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G. Brown’s Summary of Observations on
Molecules

Paragraphs 33-37 summarize, with commendable cau-
tion:

There are three points of great importance which I was
anxious to ascertain respecting these molecules, namely,
their form, whether they are of uniform size, and their
absolute magnitude. I am not, however, entirely satisfied
with what I have been able to determine on any of these
points.

As to form, I have stated the molecule to be spherical,
and this I have done with some confidence; ...

He explains that he judged the size of bodies ... by
placing them on a micrometer (a glass slide with lines
ruled on it) divided to five thousandths of an inch ... .

The results so obtained can only be regarded as approx-
imations, on which perhaps, for obvious reason, much re-
liance will not be placed. ... I am upon the whole disposed
to believe the simple molecule to be of uniform size, ... its
diameter appeared to vary from 1/15,000 to 1/20,000 of
an inch.

So, with his microscope, he estimates the molecule size at
from 1.7 to 1.3µm. A footnote adds While this sheet was
passing through the press ... he asked the lens maker
Dollond to look at Equisetum spores, whose surface he
had earlier noted released “molecules,”

... with his compound achromatic microscope, having
at its focus a glass divided into 10,000ths of an inch, upon
which the object was placed; and although the greater
number of particles or molecules seen were about 1/20,
000 of an inch, yet the smallest did not exceed 1/30,000th
of an inch.

So, with Dollond’s microscope, these particular
molecules were mostly 1.3µm, with some estimated at
.85µm.

Brown prudently concludes,

I shall not at present enter into additional details, nor
shall I hazard any conjectures whatever respecting these
molecules ... .

H. Brown’s Concluding Remarks

In the final paragraphs of the paper, Brown returns ...
to the subject with which my investigations commenced,
and which was indeed the only object I originally had in
view ..., namely whether the larger particles acted upon
the ovule. My endeavors, however, to trace them, ... was
not attended with success .... He returned to this prob-
lem, with more success, a few years later (Section IV).
The paper ends with establishing his priority. He notes:

The observations, of which I have now given a brief ac-
count, were made in the months of June, July and Au-
gust, 1827. He mentions people to whom he showed the
phenomenon (he soon traveled to Europe, and demon-
strated it there) and people who had made related ob-
servations in the past (the phenomenon was first seen by
Leeuwenhoek, and remarked upon by many later micro-
scopists —see comments by Nelson[16]) to but fell short
of his results in some way .

Brown issued an addendum the following year[23], Ad-
ditional Remarks on Active Molecules,

... to explain and modify a few of its statements, to
advert to some of the remarks already made, either on
the correctness or the originality of the observations, and
to the causes that have been considered sufficient for the
explanation of the phenomena.

He rejects the notion that the molecules are animated,
he regrets having introduced hypotheses such as larger
objects being made out of molecules, distances himself
from the notion that the molecules are identically sized,
rejects some explanations of the motion. He says they
are ... motions for which I am unable to account.

He describes an experiment designed to put to rest the
idea that it is evaporating water, or interaction among
the particles, which produces the motion, He shakes a
mixture of oil and water that has previously been filled
with particles, obtaining small drops of water surrounded
by oil, some of which contain only one particle, and notes
that the motion is unabated and continues indefinitely
since the water does not evaporate.

He concludes once again by ... noticing the degree in
which I consider those observations to have been antici-
pated, and discussing other people’s earlier work.

IV. BOTANY

A. Early Pollen Research

Unbeknownst to Brown, the mechanism of fertilization
of the ovule by pollen he had been looking for had been
observed by accident in 1822 by the Italian optical de-
signer, astronomer and botanist Giovanni Battista Amici
(1786-1863). Amici was looking at a hair on a stigma[35]:

I happened to observe a hair with a grain of pollen at-
tached to its tip which after some time suddenly exploded
and sent out a type of transparent gut. Studying this new
organ with attention, I realized that it was a simple tube
composed of a subtle membrane, so I was quite surprised
to see it filled with small bodies, part of which came out
of the grain of pollen and the others which entered after
having traveled along the tube or gut.

Thus, what is now called the pollen tube was discovered.
Brown became aware of this, and launched an investiga-
tion of the germination of pollen grains in orchids in 1831.
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He was the first to realize that contact with the stigma
causes the pollen to germinate, and he observed the par-
ticles from within the pollen flowing into the pollen tube.
(Ironically, if in his 1827 work he had decided to observe
pollen in vivo, instead of in vitro, he likely would have
seen the pollen tube, pursued that, and his Brownian
motion observations might never have taken place.) By
1833, he had published his observations that the pollen
tube reaches and penetrates the ovule. Brown also was
the first to insist upon the importance of insects in pol-
lination[? ].

During this 1831 work, Brown noticed a structure
within cells belonging to an orchid leaf’s epidermis, its
outer layer. Characteristically he first looked at the inter-
nal cells of the plant and made the same observation, and
then studied a myriad of other plants, with the same re-
sult. Brown had found the cell nucleus, which he named
(from the latin word for “little nut”). He also specified
that the pollen grain contains a nucleus. [One wonders
if the term arose in physics due to Brown. Michael Fara-
day (1791-1867) used it to describe the center of the atom
in 1844: Faraday knew Brown, lectured about Brownian
motion in 1829, and letters are extant from Faraday to
Brown. The term was adopted by Ernest Rutherford in
1912: one wonders how that came about.]

As we have seen, a pollen grain also contains amylo-
plasts and spherosomes (starch and fat organelles). Their
nature became known within a decade after Brown’s
publications, but much was still unknown and wrongly
conjectured. The two types of particles seen by Brown
were described by John Lindley (who earlier had a
falling out with Brown, following an article Lindley wrote
that was construed to attribute some of Brown’s early
work to Bauer) in his 1848 book “An Introduction to
Botany”[37]:

In consequence of their manifest motion it has been
conjectured that the longer particles of the fovilla were
the incipients of the embryo, and it is by the the in-
troduction of one or more of these into the ovule that
the act of impregnation is accomplished by the deposit
of a rudimentary embryo in the ovule. [Wrong!] But
both Fritzsche and Mohl agree in considering many of
the smaller particles of the fovilla as minute drops of oil:
[Right!] the molecular motion has been ascribed to cur-
rents in the fluid, in which the fovilla is suspended, and
which, according to Fraunhofer, no precautions can pos-
sibly prevent; [Wrong!] and, what is more important, the
larger particles become blue upon the application of io-
dine, without however losing their property of motion, as
Fritzsche has shown: they are therefore starch.[Right!]

Lindley cites Fritzshe’s and Mohl’s work, published in
1833 and 1837, respectively.

B. Pollen Physiology

A pollen grain consists of an elaborate, three-layered
cell wall surrounding a single, living cell[38], called a tube
cell, because it can grow into a pollen tube. The outer
layer of the pollen wall is sculptured and ornamented.
It consists mainly of a tough, water-insoluble, fatty sub-
stance called sporopollenin[39]. Because of its thickness,
ornamentation and chemical nature, the pollen grain wall
is often optically opaque, and many of the internal con-
tents of fresh pollen grains remain elusive using a light
microscope. (However, as we have seen, the oblong amy-
loplasts of C. pulchella can be seen through the pollen
wall, which led Brown to start working with that plant.)
At particular locations, the cell wall is modified to form
one or more apertures or pores. (C. pulchella, elegans
and amoena have three pores). When pollen lands on
a flower’s stigmatic surface, the pollen absorbs water
through the pores. Molecules (such as amino acids, oils
and sugars[40],[41]) of the stigma induce the pollen to
germinate, with a pollen tube emerging through one of
these pores. When, in the laboratory, pollen grains are
more uniformly surrounded by an artificial incubation
medium, several tubes may emerge from a single pollen
grain.

In spite of opacity of a pollen grain’s cell wall, ultra-
structural studies with an electron microscope reveal the
tube cell contents[42]. There is a centrally located nu-
cleus surrounded by the cytoplasm, which consists of a
viscous fluid and its contents, membrane-bound struc-
tures called organelles (little organs). These organelles
include amyloplasts (which store starch), spherosomes
(which store lipids), numerous very small ribosomes
needed for protein synthesis and a structure called an
endoplasmic reticulum, which is involved in transporting
proteins.

A small lens-shaped cell, the generative cell, is also
found in the cytoplasm of the tube cell. This genera-
tive cell is passively transported within the elongating
pollen tube and ultimately divides to form two non-
motile sperm. The pollen tube passes through the stigma
and down the style, and reaches an ovule. The ovule is
surrounded by integuments (a layer that will become the
outer coating of the seed) pierced by a hole called a mi-
cropyle. The pollen tube passes through the micropyle,
and enters the ovule. The ovule contains an egg cell, as
well as a neighboring cell called the central cell. When
the pollen tube arrives in the vicinity of the egg, a pore
forms at the tip of the pollen tube, which bursts, and
the two sperm are released[43]. A double fertilization is
achieved: one sperm fertilizes the egg to form the embryo
(seedling), and the other sperm nucleus unites with the
nucleus of the central cell to form a unique nutritive tis-
sue, the endosperm, which will become the food for the
embryo or seedling.

Within a few minutes of landing on the receptive stig-
matic surface of the flower (or upon being placed in
an incubation medium), respiratory activity[44] (oxygen–
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dependent reactions that create the energy rich molecule
ATP which is the energy currency of the cell) and pro-
tein synthesis[45] are initiated within the tube cell. By
15 minutes, RNA synthesis has begun and, even when
this RNA synthesis is blocked experimentally, the germi-
nation and early growth of the pollen tube proceeds[46].
This suggests that the RNA required for the early phases
of germination and tube growth is preformed in the
pollen tube cell and is ready for utilization.

Ultrastructural studies of pollen germination and tube
growth show that in the few minutes before emergence of
the pollen tube, structures called Golgi bodies are acti-
vated. These accept proteins from the endoplasmic retic-
ulum and bundle them into more complicated molecules.
These molecules are shipped out (so to speak) in packages
called vesicles[47], produced by the Golgi bodies. The
vesicles migrate and fuse locally with the pollen tube’s
boundary layer, called the plasma membrane, to form
the growing tip of the pollen tube. As they fuse with
the plasma membrane, the vesicles release their contents
of cell wall material that contribute to the lengthening
pollen tube. They also release enzymes that are believed
to help dissolve a pathway for the pollen tube through
the stylar tissue of the flower’s pistil[48],[49]. The starch
and lipid, stored in the amyloplasts and spherosomes, re-
spectively, are presumably utilized as energy sources and
provide raw materials for the construction of new cell
wall material and new plasma membrane during pollen
tube elongation.

When pollen grains of many plants are placed in water
for microscopic examination, they often will germinate
and form a short tube, but then they frequently rupture,
to release the cytoplasmic contents of the tube cell into
the water. As the cytoplasmic contents disperse into the
water, the more numerous and larger amyloplasts and
spherosomes are seen. Other organelles are too small
(ribosomes are about .02µm) to be seen with the light
microscope or too few (nucleus) to be easily spotted.

Jost[50] first suggested that, during pollen germina-
tion and pollen tube growth, sugar plays the role of os-
motically regulating the swelling and bursting of pollen
grains and tubes. However, Bilderback[51] demonstrated
that the pollen grains of some plants do not require
sugar to stabilize pollen growth and tube elongation.
Schumucker[52] recognized that boron plays an active
role during pollen tube growth. Its physiological be-
havior remained unknown until Dickinson[53] found that
boron binds in a reversible manner to growth-related sites
in the pollen tube. Calcium and potassium[54],[55],[56]
also have been found to be essential for stable growth of
pollen tubes. Weiseseel and Jaffe[57] were able to show
that potassium enters the tips of actively growing pollen
tubes. The directed growth of the pollen tube to the
plant egg may be due to a gradient of calcium, potas-
sium, hydrogen and chloride within the flower’s pistil,
extending from the stigma to the egg [58],[59]. The de-
tails of pollen tube evolution are an active subject of
research[60]. Observation of pollen tube growth makes

FIG. 3: Clarkia amoena pollen under the microscope ×400

an engaging student lab[61].
Artificial pollen incubation media did not begin to be

formulated until the beginning of the twentieth century.
Thus, Brown put pollen into water, observed the con-
tents of ruptured pollen grains, and discovered Brownian
motion instead of (rediscovering) the pollen tube.

V. MICROSCOPY

As mentioned in the Introduction, this section is writ-
ten in the first person.

Clarkia pulchella, variously called ragged robin,
elkhorn, pinkfairies and deerhorn (because of its four
three-pronged petals), is native to western North Amer-

FIG. 4: Clarkia elegans pollen under the electron microscope.


