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Helices are ubiquitous in art and nature. Independent of their pitch and sense of rotation (handedness), helices in sculpture, painting, 
architecture, scientific illustrations, conference announcements, logos, and advertising are eye-catching and aesthetically pleasing. 
Helices can turn either clockwise (right-handed helix) or anti-clockwise (left-handed helix). The α-helix formed by l-amino acids 
and the double helices formed by β-d-2′-deoxyribonucleic acid (A- and B-form DNA) and β-d-ribonucleic acid (A-form RNA) are 
all right-handed. Artistic license provides the freedom to create helices of any shape and sense; indeed, many helical sculptures 
do not follow the natural convention observed in proteins and DNA. What is more surprising, given that models of the α-helix 
and the DNA double helix were published over 70 years ago, is how common left-handed DNA double helices are in the context 
of scientific papers and books as well as in popular science writing and reporting. In all cases except for left-handed Z-DNA, the 
use of left-handed helices in scientific illustrations or models is incorrect. Here, we revisit the helix types adopted by peptides, 
DNA, and RNA, and review examples of right and wrong helical models in science, art, and elsewhere.
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INTRODUCTION

Peptides and DNA both adopt helices, with strands winding 
around a central axis in a clockwise fashion. The peptide 
α-helix is single-stranded with amino acid Cα atoms and 
amide moieties constituting the backbone and side chains 
protruding outwards1,2 (Figure 1). In the DNA double helix, 
base pairs make up the core, and the sugar-phosphate 
backbones wrap around the base stack (in an anti-parallel 
manner)3,4 (Figure 2). The only illustration in the original 
paper by Watson and Crick depicts a cartoon of the DNA 
double helix created by Odile Crick: ribbons trace the sug-
ar-phosphate backbones, and rungs indicate base pairs3. 
Nowadays, one encounters more colorful and visually ar-
resting versions of this cartoon DNA on an everyday basis, in 
advertisements, conference announcements, brochures for 
genetic testing, and covers of scientific journals and books, 

to name just a few. Surprisingly often, such cartoons exhibit 
an important difference from the black-and-white diagram 
of the DNA double helix published in 1953: the sense of 
rotation of the ribbons winding around base pairs is anti-
clockwise!

Natural peptides and proteins are all composed of 
α-l-amino acids; DNA and RNA are composed of β-d-2′-
deoxyribonucleotides and β-d-ribonucleotides, respectively. 
The L prefix is short for levorotatory, and the D prefix is short 
for dextrorotatory. As has been pointed out, levorotation has 
nothing to do with the optical activity of the amino acids 
themselves. Instead, it refers to that of the glyceraldehyde 
stereoisomer, to which amino acids are related by an arbi-
trary, conventional series of substitutions8. In any case, there 
is nothing left-handed about proteinogenic α-amino acids. 
Similarly, there is nothing in the configuration of DNA and RNA 
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nucleotides per se that could be used to relate them to either 
a left or a right hand. As stated in the first sentence, the sense 
of rotation of helices composed of either l-amino acids or  
d-nucleotides is clockwise.

However, compared to the building blocks themselves, 
helices can be unambiguously designated as either left-hand-
ed or right-handed. Thus, by pointing the thumb of the right 
hand up the helical axis, a helix is right-handed if the strand(s) 
turns (turn) in the direction indicated by the fingers of the right 
hand. If the strand(s) turns (turn) in the opposite direction, 
the helix is left-handed. Therefore, right-handed helices have 
a clockwise sense of rotation, and left-handed helices have 
an anti-clockwise sense of rotation. As per the CIP rules that 
specify molecular chirality, peptides, DNA, and RNA form right-
handed P-helices. Those of the opposite sense of rotation are 
referred to as M-helices9 (Figure 1c)5–7. DNA and RNA duplexes 

are also homochiral: oligonucleotides composed of either all  
d-nucleotides or l-nucleotides cannot pair with each other.

A careful look at Figure 2 in Pauling et al.2 reveals 
that the depicted model of the α-helix with 3.7 amino acids 
per turn is left-handed. Although Pauling and associates 
were aware at the time of the publication that peptides are 
composed of l-amino acids, they showed a peptide with 
amino acids of the opposite (wrong) chirality. Thus, the au-
thors made an arbitrary choice and illustrated their land-
mark paper with a left-handed α-helix, the mirror image 
of the natural α-helix10–12. The model of the γ-helix with 
5.1 amino acids per turn shown in Figure 3 of the original 
paper is right-handed, but not of relevance as a secondary 
structural element of the 3D structure of proteins, contrary 
to the 310 helix, which was barely mentioned in the 1951 
paper11.

A left-handed double helix, so-called Z-DNA, exists in 
cellular DNA but is limited to specific GC-rich regions15,16. 
Phosphate groups in the backbone of Z-DNA cannot be traced 
with a smooth ribbon, but follow a zigzag pattern that gave 
the double helix its name4,17,18 (Figure 2). Even among chem-
ists and molecular biologists, the left-handed Z-form of DNA 
has remained somewhat of an obscurity. For most, DNA struc-
ture is synonymous with the canonical right-handed B-form 
double helix that features 10 base pairs per turn. Fewer will 
be familiar with its somewhat fatter cousin, the right-handed 
A-form, which features 11 base pairs per turn and is also the 
standard conformation adopted by double-stranded RNA. 
More importantly, the familiar cartoons of DNA double heli-
ces that quite often display the wrong sense of rotation are 
clearly not meant to depict Z-DNA because the backbones are 
always depicted as smooth ribbons.

Besides the double-helical structures with antiparallel 
orientation of strands, nucleic acids can adopt three-stranded 
(e.g., the RNA triplex19 with PDB ID code 7JNH; http://www.
rcsb.org), four-stranded (e.g., the human telomeric DNA 
quadruplex20 with PDB ID 1K8P), and even five-stranded 
motifs21 (the G/isoG DNA pentaplex with PDB ID 2LUJ). In 
all cases, such structures exhibit a clockwise sense of rota-
tion of the strands. Moreover, parallel-stranded DNA22 (PDB 
ID 7T6Y) and RNA23 double helices (PDB ID 4JRD) are also 
right-handed.

To conclude: α-helices in proteins and DNA double 
helices are right-handed. Illustrations and sculptures of left-
handed helices may be artistically pleasing, but chemically 
and biologically, they make no sense.

PEPTIDE AND DNA SUPRAMOLECULAR STRUCTURES

Right-handed α-helices and DNA adopt left-handed supra-
molecular structures. DNA forms a left-handed coil around 

Figure 1. Peptide α-helix. (a) Linus Pauling with models of α-helices. 

(b) Schematic illustration of the right-handed α-helix with hydrogen 

bonds indicated by dashed lines. (c) Models of left-handed (Minus) 

and right-handed (Plus) α-helices (PDB ID 6I1J)5. Backbone atoms 

are shown in ball-and-stick mode with carbon, nitrogen, and oxygen 

colored in magenta, blue, and red, respectively. Side-chain carbon 

atoms are shown in stick mode and colored in gray. Arrows indicate 

the direction of rotation, and m is a mirror plane that converts d-amino 

acids (left) to l-amino acids (right). Credits: Linus Pauling photograph, 

https://profiles.nlm.nih.gov/101584639X208; the ball-and-stick 

α-helix was generated with Biorender, https://www.biorender.com/; 

the left-handed α-helix was produced with DStabilize6 from PDB ID 

6I1J5 and UCSF Chimera7 was used for the figure panel.
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the histone proteins in nu-
cleosome core particles 
(Figure 3a)13. Peptides form 
left-handed coiled coils24; 
an example of a parallel-
stranded, left-handed coiled 
coil is depicted in Figure 3b. 
Independent of the higher-
order structures observed 
for proteins and DNA in cel-
lular environments, the un-
derlying secondary struc-
ture motifs—α-helix and 
double helix, respectively—
remain right-handed.

SCREWS, SNAILS, AND 
SPIRALS

Virtually all screws are 
right-handed, and the use 
of left-handed screws is 

only indicated for very specific applications, for ex-
ample, in machinery where operation could loosen the 
right-handed type. Some 85% of humans are right-
handed, allowing them to apply more torque to tighten 
right-handed screws. Thus, just like peptide and DNA 
helices, screws are right-handed.

The terms spiral and helix are often treated like 
synonyms, but they clearly differ in their mathemati-
cal definitions. A helix is a curve on a cylinder surface 
whereby the angle between the curve and a plane per-
pendicular to the axis is constant. Hence, the distance 
from the axis for a point moving along the helix does not 
change (Figure 4a). A point moving along a spiral rotates 
about a fixed point while continuously increasing the 
distance from that point. This is beautifully illustrated 
by snail shells (Figure 4b). We owe it to Jack Dunitz that 
we refer to the peptide and DNA secondary structures 
as helices (α-helix and double helix, respectively) rather 
than spirals. He suggested to Linus Pauling the designa-
tion “helix”12,25 instead of “spiral configuration of the 
polypeptide chain” used by Pauling and Corey in their 
initial publication1.

An overwhelming majority of snails are right-
handed, and it was shown that formin Lsdia1 is the 
handedness-determining gene in the freshwater 
snail Lymnaea stagnalis26. Studies with the land 
snail species Bradybaena similaris using both the 
dextral wild-type found in nature and a laboratory-
maintained racemic strain (producing a 1:1 mixture 
of left- and right-handed snails) established that 

Figure 2. DNA double helices. The photograph shows (from left to right) Alexander Rich, a CPK model of left-

handed Z-DNA, a CPK model of right-handed B-DNA, and Francis Crick. Credit: Shuguang Zhang, MIT. The 

photograph is flanked by schematic illustrations of Z-DNA (left) and B-DNA (right) generated with Biorender 

https://www.biorender.com/.

Figure 3. Left-handed supramolecular structures adopted by DNA and peptides. 

(a) Crystal structure of the nucleosome core particle from chicken (PDB ID 

code 1EQZ)13. A right-handed DNA (gray) forms a left-handed coil around  

the histone octamer (light-blue surface rendering). Inset: schematic of four 

consecutive nucleosome core particles. The DNA (black string) wraps around 

histone protein cores (light blue cylinders) in a left-handed fashion. (https://

www.biorender.com/). (b) A left-handed coiled coil formed by right-handed 

α-helices from rabbit tropomyosin protein (PDB ID 2TMA)14. The parallel-

stranded coiled coil is shown in rainbow coloring from blue (N-termini) to 

red (C-termini).
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the main difference between the two was in the expres-
sion level of the diaph gene27. However, in keeping with 
the theme of the dominance of the right-handed pattern 
seen so far, we note that, like protein and DNA helices, 
snails occur almost exclusively in the right-handed form in  
nature.

HELICAL STAIRCASES

For reasons described above for the α-helix, spiral staircases 
should really be referred to as helical staircases. Thus, we can 
compare the direction of rotation in helical staircases with 

the helical structures of peptides and DNA. The helical stair-
case shown in Figure 5a is left-handed, as one’s left hand 
is on the handrail on the way up. Although a person moves 
in a clockwise direction when climbing upstairs, the handrail 
forms a left-handed helix. The helical staircase shown in Fig-
ure 5b is right-handed, as one’s right hand is on the handrail 
on the way up. Although a person moves in an anti-clockwise 
direction when climbing upstairs, the handrail forms a right-
handed helix. An architecturally fascinating case of adjacent 
(“twinned”) left- and right-handed helical staircases is de-
picted in Figure 5c. Right-handed helical staircases are more 
common in contemporary buildings, as right-handers can 
hold on to the handrail with their preferred hand on the way 
up. Still, comparisons with spirals, snails, and spiral staircas-
es are best avoided in the context of α-helical peptides and 
double-helical DNA.

MECHANICAL MOLECULAR MODELS

In their pursuit of the fundamental structural principles of 
proteins and nucleic acids, Pauling as well as Watson and 
Crick were keenly aware of the power of mechanical mo-
lecular models (Figure 1). Irrespective of the material used 
to build such models, plaster, paper, cardboard, metal, 
wood, and later plastics, building a 3D model and holding 
it in one’s hands allows a much different interaction with 
its stereochemical properties than merely looking at the 
2D version in a publication or on a screen. The first sce-
nario also makes it easier to distinguish between left- and 
right-handed helices. By comparison, keeping the two apart 
based just on an illustration requires mental rotations of the 
model that can lead to errors. Mechanical molecular models 
were commonplace in chemistry and molecular and struc-
tural biology for many decades and have been described 
as cognitive facilitators and augmentations28. Simply put, 
phone and computer screens cannot completely replace 
a physical molecular model. Such molecular models can 
still serve an important role in undergraduate and graduate 
teaching. Our conclusion is strongly supported by the fact 
that many illustrations of proteins and DNA display helices 
with the wrong sense of rotation. For a biomolecular helix to 
be meaningful, it needs to be right-handed. To quote Henry 
David Thoreau: “The question is not what you look at, but 
what you see”.

SCIENTIFICALLY CORRECT AND INCORRECT HELIX 
CHIRALITY

We emphasize here that peptides and nucleic acids and the 
helices they form are chiral. The reason for stressing this is 
not to give the impression that chirality is something special 
or rare. Rather, we want to provide users of helices in art, 
science, and elsewhere with a consumer guide to create  

Figure 4. Helix versus spiral. (a) Karlskirche in Vienna, Austria. 

Cylindrical towers on the left and the right are decorated with left- 

and right-handed helices, respectively. (b) Sinistral (left) and dextral 

(right) morphs of the land snail Bradybaena similaris with left- and 

right-handed spiral patterns of shells, respectively. Credits: Eric 

Hong, https://unsplash.com/photos/Ka8xLwYVY4E (Karlskirche) 

and https://phys.org/news/2019-02-right-left-handed-gene-story-

snail.html (snails).
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scientifically correct helices and to be able to readily dis-
tinguish between correct and incorrect artwork. It has been 
pointed out that chirality is more the rule than the exception: 
“The world is chiral and clinal, enjoy symmetry wherever you 
find it” (Vladimir Prelog). Thus, almost everything in the natu-
ral world is chiral, not just the molecules of life and hands but 
also flowers, trees, shells, minerals, and so forth. Conversely, 
most achiral objects are man-made—think of furniture, cups, 
and buildings, just to name a few8,29.

We all know that the right foot cannot fit into a left 
shoe and that a left-handed nut cannot be screwed onto a 
right-handed bolt, and vice versa. However, many creators of 
helices seem to be ignorant of chirality and then arbitrarily 
use either a right- or a left-handed helix. With this article, 
we wish to alert readers to the issue of helical chirality and 
urge them to pay close attention to the correct handedness 
of a helix. Depicting a left-handed helix or double helix with 
the intent to represent standard protein or nucleic acid sec-
ondary structure, respectively, is fundamentally wrong and 
embarrassing.

Examples of right-handed and left-handed helices 
are depicted in Figures 6 (currency), 7 (sculpture, jewelry, 
and objects of art), 8 (architecture), 9 (plants and animals), 
10 (scientific publications), and 11 (websites and company 
logos). Incorrect left-handed DNA duplexes have appeared on 
the covers of prestigious journals and classic books. Thus, 
the cover of the first British edition of James Watson’s “The 
Double Helix” depicts an incorrect left-handed double helix 
(Figure 10a). The cover of the first US edition of the book 
showed the correct right-handed model (Figure 10b). The 
cover of the September 9, 2010, issue of Nature displayed 
an incorrect left-handed DNA double helix (Figure 10c).  

Figure 6. Helices in currency. (a) The face of the 2003 British two-

pound coin shows a right-handed DNA double helix with A:T and 

G:C base pairs. The correct helical sense was carefully checked by 

scientists at the MRC-Laboratory of Molecular Biology, Cambridge, 

UK. The coin was minted to commemorate the 50th anniversary of 

the discovery of the DNA double helix. (b) The edge of the same coin 

shows an incorrect left-handed DNA double helix that was designed 

without input from scientists. (c) The back of the Turkish five-lira 

banknote. The DNA double helix is left-handed and of the B-form, 

which is incorrect. Left-handed Z-DNA30 adopts a very different 

structure (Figure 2, left).

Figure 5. Helical staircases. (a) Left-handed: 5th floor, Satata Center, MIT, Cambridge, MA. (b) Right-handed: Cambridge University Press bookstore at 

the corner of Trinity Street and St. Mary Street, Cambridge, UK. (c) Racemic, left- and right-handed: Zwillingswendeltreppe, Grazer Burg, Graz, Austria. 

Credits: Shuguang Zhang.
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Figure 7. Helices in sculpture, jewelry, and objects of art. (a) α-Helix in front of Linus Pauling’s boyhood home on 3945 SE Hawthorne 

Blvd, Portland, OR. (b) Right-handed golden helix jewelry made by a Macedonian artist in ancient Greece (~350 BC) on display in 

the Archeological Museum of Thessaloniki, Greece. (c) The Golden Helix was installed by Francis Crick above the door of his house 

in Cambridge, UK in 1951, shortly after the discovery of the right-handed peptide α-helix by Linus Pauling. Crick did not replace 

it with the right-handed DNA double helix that he discovered with Jim Watson. (d) Right-handed double helix sculpture “Spirals 

Time—Time Spirals” by artist Charles Jencks and donated by Jim Watson on the campus of Cold Spring Harbor Laboratory, Cold 

Spring Harbor, NY. (e) Right-handed double-helix lectern used by former British prime minister Liz Truss. (f) Left-handed double helix 

sculpture (“Endlose Treppe”) by Swiss artist Max Bill, located in Ludwigshafen, Germany. (g) The incorrect left-handed DNA double 

helix sculpture in front of the Robinson Research Building, Vanderbilt University Medical Center, Nashville, TN. (h) Right-handed 

double helix sculpture in front of Light Hall, Vanderbilt University Medical Center, Nashville, TN. (i) The caduceus, a right-handed 

double helix of snakes, symbol of God Ningishzida, on the libation vase of Sumerian ruler Gudea, ca. 2,100 BC. The caduceus 

represents the magic wand of Hermes or the Roman Mercury and serves as the symbol of medicine in more recent depictions31. 

Both right-handed and left-handed versions of intertwined snakes exist randomly. The caduceus of the Surgeon General of the United 

States Army is left-handed and the Star of Life symbol that identifies emergency medical services features a blue six-pointed star 

with a right-handed helical (snake) Rod of Asclepius. (j) Left-handed double helix on a pottery fragment from the Minoan civilization 

(~2,000 BC), on display in the Archeological Museum of Thera, Santorini, Greece. (k) Left-handed double-helix hummingbird feeder.
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Extra attention should be paid to depictions of helices to  
celebrate the anniversary of the discovery of the DNA double 
helix. Unfortunate examples of incorrect left-handed double 
helices in this context are shown in Figures 6b, 10d, and 10i. 
Relying on commercial stock images for illustrating articles 
should not prevent one from checking their correctness. The 
fantasy cartoon rendering of the three-dimensional structure 
of a protein in Figure 10e is a case in point. No natural protein 
folds by adopting three left-handed and a right-handed helix 
connected by loops. Conference banners often use flashy im-
agery, and an example of an incorrect left-handed DNA dou-
ble helix used to announce a 2023 scientific meeting is shown 
in Figure 10g.

Many well-known research institutions and biotech 
companies also use incorrect left-handed DNA double helices 
to illustrate topics such as genetics, genomes, or discovery in 
newsletters, web blogs, and even in logos. Selected examples 
are shown in Figure 11 and include seminar announcements 
(Figure 11a), websites (Figure 11c, e, f), and logos (Figure 
11b, d). The logo of the Eagle’s DNA beer brand served in the 
Eagle Pub in Cambridge, UK, is a particularly embarrassing 
case: it depicts a left-handed DNA double helix carried by an 
eagle. Even after a few beers, the fact remains that this is not 
the secret of life that James Watson and Francis Crick found 
as per their announcement to the crowd in the Eagle Pub on 
February 28, 1953.

Figure 8. Helices in architecture. (a) The arch above the main portal of the 12th-century Siena Cathedral, Siena, Italy, con-

tains a continuous left-handed helix. (b) Left-handed helix on the facade of the 14th-century Florence Cathedral (Duomo), 

Florence, Italy. (c) Right-handed helix on the facade of the Duomo. (d) Left- and right-handed helices on the facade of 

the Duomo. (e) Left-handed helical door handles at the Starbucks store across from the British Museum in London, UK. 

(f) Right-handed DNA double helix Memorial to Francis Crick in the Great Gate of Gonville & Caius College (University of 

Cambridge, Cambridge, UK), unveiled in April of 2013.
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Figure 9. Helices in plants and animals. (a) Right-handed helix trees. A structural biologist in Leksand, Sweden, 

cut his trees in honor of the protein α-helix. (b) Potted plants trimmed in the shape of right-handed single helices 

outside Whole Foods Market in Nashville, TN. (c) Two intertwined trees seem to form a right-handed double 

helix outside Francis Crick’s former home on Portugal Place, Cambridge, UK. (d) Left-handed helical tendril 

in a climber plant. Most twining plants exhibit right-handed helical growth independent of their hemispheric 

location. (e) Kashmir or flare-horned markhor, a goat-antelope with helix-shaped horns. The animal’s right horn 

is left-handed, and its left horn is right-handed. (f) In contrast, this Curly horn Swaledale ram has a left horn 

that is left-handed and a right horn that is right-handed. Nature is fascinatingly complex.
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Figure 10. Helices in scientific publications. (a) Cover of the first British edition of James Watson’s “The Double Helix”. It depicts an incorrect left-handed 

DNA double helix. (b) The cover of the first US edition of the book showed the correct right-handed model. (c) The cover of Nature of September 9, 

2010 467(7312) displayed an incorrect left-handed DNA double helix. (d) Overlay of an incorrect left-handed DNA double helix onto the 1953 photo 

of Watson and Crick. The article was published in “DNA 50: The Secret of Life” in 2003, on the 50th anniversary of the discovery of the DNA double 

helix. (e) An Alamy stock image from their posttranslational photo and image selection shows a protein cartoon with one correct right-handed α-helix 

(purple) and three incorrect left-handed α-helices (blue, green, and orange). Such a protein does not exist in nature. Extra care should be applied 

when selecting stock images, free or copyrighted, from websites. For example, the site https://pixabay.com/images/search/dna/ features hundreds 

of images of incorrect, left-handed DNA double helices. (f) A card from the 1820s on display in the British Royal Observatory Museum, Greenwich, UK. 

It depicts the Draco and Ursa Minor constellations, and when held up to the light, the pin holes in such cards reveal the patterns of constellations. The 

dragon features both right-handed and left-handed turns. (g) The on-line conference banner for the Origins 2023 meeting in Quito, Ecuador, organized 

by the International Society for the Study of the Origin of Life (ISSOL) and the International Astronomical Union (IAU) shows an incorrect left-handed 

DNA double helix. (h) Incorrect left-handed double helix model from the WOLFRAM Demonstrations Project. (i) This illustration depicting an incorrect 

left-handed double helix accompanied the article “DNA’s double helix: 60 years since life’s deep molecular secret was discovered” by Brenda Maddox 

in the 22 February 2013 edition of The Guardian.
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CONCLUSIONS

The essential point we wanted to convey in this article is 
that almost all peptide and protein α-helices and nucleic 
acid double helices are right-handed. Exceptions to this rule 
are mirror-image enzymes and RNAs with inverted chirality, 
that is, composed of d-amino acids and l-ribonucleotides, 
respectively32. Illustrators and artists creating models of 
helices should bear in mind the following quotations to 
avoid taking the wrong turn. “La droite et la gauche—ce 

n’est pas la même chose!” (Pierre Mauroy, French Prime  
Minister 1981–1984), and “If you can’t imitate it,  
don’t copy it!” (Yogi Berra, New York Yankees catcher and 
master of the malapropism).
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