
Thinking of Biology 

Dr. Robert Dalton (1975-2018), victim of 
forsaken science-a cautionary tale 

Those who cannot remember the 
past are condemned to repeat it. 
(George Santayana 1905-1906) 

.D ) uring the past two decades, 
great advances in our under- 
standing of biological sys- 

tems have been accompanied by the 
reorganization of many science de- 
partments in American universities. 
Department names have changed and 
various restructured graduate and 
teaching programs have been intro- 
duced. In many instances, such 
changes appear to be reactions to an 
awareness that committees judging 
research grant applications favor 
particular research problems and 
approaches. One result is that micro- 
biology departments have disappeared 
from a number of universities. 

A special-interest session at the 
1998 meeting of the American Soci- 
ety for Microbiology considered the 
question, "Is the Academic Depart- 
ment of Microbiology a Relic of the 
Past?" This question recognizes the 
submergence of microbiology into a 
minor subdisciplinary role in sup- 
posedly improved graduate research 
programs and teaching arrange- 
ments. This trend loses sight of the 
many fundamental discoveries and 
techniques that emerged from aca- 
demic microbiology research and that 
are in widespread use at the frontiers of 
research in numerous areas of biology 
and molecular biology. The following 
parable illustrates what could hap- 
pen if microbiology as an academic 
discipline continues to disappear. 

Spring 2018: The beginning 
Dr. Robert Dalton, Gates Professor 
of Molecular and Biochemical Ani- 
mal Physiology at the University of 

by Howard Gest and 
Eugene D. Weinberg 

Wisconsin, is shuffling through the 
morning mail. An envelope with the 
return address of the prestigious Lila 
Hughes Foundation arrests his at- 
tention. Opening the envelope, he 
finds an invitation to present the 
Banting Memorial Lecture at the New 
York Academy of Sciences on 10 
December 2018. Although Dalton 
has already received several prizes 
for his research, the invitation is 
clearly high-level recognition. In the 
quiet of his office, Dalton feels a 
warm glow and a sense of excitement. 
These feelings soon evaporate, and he 
is overcome by a feeling of tiredness. 
He is, in fact, exhausted by the tur- 
moil of the previous few months. 

Dalton's research during the past 
5 years had succeeded well beyond 
his earlier dreams. In 2015, after 
almost 100 years of research on vita- 
min C, several of the vitamin's func- 
tions were still unknown, and the 
molecular basis for the action of in- 
sulin was still unsolved. Through 
insight and hard work, Dalton had 
established the crucial fact that vita- 
min C forms a molecular complex 
with insulin and ferrous iron.1 This 
finding indicated that the complex 
had to be an important regulatory 
signal in carbohydrate metabolism. 
He received quick acclaim, but the 
recognition had its costs. His re- 
search group grew substantially, 
which meant more grant applica- 
tions, more managerial activities and 
committees, and numerous speaking 
engagements-all superimposed on 
the usual academic responsibilities. 
There was not enough time in the 
day, and the weekends were increas- 
ingly occupied with laboratory re- 
search meetings, sessions with 
postdoctoral fellows and graduate 
students, and writing papers. This 

1No reference is given to this "insulin-vita- 
min C-iron complex" because it is a figment 
of the authors' imagination. 

was a familiar profile of the success- 
ful mid-career university scientist. 

After mulling over the Hughes 
Foundation letter, Dalton phoned 
his wife, Marie, to ask her to meet 
him for lunch. They discussed the 
invitation and that day decided it 
would be wise to vacation in France 
so that Robert could "recharge his 
batteries." Marie, born and raised in 
Paris, immediately offered to make 
all the arrangements. She was over- 
joyed; for weeks she had seen her 
husband's increasing irritability and 
was bothered by the recurrence of 
his insomnia. 

Dalton's education 
Dalton's education in the late 1990s 
had been unremarkable for a student 
of that decade. The ability to obtain 
research funds (with a generous al- 
lotment of indirect costs for the uni- 
versity treasury) from government 
sources, foundations, or industry had 
become the primary measure of suc- 
cess for scientists in academia. As 
many scientists had anticipated, this 
emphasis had a negative impact on 
teaching. In the sciences, the teach- 
ing-versus-research dilemma was not 
new; by the year 2000, it was typical 
that more than half of undergradu- 
ate science courses were taught by 
temporary personnel or "science 
teachers." Fortunately for Dalton, 
in his senior year he had taken two 
courses that excited his imagination: 
biochemistry and animal physiology. 
Both were taught by senior faculty 
members, once productive research- 
ers who had lately failed to obtain 
research grants. Their grant applica- 
tions were praised, but the numeri- 
cal ratings fell short of the score 
required for funding. Failure to be 
awarded a grant almost always could 
be traced to "insufficient molecular 
biology" in the research proposed. 

Even though their research was 
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considered passe, some professors 
without research funds still retained 
their enthusiasm for teaching. Thus, 
it happened that the courses in bio- 
chemistry and animal physiology were 
the sparks that guided Dalton into 
graduate school and eventually led to 
his successful professional career. 

Fads and fashions in science 
Kornberg (1989) has noted that "the 
tides of fashion in science erode one 
beach to create another" (p. 274). As 
the molecular biology bandwagon 
picked up speed, there were casual- 
ties. In particular, the disciplines of 
microbiology and biochemistry came 
to be viewed by many as being past 
their prime and, at best, handmaidens 
to molecular biology (see Kornberg 
1989). Although the molecular biol- 
ogy of the twentieth century had 
evolved largely from the investigation 
of microbial and viral systems, these 
origins had been quickly forgotten. As 
The Transforming Principle (McCarty 
1985) details, research with patho- 
genic pneumococci led to identifica- 
tion of the "genetic material" as DNA 
by Oswald Avery, Maclyn McCarty, 
and Colin MacLeod. In his review of 
the book, Sidney Brenner, a pioneer- 
ing molecular biologist, commented 
that "for most young molecular bi- 
ologists, the history of their subject 
is divided into two epochs...the last 
two years and everything else before 
that. The present and very recent 
past are perceived in sharp detail but 
the rest is swathed in a legendary 
mist where Crick, Watson, Mendel, 
Darwin-perhaps even Aristotle- 
coexist as uneasy contemporaries" 
(Brenner 1985). 

The discipline of microbiology 
suffered even more than that of bio- 
chemistry, despite resurgent infec- 
tious diseases and the dependence of 
biotechnology on microbiological 
procedures. At the same time, reor- 
ganization of biological sciences in 
American universities became fash- 
ionable. In 1997, a group of micro- 
biologists publicized the problem, 
stating that the new situation has 
been "exacerbated by the ratings 
game by the US National Research 
Council (NRC) rankings of doctoral 
programs.... Inevitably, it seems that 
microbiology gets lost in [these] or- 
ganizational reshuffles. While the 

ecologists and the molecular biolo- 
gists slug it out, microbiology slips 
through the cracks. Administrators, 
eager to downsize, outsource, and 
reengineer, are all too willing to fold 
the relatively smaller microbiology 
departments into whatever reorgani- 
zation emerges" (Dworkin et al. 1997). 

Dalton's graduate research 
Dalton's training was unusual be- 
cause his mentor had strong interests 
and background in both biochemis- 
try (including enzyme kinetics) and 
animal physiology. By mutual agree- 
ment, his PhD thesis work focused 
on factors controlling glycogen syn- 
thesis in liver. It proceeded at several 
experimental levels-whole animals 
(guinea pigs), liver slices, and rel- 
evant enzymes. To investigate the 
role of the polypeptide hormone glu- 
cagon, Dalton prepared a large batch 
of the hormone using standard mo- 
lecular biological procedures. His 
previous experience made it simple 
for him to clone the gene and over- 
express the hormone in Escherichia 
coli. As a side project, Dalton did 
experiments to explore the possibil- 
ity that nutritional factors might in- 
fluence the synthesis of glucagon in 
vivo. To his surprise, he found that 
there was a striking inhibition of 
synthesis when the guinea pig diet 
was deficient in vitamin C. This ob- 
servation was to pay great dividends 
later in his career. 

During his graduate work at a 
large public university, Dalton took 
very few formal courses. Indeed, few 
were offered. The 80 biology depart- 
ment faculty members pleaded (in- 
deed, one could say, insisted) that 
the most effective graduate teaching 
was at the lab bench-the apprentice 
system. This system allowed the fac- 
ulty more time for writing grant ap- 
plications and research papers and 
for traveling. The courses offered 
usually took the form of a 1 hour per 
week journal club meeting, in which 
students presented analyses of re- 
cent research papers in the professor's 
particular field of expertise. 

Summer 2018: Escape 
to France 
Marie Dalton lost no time in making 
plans for her husband's working va- 

cation. One of her closest friends in 
France recommended a unique re- 
sort in the small village of Pouilly-le- 
Fort, approximately 20 miles from 
Paris. Le Hameau de la Renaissance 
consisted of a group of elegant cot- 
tages built on an old farm. The site 
was ideal for weary professionals in 
need of some rest and recreation. In 
addition to opportunities for pleas- 
ant walks, swimming, and other 
forms of relaxation, a modest ar- 
chaeological dig (at the site of an 
ancient Roman army encampment) 
on the original farmyard attracted 
vacationers. Excellent train connec- 
tions to Paris meant that Marie could 
easily spend the day in Paris with 
friends while Robert could rest and 
develop the Banting Lecture without 
interruption. 

During the first few days at Le 
Hameau de la Renaissance, Robert 
actually did relax-walking with 
Marie, reading a novel while smok- 
ing his favorite French cigarettes, 
and closely observing the dig exca- 
vations. Predictably, he then became 
anxious to begin work on the Banting 
Lecture. He continued to spend much 
of the day relaxing and in the eve- 
nings began making detailed notes 
for the lecture. On the tenth day 
after arriving at Pouilly-le-Fort, Rob- 
ert complained of still being tired 
and began to have mild symptoms of 
the flu. Marie pressured him to con- 
sult a physician in Paris, but Robert 
said that it was unnecessary. The "flu," 
however, rapidly became worse and 
forced the decision to return to Wis- 
consin. The flight to New York was 
only a few hours, and there were 
good connections to Madison. 

Return to Wisconsin 
The day after the Daltons arrived 
home, they met with the family's 
general practitioner. Like most clini- 
cians, she had been trained to rely 
heavily on "evidence-based computer 
analysis" for diagnostic and thera- 
peutic assistance. Dalton's physical 
symptoms and preliminary blood 
analysis results were entered into the 
computer program, which indicated 
an 80% likelihood of a viral respira- 
tory infection. A broad-spectrum 
antiviral medication was recom- 
mended. Although computer diag- 
nosis of classical diseases had im- 
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proved substantially by 2018, sig- 
nificant gaps remained, and the as- 
sistance of well-trained clinicians 
remained an important element in 
diagnosis and treatment. 

To Marie's distress, after several 
days, Robert's illness had become 
more acute. He now experienced 
marked dyspnea and hypoxia. His 
physician, concealing alarm, ob- 
tained a chest X-ray, which showed 
widening of the mediastinum. Dalton 
was promptly hospitalized with an 
uncertain diagnosis and given oxy- 
gen. A few days later, severe hy- 
potension, septicemia, and meningi- 
tis developed. Early the next morning, 
he died. 

Diagnosis from afar 
While the outcome of the battle be- 
tween Dalton and the mysterious 
disease was still in doubt, the daily 
television Science News Edition of 
CNN-International included a brief 
report that stated simply: "Dr. Rob- 
ert Dalton, a distinguished US bio- 
medical scientist, has been hospital- 
ized in Madison, Wisconsin, with an 
undiagnosed respiratory infection. 
He and his wife recently returned 
from vacation on a farm resort at 
Pouilly-le-Fort, site of an archaeo- 
logical excavation near Paris." By 
chance, Dr. Auguste LeGrand, an 
elderly microbiologist at the Pasteur 
Institute in Dakar, Senegal, saw the 
news item. Immediately, LeGrande 
connected three key items: "undiag- 
nosed respiratory infection," "ar- 
chaeological excavation," and 
"Pouilly-le-Fort." He realized that 
Dalton must have anthrax caused by 
inhalation of spores of Bacillus 
anthracis at the farm resort. 

LeGrande quickly phoned the hos- 
pital in Madison to plead that an- 
thrax antitoxin be speedily adminis- 
tered to the patient. Alas, his call 
was to no avail. His spoken English 
was difficult to decipher, and the 
recipient of the call knew no French. 
Moreover, LeGrande had to admit 
that he was a microbiologist, not a 
clinician. 

Even if the evidence-based com- 
puter analysis had noted anthrax as 
a possibility, it would have stated 
that anthrax is associated with 
"weaving, goat herding, sheep shear- 
ing, or use of contaminated shaving 

brushes, bongo drums, or saddle 
blankets" (LaForce 1985). Dalton 
had not been engaged in these or any 
related activities. Furthermore, the 
hospital personnel in Madison had 
never seen a case of anthrax, and 
microscopic examination of Dalton's 
blood had been done before bacteria 
appeared in the blood stream. In any 
event, rapid tests for detection of 
anthrax exotoxin in Dalton's fluids 
were not available in Madison. Be- 
cause anthrax is not endemic in the 
soil of states east of the Mississippi 
River, antitoxin was not stocked in 
the hospital pharmacy. 

LeGrand's diagnosis 
Why was LeGrande, 4700 miles away 
from the patient, so certain of his 
diagnosis? As an undergraduate stu- 
dent at the Universite Louis Pasteur 
at Strasbourg, France, in the 1960s, 
he had enrolled in a course on the 
history of microbiology. Pouilly-le- 
Fort, he recalled, was the site of one 
of the most publicized biological 
experiments of all time. The occa- 
sion was Louis Pasteur's public dem- 
onstration of the efficacy of vaccina- 
tion against anthrax. On 5 May 1882, 
a crowd of farmers, veterinarians, 
laboratory workers, doctors, and 
reporters had gathered at the farm of 
a M. Rossignol at Pouilly-le-Fort and 
looked on as Pasteur inoculated a 
group of sheep with his experimen- 
tal anthrax vaccine. Twelve days 
later, Pasteur vaccinated the same 
sheep again. Then, on 31 May, he 
injected both the vaccinated sheep 
and unvaccinated controls with a 
virulent strain of anthrax bacteria 
grown in his laboratory. In full view 
of those gathered around, Pasteur 
gave triple doses of the virulent bac- 
teria to the animals, injecting vacci- 
nated and unvaccinated sheep alter- 
nately (Reid 1975, Bucchi 1997). 
Finally, at 2 P.M. on 2 June, 

As he [Pasteur] appeared in the 
farmyard, a subdued ripple of ap- 
plause began which soon burst into 
a cheer. Pasteur knew he was a 
success. The carcasses of 22 un- 
vaccinated sheep were laid out in a 
row; two more were standing by 
on the point of death. To oblige in 
the drama, they died as the specta- 
tors watched. Every one of the 
vaccinated group were grazing, 

unconcerned by either the deaths 
of their kind, or the excitement of 
the gathered crowd. (Reid 1975, 
p. 84) 

Nearly 130 years later, in 2010, Le 
Hameau de la Renaissance was built 
on the site of Rossignol's farm. It 
was with remarkable foresight that 
in 18 82, Pasteur had insisted that the 
dead sheep be buried below the depth 
to which earthworms burrow, so that 
the dangerous spores of the anthrax 
bacilli would not be returned to the 
soil surface by the worms (see van 
Ness 1969). Most likely, the archaeo- 
logical excavation had liberated the 
long-buried spores. Viable spores of 
bacilli have been detected in soil 
samples as old as 320 years, and 
there is evidence for viability of bac- 
terial spores for over 2000 years in 
debris from a Roman archaeological 
site at Vinolanda, Northumberland, 
United Kingdom (Gest and Mandel- 
stam 1987). 

How anthrax develops and 
why Dalton was at risk 
Inhaled anthrax spores are depos- 
ited in alveoli, where they are phago- 
cytized by macrophages and carried 
to mediastinal lymph nodes. Here, 
the spores find themselves in a milieu 
favorable for germination to vegeta- 
tive cells. The vegetative cells repli- 
cate for a few generations and then 
secrete a potent exotoxin. The ini- 
tial, critical skirmish between host 
and inhaled invader occurs within 
the alveolar macrophages. In many 
cases, the powerful antimicrobial 
defenses that can be called forth by 
activated macrophages attack and 
kill the germinating spores. But an 
important determinant of the out- 
come of the contest is the quantity of 
iron within the defense cells. Even a 
slight amount of iron loading seri- 
ously impairs the ability of macroph- 
ages to combat many prokaryotic 
and eukaryotic pathogens (Weinberg 
and Weinberg 1995). 

The cellular status of iron is af- 
fected by smoking, which explains, 
in part, why the archaeological dig 
personnel did not develop anthrax 
and why Dalton was at risk. To- 
bacco leaves sequester iron, and ciga- 
rette smoking adds a large quantity 
of iron to alveolar macrophages. In- 
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deed, inhalation of smoke from one 
pack of cigarettes contributes more 
than 1 million picograms of iron to 
macrophages (Weinberg 1993). 
Dalton had become addicted to nico- 
tine as a teenager and had continued 
to smoke throughout his adult life. 
The younger dig workers, by con- 
trast, had never smoked. In addition, 
Dalton had earlier been identified as 
having borderline non-insulin de- 
pendent diabetes. By the end of the 
twentieth century, numerous studies 
in human and animal models had 
reported a connection between vari- 
ous degrees of iron loading and pan- 
creatic pathology. Even mildly el- 
evated iron values are associated with 
significant elevations in glucose ho- 
meostatic indices (Toumainen et al. 

1997). Not surpris- 
ingly, tissue sec- 

? BELIZE tions of Dalton's 
1999 pancreatic beta 

cells revealed ex- 
tensive deposits of 

-^:_ <-:. hemosiderin (a 
,,t-:g '~ form of ferric hy- 

^^'S^^' : droxide). Confirm- 
ing LeGrande's di- 
agnosis, large 
Gram-positive ba- 
cilli resembling B. 

: ....^ anthracis were ob- 
.=- ,i:~. served in Dalton's 

* <^-< spleen. 

CUBA is September 
rkel in warm 2018: Epilogue 
nangrove 
angroveit An obituary of 

d Altun Ha Robert Dalton in 
3serve, see Nature noted that 
)oobies. "it is indeed tragic 
lolding tanks, that a distinguished 
19 - July 3, scientist who had 

Betchart significantly ad- 
r Dr. Roger vanced our knowl- 
information. edge of the physi- 

ologic functions of 
insulin-iron com- 
plexes should have 
succumbed to an- 

thrax because instruction in micro- 
bial pathogenesis has declined and 
iron loading (a determinant in the 
genesis of diabetes) was not recog- 
nized as a factor in Dalton's dis- 
ease." 

In 2018, a number of universities 
are finally considering re-creating de- 
partments of microbiology. Restor- 
ing courses in microbiology and bio- 
chemistry to the medical school 
curriculum is also being discussed. 
With the accelerating development 
of microbial resistance to conven- 
tional antibiotics, well-trained mi- 
crobiologists are increasingly needed 
to develop novel preventive and 
therapeutic procedures. Immuno- 
logic and pharmacologic interference 
with microbial iron metabolism are 

promising goals, but successful at- 
tainment requires the research ef- 
forts of additional teams of profes- 
sional microbiologists. 
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