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The term »knot« in the mathematical sense, as a closed curve in
3-space that does not intersect itself but that cannot be embedded
in the plane without intersections, has been used to describe a wide
variety of molecular structures — except in the protein literature,
where it has been used to describe structural motifs that are nei-
ther closed knots in the above sense nor even knots in the every-
day sense. We argue in this paper that description of these motifs
as »knots« constitutes »improper« use of scientific terminology, and
we propose a definition of »molecular knot«.

»Ne faites grace a aucune dénomination
impropre. Ceux qui savent déja, entendront
toujours; ceux qui ne savent pas encore,
entendront plutét«.l

INTRODUCTION

In the preface to their classic treatise on entomology, William Kirby and
William Spence pointed out that they had introduced a »great number of
new terms, and alterations of old ones« in order to achieve »a greater degree
of precision and concinnity [i.e., harmony or consistency]«.! Concerned that
critics might object to these changes, Kirby and Spence cited »the advice of
Bergman to Morveau, when reforming the nomenclature of Chemistry,« that

* Dedicated to the memory of Stanko Bor¢ié.
#% Author to whom correspondence should be addressed.
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there is no room for »improper« nomenclature in science. We have chosen
this advice as the epigraph of the present paper.

The present study is an outgrowth of earlier work dealing with topologi-
cal chirality and achirality of knots and links.? In what follows we discuss
the use of scientific terminology, specifically with reference to the different
ways in which the term »knot« has been applied to molecular structures and
structural motifs.

MOLECULAR STRUCTURES THAT ARE KNOTS IN THE
MATHEMATICAL SENSE

As defined in topology, a knot is a polygonal or smooth closed curve in
3-space that does not intersect itself anywhere but that cannot be embedded
in the plane without intersections (called »crossings«).> The word »closed« is
crucial to this definition, for a curve that is knotted but not closed can be
unknotted, like a tied shoelace, by continuous deformation, whereas a knot
as defined above cannot be unknotted without cutting the curve. Thus, from
the point of view of topology, only a closed curve can be »truly knotted«.* We
shall refer to such a curve as a closed knot.

There is no dearth of molecules whose constitutions are represented by
graphs that are closed knots. The rational synthesis of a molecular trefoil
knot was first achieved by Dietrich-Buchecker and Sauvage in 1989 (Fig-
ure 1).5 Soon thereafter, Seeman and coworkers reported the synthesis of

Figure 1. Left: Synthetic trefoil molecule K-86.° Unmarked vertices represent C, CH,
or CHy groups. Right: An abstract version of the same knot.

trefoil and figure-eight knots from single-stranded DNA (Figure 2).6 A great
variety of single- and double-stranded DNA closed knots have been observed
in diverse biological systems, and by now have become a commonplace in
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Figure 2. (a) Synthetic single-stranded DNA trefoil knots® in which o =
(A-C-T-G-G-A-C-C-T-C-T), B = (C-G-T-A-G-C-C-G-C-A-T) or (dCpdGp)g, o'
and f' refer to sequences that complement o and B by Watson-Crick hydrogen bon-
ding, respectively, and t = dT;5 symbolizes a single-stranded linkage between o (')
and B (B"). (b) An abstract version of (a) under denaturing conditions. (c) A synthetic
single-stranded DNA figure-eight knot® in which B = (dCpdGp)g, and «, o', B, and
T have the same significance as in (a). (d) An abstract version of (¢) under denaturing
conditions.

»biochemical topology« (Figure 3).”8 Closed knots, consisting of polypeptide
chain segments combined with cofactors and disulfide intrachain cross-links,
have recently been observed among some metalloproteins (Figure 4).2°

MOLECULAR STRUCTURES THAT ARE CALLED KNOTS BUT ARE
NOT KNOTS IN THE MATHEMATICAL SENSE

Mansfield has pointed out that »we may be unable to define a knot in
an open path, but we know one when we see one. Most reasonable people
would agree that [Figure 5a] is knotted while [Figure 5c] is not.«’ The cru-
cial difference lies in the fact that when the free ends of the curve are glued
together, Figure 5a becomes a trefoil knot (Figure 5b), i.e. a »true« knot as
defined above, whereas Figure 5¢ becomes an »unknot« (Figure 5d), i.e., a
closed curve that can be embedded in the plane without crossings. Thus, the
curve in Figure 5a, while not a knot in the mathematical sense, has the fa-
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Figure 3. Standard diagrams of duplex DNA knots produced by topoisomerase el

miliar appearance of a knot »in the every-day sense«;'° it is also called a
»quasi-knot«.! Such a knot, which we shall refer to as an open knot, may
be defined as a closed knot that has been cut once but has not yet been
unknotted — like a tied shoelace. An open knot may be subjectively identified
by a »reasonable-person test«.? Using this test, Mansfield (»a reasonable per-
son (namely myself)«) found that human carbonic anhydrase B forms an »in-
cipient knot« because in some projections a few residues at one end are
tucked through a loop that passes through the exterior of the molecule.’
Carbonic anhydrase is thus an open knot — a »loosely knotted« polypeptide
chain.

There exist, however, a great many proteins with structural motifs that
are neither open nor closed knots, as defined above, but that are neverthe-
less characterized as »knots«.1?7%% The »knots« in these motifs are entangle-
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Figure 4. Top left: Condensed schematic diagram of human lactoferrin (hLf), with
the C-lobe shown on the right and the N-lobe on the left. The a-carbons of cysteine
and selected non-cysteine residues are symbolized by filled and open circles, respec-
tively. Unlabeled vertices symbolize carbon atoms, and hydrogen atoms are suppres-
sed for clarity. Top right: The trefoil knot derived from the C-lobe of hLf. Bottom:
Stereoview (Ca trace plus cross-links) of the knot shown on the top right. (Reprinted
with permission from Ref. 2b. Copyright 1995, American Chemical Society).

ments that bear little or no resemblance to the knots described above. In
one type of protein (Table I), a bond or a segment of the chain is threaded
through a closed loop, in a topology reminiscent of a rotaxane? (Figures 6,

7,13:46 8 14-28 and 929-32) In three other types (Table II) even this minimal
interlacement is absent (Figures 10,33 11,343747 and 1238). In a number of
instances, the term »knot« has been applied to structural motifs in proteins
even in the absence of three-dimensional structural information. These in-
clude the following: references to »knots« in fibrinogen and human TIMP-1
(Table II); the expression »E-knot«, which has been extensively used in a
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TABLE I

Threaded topologies in proteins and the corresponding expressions

Expression(s) Molecule(s)? Figure Reference(s)
slip-knot BPTI 6 12
knot structure RES-701-1 7 13
knotted arrangement, knot-like
(cystine) topology PDGF BB 8 14, 20
TGF-B knot TGFB 8 15, 20, 21
cystine knot NGF, TGFp, PDGF 8 16, 20-22
NDP 8 17, 23
PTTH 8 18
hCG 8 19-21
cysteine knot BNGF 8 24
hCG 8 25
disulfide knot Human C3a 8 26
TGF-p2 8 27
BNGF 8 24
knotted topology kalata B1 8 28
knot PCI 9 29
knottin, knotted structure,
knotted protein EETI II 9 30
cystine knot o-CgTx, kalata BI,
and CMTI-I 9 31
cysteine knot PMP-C, PMP-D2, HI 9 32

# The abbreviations used are: BPTI, bovine pancreatic trypsin inhibitor; RES-701-1, en-
dothelin B (ETB) selective antagonist; PDGF BB, platelet-derived growth factor BB; TGFp
and TGF-B2, transforming growth factor-f2; NGF, nerve growth factor; NDP, norrie disease
protein; PTTH, prothoracicotropic hormone; hCG, human chorionic gonadotrophin; Human
C3a, human anaphylatoxin; BNGF, murine B-nerve growth factor; PCI, carboxypeptidase in-
hibitor from potatoes; EETI II, Ecballium elaterium trypsin inhibitor II; ©-CgTx, w-conotoxin
GVIA; CMTI-I, Cucurbita maxima trypsin inhibitor I.

study of the relation between the fragment E and the N-DSK (NH,-terminal
disulfide knot) of fibrinogen;* the term »disulfide knot«, which appears in
connection with human C4 binding protein,*® the fragment D of fibrinogen,*!
the basement membrane glycoprotein laminin,*? the basement-membrane
type IV collagen,*® and the Drosophila snake protease;** and the terms »hy-
drophobic disulfide knot« and »hydrophilic disulfide knot«, which can be
found in discussions of human fibrinogen.*?
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Figure 5. (a) An open knot. (b) A closed knot (trefoil). (c) A presentation of a curve
in space. (d) An unknot.

51

30 Lysl5
Lys26

Figure 6. Condensed schematic diagram of the »slip-knot« motif in BPTL'2 The -
carbons of cysteine residues and selected non-cysteine residues are symbolized by
filled and open circles, respectively. An internal cystine cross-link (disulfide bond) is
shown as a heavy line. In this motif, the polypeptide chain of residues Lys15 through
Lys26 passes through the closed loop defined by the Cys30-Cys51 disulfide bond and
the intervening polypeptide chain.

Asp9
Trpl0

Glyl

Trpl6

Figure 7. Condensed schematic diagram of RES-701-1.' Some selected non-cysteine
residues are symbolized by open circles. An internal amide linkage (bond) between
the B-carboxy group of Asp9 and the a-amino group of Glyl is shown as a heavy line.
The »tail« (polypeptide chain Trpl0-Trp16) of this »knot structure« penetrates the
»ring« (polypeptide chain Glyl — Asp9 plus the amide bond between Asp9 and Gly1).
This structural feature of RES-701-1 is the same as that of a tricyclic peptide RP-
71955.1346
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Figure 8. Condensed schematic diagram of the »cystine knot« (a. k. a. »cysteine
knot, »disulfide knot«, »TGF-B knot«, »knot-like (cystine) topologyx, »knotted arran-
gementx, or »knotted topology«) motif of protelns in a growth-factor superfamlly, 14-21
and cyclic uterotonic polypeptide kalata B1.2 The a-carbons of cysteine residues are
symbolized by filled circles, and numbered (I, IL, III, ) along the polypeptide chain
from NHy to COOH termini. The three cystine cross-links (disulfide bonds) are
shown as heavy lines. In this motif, the disulfide bond I-IV passes through the clo-
sed loop formed by two polypeptide segments (II-III and V-VI) and two disulfide
bonds (II-V and III-VI).

I \Y

I

v
- \
Figure 9. Condensed schematic diagram of the »knot« (a. k. a. »knottm« »cystine
knot«, »knotted structure«, or »knotted protein«) motif of PCI?° and other pro-
teins®032 (see Table I), in which the disulfide bond ITI-VI passes through the closed

loop formed by two polypeptide segments (I-II and IV-V) and two disulfide bonds
(II-V and I-1V).

Because the plethora of various structural motifs referred to as »knots«
in the protein literature have little if anything in common with the open or
closed knots described above, it is natural to wonder whether there is any
basis for limiting the meanings that can be attached to this term when used
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TABLE II

Some structural motifs in proteins and the corresponding expressions

Motif Expression(s) Molecule(s)? Figure Reference(s)
type 1 T-knot scaffold MCTI-A, CPI,
w-Aga-IVB, FIX,
EGF, and TGF-a 10 33
type 2 disulfide knot Fibrinogen 11 34
disulfide knot (DSK) Fibrinogen 11 35
NHjy-terminal disulfide
knot (N-DSK) Fibrinogen 11 36, 37

type 3 knotlike structure,
knot Human TIMP-1 12 38

2 The abbreviations used are: MCTI-A, trypsin inhibitor from bitter gourd; CPI, carboxypep-
tidase A inhibitor from potato; w-Aga-IVB, o-toxin from funnel web spider venom; FIX, hu-
man factor IX; EGF, mouse epidermal growth factor; TGF-o, transforming growth factor-a;
TIMP-1, tissue inhibitor of metalloproteinases.

11

Figure 10. The »T-knot scaffold« shared by the EGF-like proteins, w-toxins and pro-
teinase inhibitors from plants.33 The two arrows denote the two B-strands in the
scaffold. The a-carbons of cysteine residues are symbolized by filled circles, and di-
sulfide bonds by heavy lines.

with reference to molecular structures. More generally, what, if any, are the
constraints imposed on the number and kind of meanings that can be at-
tached to a given word?
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Figure 11. A model of the NHy-terminal portion of fibrinogen based on Figure 4 of
Ref. 47. The area encompassed by an oval is referred to as the »NHo-terminal disul-
fide knot«.>*3" The a-carbons of cysteine residues are symbolized by filled circles,
and disulfide bonds by heavy lines. The earliest model of this motif can be found in
Figure 5 of Ref. 36.

Figure 12. Primary structure of human TIMP-1.28 The a-carbons of cysteine residues
are symbolized by filled circles, and disulfide bonds by heavy lines. The three areas
encompassed by circles indicate »three knotlike structures«.

WHAT'S IN A NAME?

In discussions dealing with the semantic content of words, it is custom-
ary to cite the famous exchange between Alice and Humpty Dumpty, »a phi-
lologist and philosopher skilled primarily in linguistic matters«:*®

»When I use a word,« Humpty Dumpty said, in rather a scornful
tone, »it means just what I choose it to mean — neither more nor less.«

»The question is,« said Alice, »whether you can make words
mean so many different things.«

»The question is,« said Humpty Dumpty, »which is to be master
— that's all.«
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Humpty Dumpty is right: words mean »neither more nor less« than what
they are intended to mean. According to Martin Gardner, »Lewis Carroll was
fully aware of the profundity in Humpty Dumpty's whimsical discourse on
semantics. Humpty Dumpty takes the point of view ... that universal terms
do not refer to objective existences but are nothing more than flatus vocis,
verbal utterances. This view ... is now held by almost all contemporary logi-
cal empiricists.«

Thus, Humpty Dumpty has no trouble explaining the meaning of some
curious words in the poem »Jabberwocky«: »brillig« means »four o'clock in
the afternoon«, »toves« are »something like badgers — they're something like
lizards — and they're something like corkscrews ... also they make their
nests under sundials — also they live on cheese«, and so forth. Invented or
»nonsense« words like these present no problem, because it is we and not
the words who are master: the semantic space of the neologism is empty,
and we can fill it arbitrarily with any meaning we choose, limited only by
the boldness of our imagination. Humpty Dumpty's denotation of the word
»brillig« to mean »4 p.m.« in the context of Jabberwocky may appear bizarre,
but it is no more unreasonable than the equally arbitrary denotation of the
letter N to signify, say, the number of moles per liter of a gas at STP in the
context of chemistry. Conversely, there is nothing wrong with calling four
o'clock in the afternoon »brillig«. Juliet, inviting Romeo to »doff thy name
... which is not part of thee«, argues: »What's in a name? That which we call
a rose / By any other name would smell as sweet«.*?

It is quite another matter, however, to give totally new meanings to
words that are already in common use and whose semantic content is ac-
cepted by general consensus: except in a poetic or metaphoric context, such
a reassignment of meaning leads to a breakdown in communication. A case
in point is Humpty Dumpty's response to Alice's question: »I don't know
what you mean by 'glory'« — a response that precipitated the exchange
quoted above:

Humpty Dumpty smiled contemptuously. »Of course you don't —
till T tell you. I meant 'there's a nice knock-down argument for you!'«

«But 'glory' doesn't mean 'a nice knock-down argument,'« Alice
objected.

Alice's objection is justified. If we admit that an utterance is merely fla-
tus vocis, then Humpty Dumpty is entitled to call a nice knock-down argu-
ment anything he pleases, including »glory«. As a practical matter, however,
the choice of this word is bound to cause extreme bewilderment because
there already exists another, previously established and totally different
meaning of the same word. Similarly, it would create utter confusion if
Humpty Dumpty were to call a nice knock-down argument a »tove« because
he previously described a tove as some sort of corkscrew-shaped cheese-eat-
ing lizardy badger. Because Humpty Dumpty invested his newly coined word
with a meaning, his creation has now become master.
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Lexical Definitions

Unlike »brillig«, the word »knot« does not have a precise and narrowly
defined meaning but is part of the general vocabulary and carries a broad
spectrum of meanings. Definitions of words, such as »knot«, that are in gen-
eral use, and whose semantic content has been well-established over time,
are found in standard dictionaries. These »lexical definitions«®® are authori-
tative statements concerning the actual use of a word in the present, recent,
or distant past.

Before we move on to consider the lexical definition of »knot«, we briefly
digress to comment on the title of a recent series of papers by Elk, »Oris-
mology (the science of defining words) and the geometrical foundations of
chemistry«.®! According to Elk,5!2 »it is only in very recent times that a spe-
cial nuance of meaning, distinct from that implied by the word 'terminology’,
has arisen in science that has resurrected this otherwise neglected word«.
For the reason given below, a strong case can be made for continued ne-
glect.

In the preface to their treatise on entomology that contained the advice
of Bergman to Morveau, Kirby and Spence stated: »In the Terminology, or
what, to avoid the barbarism of a word compounded of Latin and Greek,
they [i.e., the authors] would beg to call the Orismology of the science [i.e.,
entomology] ...«.! Words, as we saw, mean neither more nor less than what
they are intended to mean, and the authors' sole and clearly stated intention
was to replace »terminology«, a word of mixed etymology, by a neologism
with exactly the same meaning but with etymologically matching roots.
Thus, orismology is synonymous with terminology. The correspondence be-
tween the two terms is as complete as one could wish: the Latin terminus
means »boundary« or »limit«, and the Greek horismos, meaning »definition«,
is derived from horos, which also means »boundary« or »limit« [whence: ho-
rizon]. The synonymic relation between the two terms is confirmed by the
contemporary lexical definition of orismology simply as »terminology«,>%% in
harmony with the originators' intention; alternatively, »terminology« may be
defined as a »scientific study of terms«®> and »orismology« equivalently as
»the science of defining technical terms«.5® We thus fail to see any distinc-
tion in meaning.

In contradistinction to the rarely used and obsolete »orismology«, the
synonymous »terminology« enjoys universal recognition. We live in a less
fastidious age than Kirby and Spence, and hybrid words compounded of
Latin and Greek roots, such as »terminology«, »sociology«, »mineralogy« and
the like no longer cause offence. We therefore see no reason to rescue »oris-
mology« from its present obscurity.

We now turn to the lexical definition of the noun »knot«. There are two
central definitions,5>5% knot, and knot,. Knot, is a word of Old Norse origin
that has been around for at least a millenium and that has, in the course
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of time, acquired numerous different meanings. All, however, are related, in
one way or another, to the idea of an entanglement. Knot,, references to
which are found dating from the 15th c., is a stocky bird of the snipe family
also called Red-breasted Sandpiper. »Highly sociable, knots stand almost
body-to-body on the shore, moving like a carpet of birds as they feed.<>* A
truly fascinating scene, but our concern is with knot,.

Knot, is associated with a variety of senses, knot,;, knot,y, efc. Knot,;
is a compact interlacement or intertwinement of a string or rope. Knots,;
are of immense practical importance and have existed from the time hu-
mans first used vines and cordlike fibers to bind stone heads to wood in
primitive axes and to construct nets and traps. Knots,; are indispensable to
the sailor: as Ashley observes in his richly illustrated book of nearly 4000
knots, »most important knots owe both their origin and their names to the
requirements of a ship at sea.<®> And the decorative aspect of knots,; is no-
where better illustrated than in the intricately interlaced and convoluted
Celtic knotwork.%®

The other senses of knot, may all be thought of as special cases, exten-
sions, or connotations of knot,;.

Knot,,. The closed knot [a knot in the mathematical sense; see
above].

Knot,3. A tie, bond, linkage, connection, nexus.

Knot,,. A tight cluster of persons or things, a bunch, an assem-
blage.

Knot,;. A perplexing difficulty [as in »knotty problem« or in »cut-
ting the Gordian knot«].

Knot,s. A unit of velocity: one nautical mile per hour [from the
rate at which a string, knotted at regular intervals, runs out as a
ship moves forward].

Knot,,. A lump, knob, knurl, node, bulge, protuberance, growth,
excrescence [on the stem of a plant], the cross section on a tree trunk
from which a branch growth out [whence: knothole].

Knot,_g. An elevated land region formed by the juncture of several
mountain regions.

The best sense is the one that most aptly fits the context in which the
word is used; in the present case the context is molecular structure. The
choice among the senses can accordingly be narrowed by eliminating mani-
festly unsuitable candidates, such as knots,s_,3. Knots,; .4 are on the bor-
derline of acceptability. We are thus left with just two viable candidates:
knot,; and knot,,. In the next section we present the basis for a choice be-
tween these two.
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Evolution of Scientific Terminology

In chemistry, as in all the sciences, the semantic content of technical
terms changes as our understanding of concepts and phenomena deepens:
meanings that are seen to be inappropriate in the light of new discoveries
are pruned away, new subsenses are born, and so forth. That is, scientific
terminology is dynamic and evolves along with the flowering of the subject.

An example is the change over time in the meaning of the term »acid«:5
from (1) the original meaning (a substance with a sour taste), to (2) a mole-
cule with an easily separable hydrogen atom, to (3) a molecule that yields
hydrogen ions when dissolved in water (Arrhenius' definition), to (4) a mole-
cule that donates a proton to another substance (Bronsted and Lowry's defi-
nition), to (5) any species that can accept a pair of electrons (Lewis's defi-
nition).

A more complex example of terminological evolution is provided by the
expression »aromatic compound«.5” The term »aromatic« refers to a molecu-
lar property (~aromatic character« or »aromaticity«) that »is remarkable in
organic chemistry for the variety of meanings and interpretations which
have been ascribed to it in more than a century of use«.5® The expression
was originally applied by chemists in the early part of the 19th c. to describe
compounds with an aromatic odor. In 1865, Kekulé used the terms »aro-
matic« and »aromaticity« with reference to the similarity in structure (cyclic
conjugation) of benzene derivatives. Shortly thereafter (1866), Erlenmeyer
proposed that the same terms be used with reference to the similarity in
reactivity of the same class of compounds. In 1925, Armit and Robinson for-
mulated the concept of the aromatic sextet and associated it with a common
tendency of aromatic compounds to undergo substitution rather than addi-
tion reactions; this was followed by Hiickel's (4n + 2) n-electron rule (1931)
for aromaticity. More recent criteria for aromaticity, based on early theories
of Pauling (1936) and Pascal (1910), are the molecule's ability to sustain an
induced ring current (Elvidge and Jackman, 1961) and diamagnetic suscep-
tibility exaltation (Dauben, 1968). In a general way, »aromaticity« is thus as-
sociated with cyclic delocalization of electrons and with certain physical
and/or chemical properties. There is, however, no crisp definition of »aro-
matic character« because there exists no consensus on how to measure it.

What these examples reveal is that whenever a word that is in general
use, such as »acid« and »aromatice, is adopted for use in a specific scientific
context, its originally broad and often vague meaning acquires a narrowly
defined technical significance. This redefinition is sometimes accompanied
by a radical change in meaning: from a substance with a sour taste to a spe-
cies that can accept a pair of electrons, or from a substance with an aromatic
odor to a molecule capable of sustaining an induced ring current. The word
»knot« has undergone a similar, if less dramatic, transition into the techni-
cal domain. In its sense of knot,;, this word had been in circulation among
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the general public for centuries and had been broadly applied to any com-
pact entanglement of a string or rope. The transition from this word, with
its elastic meaning, to a sharply defined scientific term occurred in 1876,
when the closed knot (knot,,) was introduced as a mathematical object by
the Scottish physicist Peter Guthrie Tait?® (Tait's work on knots had been
. stimulated by the theory of vortex atoms advanced by another Scottish
physicist, Sir William Thomson,%° later Lord Kelvin). The definition of a
closed knot, thanks to its mathematical underpinning, is the only well-de-
fined sense of the word »knot« in a scientific context.

CONCLUSION

With one conspicuous exception, discussed in further detail below, when-
ever the term »knot« has been applied in chemistry, biochemistry, or molecu-
lar biology to describe the structure of molecules or molecular segments, it
has been used in the rigorously defined mathematical sense of a closed knot.
It would be unreasonable, however, to insist that a knot in a molecular
structure must necessarily be closed; as Mansfield rightly points out, al-
though we may be unable to define a knot in an open path, »we know one
when we see one«.” Thus, »reasonable people« would agree that while an
open knot, like the one in Figure 5a, is not a knot in the mathematical
sense, it is a knot in the every-day sense. For the purpose of describing mo-
lecular structures, we therefore believe that it would be judicious to stretch
the mathematical definition slightly by including open knots — closed knots
that have been cut once but have not yet been unknotted. The »loosely knot-
ted« carbonic anhydrase is such an example. [Note added in proof: A more
recent example is the open knot observed in the polypeptide chain of MAT.5!]

We therefore propose the following DEFINITION of a MOLECULAR KNOT:
A molecular knot is a closed or open knot in a molecular graph, where
»closed knot« and »open knot« are defined as above.

The exception mentioned above is exclusively limited to the protein lit-
erature, where it is widely spread and deeply entrenched. It consists of the
use of »knot« in its generalized, nebulous sense of »entanglement« to de-
scribe a wide variety of structural motifs, sometimes even without benefit
of direct evidence. Not only are the motifs depicted in Figures 7-12 not
knots in the mathematical sense, but they even fail Mansfield's »reasonable-
person test«.” They obviously do not qualify as molecular knots. Their descrip-
tion as »knots« therefore constitutes »improper« use of scientific terminology.

Acknowledgement — Support by the National Science Foundation is gratefully ac-
knowledged.
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SAZETAK
Uzlaste strukture u kemiji, biokemiji i molekularnoj biologiji

Kurt Mislow i Chengzhi Liang

Pojam »uzao« u matematiékom smislu, kao zatvorena krivulja u trodimenzij-

skom prostoru koja ne presijeca samu sebe, ali koja se ne moZe poloZiti u ravninu
bez presijecanja, iskoristen je da se opiSse mnosStvo molekulskih struktura — izuzevsi
literaturu o proteinima, gdje je koriten za opisivanje strukturnih motiva koji nisu
niti zatvoreni »uzlovi« u gornjem smislu niti pravi »uzao« u svakodnevnom smislu.
U ovom radu se obrazlaZze da opis ovih motiva kao »uzlima« predstavlja »nepri-
kladno« koristenje znanstvene terminologije, pa se predlaze definicija »molekulski
uzao«.
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