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THE VAN LEEUWENHOEK SPECIMENS

By Brian |. Forn
Science Unit, Mill Park House, 57 Westville Road, Cardiff

| Plates 1 to 6]

INTRODUCTION

N May 1674 the pioncer Dutch microscopist Antony van Lecuwenhock

prepared a series of sections of plant and animal material, They were cut
by hand. using an open razor, and were carefully enclosed in small paper
packets or envelopes. These in turn he put into a larger envelope which was
fixed 1o a sheet of notepaper. On 1 June 1674 van Lecuwenhock wrote a letter
to the Royal Society's then Secretary, Henry Oldenburg, and the final page of
this epistle was the sheet that bore the hand-made paper envelopes in which
these historic specimens were secreted.

The material was preserved i the Society’s archive collections with the
other letters that form the four great files of correspondence in the strong-room
at Carlton House Terrace. It has remained there apparently undisturbed
ever since, repeatedly ignored by many scholars who have studied van
Lecuwenhoek's letters. Earlier this year, during a systematic examination of his
extant works, | had the good fortune to discover these important examples of
van Lecuwenhock’s dexterity, They are in excellent condition, comparable
with the best hand-cut sections that would be prepared today, and provide a
umquely interesting and revealing insight into the state of microtechnique in
the seventeenth century. Additional inferences can be drawn on related topics,
including van Lecuwenhoek’s sources of inspiration, most notably his possible
introduction to the ficld of microscopy through Robert Hooke's infuential
Micrographia of which editions were published in 1665 and 1667.

To the historian these specimens comprise a unique example of ‘scientific
archaeology’. and it is invaluable that they have been allowed to remain
undisturbed over the 307 years that have clapsed since they were prepared.
This has made 1t possible to submit them to detailed optical and scanning
clectron micrography. However, in each case the majority of the sections have
been left undisturbed in the hope that cechniques as yet undiscovered may be
utilized in the future to extract further information from these artefacts from
the dawn of microscopy.
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VAN LEEUWENHOEK 'S MICROSCOPY

Few pioneers in microbiology have had a career exceptional in so many
ways as van Lecuwenhock, He was an autodidact, a monoglot speaker of the
Early Modern Dutch that was spoken in the united provinces of Holland in the
seventeenth century, yet he received international acclaim and acknowledge-
ment in his own hifetime. Without any affiliations to a university, and with no
school of student disciples to follow him, he revolutionized the orthodox
understanding of the minutiae of life through systematic observarions which he
carried out as an amateur. He was visited by noblemen from many countries,
and made countless important and unprecedented observations on subjects that
ranged from plant crystalline deposits to the spermatozoa in many animal
species and included the first observations of bacteria and the cell nucleus, all
undertaken with the aid of small hand-made single lenses mounted in metal
plates. The metals he refined himself, and he was able to extract and refine gold
and silver from ore in his home workshop.

Controversy persists over his work, however. He has been dismissed as a
dilertante (1), his work as a botanical histologist denigrated (2) and his claims
to have observed bacteria are still disputed (3). Sometimes his efforts have been
dubbed as painfully superficial and amatcurish (4) and it has been said—
without justification—that he produced chaotic results unless under the direc-
tion of others (5). His recognition as a visionary amatcur during his lifetime
may have been unusual, but he is equally noteworthy in being widely
forgotten for a prolonged period after his death; indecd at the first inter-
national meeting held to commemorate his life’s work, which was organized in
his home town of Delft m 1875, there was no British representative. Van
Lecuwenhoek’s British biographer, Clifford Dobell, reports that the invitation
sent to the Royal Society at the time was not even acknowledged (6). Yet even
this meeting had s illogicality: the organizer was the microbiologist Christian
Gortfried  Ehrenberg and his declared intention was to celebrate the
bicentenary of van Lecuwenhoek's discovery of the protozoa ‘in 1675". The
discovery was made a year carlier than this, however, and was reported in
Philosophical Transactions in Scptember 1674 (7).

The first major biography of Antony van Leeuwenhoek was published in
1875 (8) and it was followed by a monumental, if highly partisan, study which
was published i commemoration of the three hundredth anniversary of his
birth (9). But van Lecuwenhoek was also the subject of the opening chapter of
a lighter and more popular volume which appeared five vears before Dobell’s
definitive work. Paul de Kruif did much in this account to rekindle interest in
a proncer who had been needlessly neglected (10). and placed on record for the
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first time many of van Leecuwenhoek's greatest achievements. More recently,
the lecturer in the History of Biology at Leiden, who was appointed Editor-in-
Chief of the Collected Letters of Antony van Leeuwenhoek in 1942, A. Schierbeek,
has published a two-volume biographical study in Dutch, which gave rise to
a shorter version in English published in 1959 (11, 12). Maria Rooscboom,
former Director of the National Museum of the History of Science at Leiden,
contributed an important biographical sketch of van Lecuwenhoek to this
review (13).

Of these books the comprehensive and admirably painstaking biography by
Dabell (g) is the master-work. In terms of detail and broad-based approach it 1s
impossible to fault, and it portrays to a remarkable degree the social milieu in
which van Lecuwenhock worked as well as analysing in detail so many aspects
of his life and work, including such details as the seals he left behind, portraits
in which he appeared, or might have appeared, and the anecdotes that lic
behind the fate of the landmarks associated with his life. This book shows how
slight has been the interest in preserving the sites of special interest, and it is
easy to imagine the sense of frustration Dobell must have experienced when he
located the house in which van Leeuwenhoek was born, commissioned photo-
graphs of it, only to find that they were reproduced before his own publica-
tion was ready (14) and that the building itself was demolished shortly after-
wards (15). He refers to the only monument to van Lecuwenhoek that was at
that time visible on the streets of Delft, a bronze plaque on the railings at the
corner of Oude Delft-Boterbrug (= Old Delft-Butter-bridge), and bemoans
the fact that it hangs at a corner which has no associations with any of the
houses, or even streets, in which van Lecuwenhoek lived. The plaque was
taken from the pamnting by Johannes Verkolje made in 1686, and it states that
the discoverer of microbes ‘lived and worked in this town' [Stede|. However,
this was not the inscription which Dobell saw after the plaque was first erected
in 1909 for, though he does not quote the words, he objects to its inaccuracy:
‘Leeuwenhock never lived on the spot where his modern bronze effigy with its
false inscription now hangs. His real residence was in a neighbouring street—
the Hippolytusbuurt—and has long since vanished withour trace’ (16). | have
examined the plaque closely, and it 1s clear that the last word has in fact been
altered. Doubtless the plaque, when it was first designed by J. C. Schultz,
onginally proclaimed that van Leeuwenhoek lived and worked “in this street’,
which would explain Dobell’s indignation. The fact that it now reads “in this
town’, and that the last word has been subsequently brazed into position, is a
concession to our growing insight into the details of van Lecuwenhoek s life.

There are aspects of Dobell’s biography which cast an undignified light on
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his analysis. For example, he is quick to condemn in a most virulent fashion
any detractor from van Lecuwenhock's attainments. Thus von Uffenbach is
dismissed as a ‘complacent German diarist’ making ‘fatuous comments’ and
Dobell takes him to task for ‘[spelling] his name “Leuwenhoeck”
throughout—a mistake I have taken the liberty of correcting’. Yet variations
of the spelling exist elsewhere: van Lecuwenhoek used variants himself, and
acquired the ‘van’ as late as 1685, apparently as an affectation. Dobell notes
nineteen different ways in which van Leeuwenhoek’s name was spelt in the
columns of Philosophical Transactions (18), and does not allow that to disturb
him as much (one of the possibilitics he notes was exactly that used by Uffen-
bach). Similarly, Dobell takes Uffenbach to task for his use of Latin expres-
sions, which he dismisses as pedantry. Yet in the ime that account was written,
1710, it was perfectly acceptable to employ such phrases as “in spiritu vini".
Dobell resorts to such clegant expressions as lapsus calami, sub voce, in litt., in his
own writing and it can be argued (19) that this undignified use of what appear
to be double standards detracts in some respects from the favour of objectivity
that such a magnificently comprehensive tome should embody.

A much more general area of neglect, however, covers van Leeuwenhock's
activities as a microtomist—a section-cutter who prepared matenial by hand in
order to render it thinner, more translucent, and casier to observe in fine detail.
The reason for this neglect lies in the great (and understandable) emphasis that
has been placed on van Lecuwenhoek’s pioneering discoveries as a micro-
brologist. The titles of the various biographical studies illustrate this preoccupa-
tion, and are replete with phrases such as ittle animals’ (g), ‘microbe hunters’
(10), ‘discoverer of protozoa’ (Ontdekker der Infusorien) (8), and so forth, The
standard accounts tend to begin with the letter sent from Delft to Henry
Oldenburg and dated 7 September 1674 (20). In it, van Lecuwenhock describes
his journey to Berkelse Mere, two hours from his town. He collected some of
the water in a glass phial and then wrote in rapture of the tiny green threads,
the darting protozoa and rotifers, the slow-moving ciliates and the multi-
farious umicellular algae he could observe next day through his microscope:

I found . .. some green streaks, spirally wound serpent-wise and orderly
arranged, after the manner of the copper or tin coils which distillers use to
cool their liquors as they distil over. The whole circumference of cach of
these streaks was about the thickness of a hair of one's head. Other particles
had but the beginning of the foresaid streak: but all consisted of very small
green globules jomed together: and there were very many small green
globules as well. Among these there were, besides, very many litde
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animalcules whereof some were roundish, while others, a bit bigger, con-
sisted of an oval. On these last 1 saw two little legs near the head, and two
litcle fins at the hindmost end of the body. Others were somewhat longer
than an oval, and these were very slow a-moving, and few in number.
Thesc animalcules had divers colours, some being whitish and transparent;
others with green and very glittering little scales; others again were green
in the middle and before and behind white: others were yet ashen grey.
And the motion of most of these animalcules in the water was so swift, and
so vanous, upwards, downwards, and round about, that "twas wonderful to
see. (21)

In these words the foundations of microbiology were laid. It is tempting to sce
the organisms that van Lecuwenhock describes so vividly as rotifers, ciliates
and motile algae, with Euglema and Spirogyra clearly recognizable. But apart
from this essentially vague exercise in diagnostic taxonomy the more important
message of van Lecuwenhoek's words lies in the sense of wonder and excite-
ment which the sight engendered in his mind. Freshwater microscopy became
a major pastime for the Victorian microscopists a century ago, and in an era
in which the optical microscope is being somewhat neglected in our schools
and colleges it is arguable that the introduction of this simple yet entrancing
demonstration would do much to restore a sense of perspective in the teaching
of biology today.

Though this demonstration of the tecming freshwater populations was
epoch-making, van Lecuwenhock next refers to observations on aquatic
micro-organisms in a letter written fifteen months later (22) but states only that
“some were incredibly small, less even than the animalcules which others have
discovered in water, and which have been called by the name of Water-flea, or
Water-louse”. One month after this, in January 1676, he wrote again to Olden-
burg (23) and promiscs: ‘Upon these |living creatures discovered by me in
water| I have made divers notes, concerning their colour, figure, the parts
whereof their body is composed, their motion, and the sudden bursting of their
whole body: of which notes I keep a copy by me, which I shall send you at the
carliest opportunity.’

The notes became the bulk of van Leeuwenhock's most famous letter to the
Royal Society. Dated 9 October 1676 (24) it covers cighteen pages of note-
paper and sets the scene on which all the subsequent development of
observational microbiology was based. The letter, though apparently corrected
by van Lecuwenhoek, 1s not in his handwriting and it seems to represent a fair
copy made from his daily diary. The narrative nature of the description may be
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sampled from his paragraphs on the observation of micro-organisms in an infu-

sion of pepper-water:

The 4th and sth of May [1676] I examined it again, but perceived no living
creatures. The 6th ditto 1 discovered very many exceedingly small animal-
cules. Their body seemed, to my eye, twice as long as broad. Their motion
was very slow, and oft-times roundabout.

The 7th ditto, | saw the last mentioned animalcules in still greater numbers.
On the 10th ditto, 1 added more snow-water to the pepper, because the
water was again so diminished that the pepper-corns began to dry out.

The 13th and 14th dirro, the animalcules as before,

The 18th of May, the water was again so dried away, that | added snow-
water to it once more, (25)

The conclusion that van Leeuwenhoek observed bacteria in his infusions has
been well documented by Dobell, He cites van Lecuwenhock s description of a
micro-organism ‘3 or 4 times as long as broad, though their whole thickness
was not, in my judgement, much thicker than one of the hairs wherewith the
body of a louse is beset” and, using the description together with the dimen-
sions of the reference object van Lecuwenhoek uses (a hair on the body of a
louse being approximately sum in thickness) he confidently identifies the
organism as Bodo caudarus (Duj.) Stein, which is 2 common organism in suspen-
sions of organic matter. The careful descriptions of the organism and its
behaviour indeed makes the identification safe. Van Lecuwenhoek moves from
this description to organisms that were, by comparison, ‘incredibly small; nay.
so small in my sight, that 1 judged that even if 100 of these very wee animals
lay stretched out against one another, they could not reach to the length of a
grain of coarse sand”. This apparently vague measurement can be quantified
with some accuracy (26) at |, inch, in which case the organisms described are
less than $um in length. He goes on to describe “very tiny eels; but now | could
not see their bending, when they moved, so very plainly as I had seen it before
... my method for secking the very smallest animalcules, and the little eels, |
do not impart to others; nor vet that for secing very many animalcules all at
once; but | keep that for myself alone”.

This vagueness, to the modern mind, contains the seeds of doubt which
have encouraged so many of van Lecuwenhoek’s detractors. Suppose his
estimate of proportion had been wrong: what if he had over- or under-
estimated the dimensions of his sand-grain: did his manifest secrecy over the
technique he claimed to use for observations on the smallest micro-organisms
conceal an element of hyperbole or even charlatanism? To the student of van
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Lecuwenhock's writings, such questions seem abhorrent. His writings reveal a
transparently self-critical honesty and any notion of deliberate fraud or
exaggeration scems absurd, The doubts have been reinforced by our ready
acceptance of the compound microscope, and the concomitant belief that a
single lens cannot produce adequate resolution (3). Much has been written on
the magnification and numerical aperture of van Lecuwenhock’s lenses (26)
and it has been accepted that in theory he could have resolved bactena, but
these data have not convinced everyone that the hypothesis was ever trans-
lated into reality. Yet the capacity of a single lens to magnify has long been
greatly underestimated. One can readily show that even a crudely melted bead-
lens can produce relatively clear images with the minimum of sophistication
(27) and the simple (1.e. single-lensed) microscopes of the eighteenth century
were in many ways capable of producing results comparable with a basic com-
pound microscope of today (28). It is possible to observe bacteria with such an
instrument. Using the most powerful of the microscopes made by van
Lecuwenhoek that is still known to exist (29) I have on several occasions
resolved stained preparations of bactena including Sarcina lutea, an unusuvally
robust organism, and Bacillus subtilis. However, it is an crror to draw extra-
polanive conclusions based on observations of specimens which were unavail-
able at the time, and a stained preparation on a modern microscope shide is not
comparable with the fresh and unstained matenial that van Lecuwenhock must
have vsed. In addition, the microscope cited is most unlikely to be the most
powerful that van Leeuwenhoek ever made. One recent examination of this
microscope (which is illustrated in Figure 2) suggests the magnification is x 266
with a resolution of 1.3 um (29). whilst it has been argued that his “lost” lenses
may have included examples that were capable of magnifications of x 400 or
even X 500 (30), perhaps with correspondingly improved resolution. Work in
progress as this paper goes to press suggests that the Utrecht lens may be
capable of better resolution even than this, as | have resolved fungal hyphae
with it and they appear to be 1 gm in diameter or perhaps even less. The only
means we have of demonstrating the resolution of bacteria is to unilize single
lenses and 1o apply them to matenal that 1s free from the modern artefact of
microscopical preparation.

Accordingly I investigated unstained, fresh preparations of bacteria of the
kind van Leeuwenhock would have used. One series of experiments gave com-
parable micrographs of buccal mucosa smears seen through a modern high-
resolution instrument and the single lens of a Wilson screw-barrel microscope
(31). This comparison demonstrated that larger bacteria could be resolved
satisfactorily with this mass-production lens. More recently | have undertaken







