with the electron 

microscope, only in part with the objective of establishing the mechanism of 

their attack on chalcopyrite. The observations we have been making raise 

such questions as the following: What is the relation between the thermo- 

philes and the low temperature autotrophs we have isolated together? Are 

there, in view of the very special conditions under which the thermophiles 

flourish, observable differences between those to be found in widely sepa- 

rated localities? Do these geographically diverse strains have a common 

origin, or do they develop in situ from organisms that are growing nearby 

under less severe conditions? What is the mechanism of their attack on sul- 

fide minerals and what must be the physical state of these minerals for their 

digestion? Finally, as one examines their unusual morphology, it is tempting 

to ask to what extent they can be thought of as exhibiting the properties of 

very early forms of life. 

We have as yet but incomplete answers to any of these questions but I 

would like to show a few of our hundreds of electron micrographs that throw 

some light on them. We have chosen to concentrate on the examination of 

organisms in suspensions [6] rather than in thin sections [3,4,7] or by 

scanning microscopy because though scanning reveals best the shape of the 

organisms, we have found it difficult in such micrographs to distinguish 

them from some of the inorganic material with which they are always asso- 

ciated. In an actively growing culture of the thermophiles certain cells 

are roughly spherical but many others are very irregular in shape (Fig. 1) 

and often have bacillary protrusions. Their appearance suggests that at this 

stage enveloping membranes may be especially weak and deformable. Multipli- 

cation is hy budding that is often multiple. Size varies greatly and it is 

often impossible to decide if extruded droplets are indeed daughter cells 

(Fig. 2). When transfer is made from an old culture, the new cells that 

develop using the contents of the parent organism may be almost bacillary in 

shape (Fig. 3). Innumerable opaque masses form both in and around the cells
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Fig. 1. Rapidly growing cells of Mt. Lassen thermophile at 60°C, Fresh 
chalcopyrite medium. In all figures scale marker = 1 un. 

  

Fig. 2. Cell from old culture of New Zealand thermophile at 75°C. 

of an active culture containing iron. Some are crystalline in outline though 

internally they are a mesh that encloses what appear to be bits of protoplasm. 

It is often hard to discern the membranes around actively growing cells but 

those of old and lysed cells are readily visible and often consist of regu- 

larly arranged macromolecules. Cultures transferred to lower temperatures 

soon after high temperature isolation have organisms with a different mor- 

phology. Some look much like sulfur bacteria [el]. At 60°C such rods have 

frequently been seen growing out of thermophiles while especially at room 

temperature old cultures on chalcopyrite have contained intimately
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Fig. 3. Elongated cells growing at 25°C from an old spherical cell of 
Mt. Lassen strain. Chalcopyrite medium. 

  

Fig. 4. Cells of an old culture of Mt. Lassen strain growing at 60°C on 

chalcopyrite. 

associated rods and swollen forms many of which resemble those of the 

thermophiles (Fig. 4). 

Reverting to the questions stated above, the appearance of cells such as 

those on the last Figure lends support to the idea that the bacillary forms 

are adaptations of the thermophiles to a lower temperature. We have not, 

however, succeeded in returning room temperature cultures to 75°C and this 

suggests instead the presence of a second type of autotroph in the fumarole 

sample. Evidently further study is needed to decide if we are dealing with
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a single highly pleomorphic microorganism or with two, one of which preys on 

the other. 

Our observations agree with the assumption that all these autotrophs at- 

tack a solid only through their contacts with it. This corresponds to the 

fact that there is a good growth on a solid, sulfur or chalcopyrite, only if 

it is finely ground to provide a large surface of contact. It also helps us 

to understand why the thermophiles and our low temperature autotrophs, with 

thein easy cellular deformability, are more effective than the sulfur bac- 

ceria in their attack. This will be optimal when the solid particles are so 

small that they can also be engulfed by individual cells. Whenever these 

autotrophs are fed on iron, a copious precipitate of jarosite develops, It 

can be seen to deposit on grains of chalcopyrite as well as on the organisms 

and thus to hinder further contact between them. Undoubtedly this is a 

major factor in retarding and even preventing a continuing digestion of the 

mineral. 

Our primary interest in the thermophiles arose out of our long-standing 

investigation of the proteins to be obtained from fossils and the evidence 

they can provide bearing on chemical, as contrasted with morphological, evo- 

lution. We have found: that still intact proteins can be isolated from fos- 

sils as old as the Cambrian [9] but even the Cambrian is far nearer in. time 

to the present than to that remote period when life began. To bridge this 

gap we have been seeking organisms alive today which might be little- 

altered survivors of very early forms. There are a number of reasons for 

viewing the thermophiles as primitive. 

It is now popular to imagine that life began and was nourished by simple 

organic compounds collected in "primordial soups." The difficulties in the 

way of this hypothesis, however, remain formidable and we should not ignore 

the possibility that the first living forms were instead, like those we have 

been discussing, autotrophs living in saline solutions and drawing energy 

from some of the inorganic matter which, before the emergence of plant life, 

constituted the surface of a barren Earth. With this in mind we carried out 

amino acid analyses as a means of comparing our various strains of thermo- 

philes with one another and with certain of the proteins recovered from fos- 

sils. Weiss [7] has already published an analysis of the cell membranes of 

Sulfolobus. We have analyzed washed suspensions of unlysed organisms with 

and without fixation and after growth in and without the presence of yeast 

extract (0.01%). No significant differences were found between strains, and, 

as the data of Table 1 indicate, there is essential agreement between our re- 

sults on entire organisms and Weiss’ analysis of their membranes, Included 

in the Table is an analysis made several years ago in this laboratory of the 

local sulfur bacteria. It, too, is in substantial agreement except for high 
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Table 1. Amino Acid Analyses (in Mol %) 

Lassen Thermophiles Yellowstone 
Without With Thermophiles Thiobacteria 

Yeast Yeast With Yeast Without Yeast 

Hypro 0 0 0 0 

Asp 10.4 LL.0 10,7 10.0 

Thr Leo 1.5 Ge 3.9 

Ser 8.6 8.8 ok 2.9 

Glu il oak 12.6 11.4 10.6 

Pro 5.4 539 542 4.4 

Gly 10,0 169 8.8 9.0 

Ala Lae 5.6 168 11.4 

Val 9.0 6.2 8.2 7.4 

Met 0.4 0.4 0.5 2./ 

Ileu 5.8 5.2 ed 5.4 

Leu 9.0 7.8 9.7 10.0 

Tyr 4.4 5.0 4.6 339 

Phe 4.4 4.7 4.3 4.3 

Lys 6.7 951 3.0 4.3 

alanine and low threonine and serine contents. This type of analysis has 

been disappointing in that it cannot discriminate between strains but it 

shows that the proteins of the thermophiles have amino acid compositions 

very like those of other microorganisms, They are like the fossil proteins 

in containing the full complement of these acids and to the degree that 

they may be thought of as primitive they support the view that evolution 

has not resulted in proteins of an increasing chemical complexity. Perhaps 

more will be learned through a detailed examination, by means of thin 

sections, of the internal structure of the thermophiles to see if its 

organization differs from that shared by most microorganisms. 

Technical aid has been given by Dorothy 0. Siegfried. The work has been 

supported in part by Grant No. BMS74-17288 from the National. Science Founda- 

tion and by help from the Duval Corporation. 
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