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karl meyer

September 4, 1899–May 18, 1990

by  vincent c .  Hascall and endre  a .  balazs

at the time karl meyer initiated his pioneering research 
on hyaluronan, previous relevant work had been done 

that he no doubt knew of and found useful in placing his 
work in its proper context. french chemist Portes reported 
in 1880 that a mucin isolated from vitreous differed from 
similar preparations from cornea and cartilage in its behavior 
in acid solutions, and he called it a “hyalomucoid,” a precur-
sor to hyaluronic acid, the name coined by karl meyer in 
the 19�4 paper by meyer and Palmer that was featured as a 
Journal of Biological Chemistry classic (mcdonald and Hascall, 
2002). subsequent work by carl morner in sweden in 1884 
confirmed Portes’ results and showed that hyalomucoid had 
considerably less sulfur than the mucoids isolated from two 
other tissues. in 1918 P. a. t. levene’s laboratory, a domi-
nant carbohydrate chemistry group at that time, isolated a 
polysaccharide that contained glucosamine, glucuronic acid, 
and sulfate, which they named “mucoitin sulfuric acid.” this 
was probably primarily hyaluronan, although meyer showed 
later that hyaluronan does not contain any sulfate groups. 
this prior work set the stage for the 19�4 paper. 

in 1917 at the age of 17, karl meyer was drafted into 
the German army and served the last year of the war on 
the western front in flanders and central france. it is quite 



4 b i o G r a P H i c a l  m e m o i r s

possible that his experiences during this cataclysmic conflict 
were important factors in his decision to redirect his studies 
from the classics toward medicine. 

i was born on september 4, in kerpen, cologne, Germany as the fourth 
child and only son of ludwig and ida meyer. kerpen was then a village 
of about 4,000 people. i grew up in a simple rural household where from 
early childhood on, i, with the rest of the family had my assigned duties in 
the house, garden and fields. my first reading instruction at 4 years of age 
was in Hebrew. at 5-1/2 years i joined the Jewish school of kerpen and at 
10 transferred to the Höhere schole in kerpen. this was a private catholic 
gymnasium with almost exclusive emphasis on latin and Greek (karl meyer, 
national academy of sciences, 1967). 

after demobilization, karl meyer entered medical school 
and received his m.d. in 1924 from the University of cologne. 
He worked as a clinician for the last time during his final 
months of internship at cologne in the division of infectious 
diseases, where he treated women terminally ill with tuber-
culosis and was at considerable risk for contracting this, at 
the time, dread disease. 

dr. meyer then went to berlin to take a one-year course 
in medical chemistry. there he met several promising young 
scientists embarking on distinguished careers, including Hans 
krebs, fritz lipmann, and ernst chain, among others. at this 
major crossroad in his life, meyer decided to obtain further 
training in chemistry, eventually enrolling as a graduate 
student in otto meyerhof’s laboratory at the kaiser-Wilhelm 
institute. His thesis work on the enzymatic formation of lactic 
acid in muscle tissue and in yeast fermentation showed that 
the reaction required a heat-stable coenzyme, later identified 
as adP, and launched him on his research career path. 

in 1927 dr. meyer was awarded his Ph.d. degree in 
chemistry in berlin, and received a rockefeller foundation 
fellowship to study with Professor kuhn at the swiss federal 
institute of technology in zürich; he spent almost three 
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years at the institute studying the ability of heme complexes 
to catalyze the oxidation of unsaturated compounds. in 
19�0 he accepted an offer from Herbert evans to work on 
anterior pituitary hormones as an assistant professor at the 
University of california, berkeley. in april he and his new 
bride, martha, whom he had met in zürich, embarked on 
an ocean liner for new york city. at ellis island they found 
that he had been issued a tourist visa rather than a work 
permit. a sympathetic immigration officer suggested that 
they have a nice vacation on their way to california, and 
instructed him to go to a U.s. consulate in either mexico 
or canada to obtain the appropriate documents. after a 
daunting two days in tijuana, meyer succeeded in doing so 
and was then able to accept his position at the University of 
california, berkeley. 

dr. meyer attended a conference in europe in 19�2 and 
faced another major crossroad. He learned at the conference 
to his dismay that evans was terminating his position at the 
University of california, berkeley. evans recommended that 
meyer stay in Germany, but meyer decided to return to the 
United states, perhaps sensing the storm clouds of World 
War ii on the horizon. after his arrival in new york, Hans 
clarke at columbia University provided him with an interim 
fellowship until he received a position as assistant professor in 
the department of ophthalmology at columbia University in 
19��. Under some pressure to work on relevant tissue, meyer 
initiated studies on lysozyme in tears and sought another 
source for a mucoid substrate for the enzyme. He considered 
the highly viscous vitreous humor as a likely candidate. the 
discovery of hyaluronan quickly followed. 

from the vitreous humor of cattle eyes a polysaccharide acid of high molecu-
lar weight has been obtained…as constituents there have been recognized 
a uronic acid, an amino sugar . . . it appears to be a substance unique in 
higher animals, and may be best compared with some of the specific polysac-
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charides of bacteria . . . we propose, for convenience, the name “hyaluronic 
acid,” from hyaloid (vitreous) + uronic acid (19�4).

fiGUre 1  Hydrolysis of hyaluronic acid by hyaluronidases. Top: kinet-
ics of hyaluronan hydrolysis by testicular hyaluronidase (open circles) and 
pneumococcal hyaluronidase (closed circles). from rapport et al. (1951), 
reproduced with permission. Bottom: “bacterial” disaccharide—the unsaturated 
uronide product of pneumococcal hyaluronidase treatment of hyaluronan. 
from (1954,�), reproduced with permission. 
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it would take almost 25 years before his studies would 
correctly link the two sugars identified in the classic 19�4 
paper to form the hyaluronan disaccharide. along the way 
a series of classic studies with hyaluronidases would prove 
essential in defining the structure. the experimental results 

fiGUre 2  ion exchange separation of hyaluronan oligosaccharides. Top: 
Human umbilical cord hyaluronan oligosaccharides, prepared using testicular 
hyaluronidase, were resolved using a dowex 1 formate ion exchange column 
eluted with a formic acid gradient. Bottom: representation of the hyaluronan 
oligosaccharides produced. from (1954,1), reproduced with permission.



8 b i o G r a P H i c a l  m e m o i r s

depicted in figure 1 (top) led to the correct interpretation 
that the limit digests by testicular hyaluronidase yielded 
mainly tetrasaccharides that could be cleaved to smaller di-
saccharides by the bacterial hyaluronidase (rapport et al., 
1951). the structure of the disaccharide (figure 1, bottom) 
was defined in a gem of a small paper published in Nature 
in 1954, clearly indicating that the bacterial enzymes are 
eliminases (1954). 

those of us who have worked hard to isolate hyaluronan 
oligosaccharides of defined sizes can only admire the profile 
in figure 2, showing baseline resolution through 18-mers in 
fractions from an ion exchange column, collected in 1954 
without the benefit of a fraction collector (1954). 

by the late 1950s meyer’s work was gaining recognition, no 
doubt prompting the following comment: “it is my opinion 
that the mucopolysaccharides will never be a highly popular 
field in biochemistry, but they probably will not be relegated 
again to the insignificance and disregard in which they were 
held not so long ago” (karl meyer, chair, american society 
of biological chemists symposium on acid mucopolysac-
charides of animal origin, 1958). 

Hyaluronan was his first love, but dr. meyer by no means 
ignored other glycosaminoglycans. early work published in 
19�7 used calcium chloride solutions to extract chondroitin 
sulfate from cartilage. 

it was observed that the chondroitinsulfuric acid salt of gelatin was soluble 
in a concentrated solution of calcium, barium, or strontium chloride. this 
observation was utilized in the extraction of chondroitinsulfuric acid from 
cartilage in neutral solution. Hitherto extraction with strong alkali has been 
employed for the preparation of chondroitinsulfuric acid. since treatment 
with alkali might easily lead to decomposition, the present method of extrac-
tion by a neutral solution of cacl2 seems advantageous. the major portion 
of the cartilage is a protein salt of chondroitinsulfuric acid (19�7).
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this led to the hypothesis that the extracellular matrix 
was primarily a protein salt of chondroitinsulfuric acid, a 
concept that prevailed until the mid-1950s. However, as 
noted by dr. meyer in 1958, work primarily in maxwell 
schubert’s laboratory refuted this hypothesis by unmasking 
the core protein and laying the foundation for research on 
proteoglycans. 

it was known for quite some time that most of the chondroitin sulfates of 
the tissues do not occur as free polysaccharides, but rather as protein com-
plexes. there have been many contributions to the literature of the protein 
complexes, including some of my own in 19�6, which have now been proven 
wrong, namely, that the polysaccharide was bound to protein only by polar 
bonds. dr. schubert started some of the most fundamental studies on the 
protein complexes of chondroitin sulfate of cartilage” (karl meyer, Josiah 
macy Jr. foundation conference 4: chondroitin sulfates, 1958). 

While chondroitin sulfate had been known for almost a 
century, keratan sulfate remained to be discovered. turning 
once again to tissue from the eye, this time cornea, meyer 
isolated an unknown glycosaminoglycan. initially he thought 
it might be a sulfated form of hyaluronan. However, it became 
clear that the sugar partner was galactose and not glucuronic 
acid, and he proposed the name keratosulfate. 

from bovine cornea, three distinct mucopolysaccharide fractions were ob-
tained. they have been identified as (1) chondroitin sulfate, (2) a fraction 
resembling hyaluronic acid, and (�) a sulfated mucopolysaccharide, composed 
of equimolar quantities of glucosamine, acetyl, galactose, and sulfate, for 
which we propose the name keratosulfate. the last represents approximately 
half of the total mucopolysaccharide fraction of the cornea (195�).

the same study proposed that hyaluronan was also present 
in cornea, a conclusion based on the observation that some 
of the glycosaminoglycans were undersulfated (chondroitin, 
as it turned out). by 1981 meyer had received many awards, 



10 b i o G r a P H i c a l  m e m o i r s

including election to the national academy of sciences 
in 1967; his reputation as the father of glycosaminoglycan 
chemistry was firmly established. 

looking back on my scientific career i have often wondered whether it was 
worthwhile to stick so tenaciously to a technically difficult and, conceptually, 
apparently unexciting field, while my colleagues and friends shifted over to 
more fashionable and rewarding areas. the reasons for my persistence are 
manifold: among them a distaste for jumping in on ground broken by oth-
ers. besides, i felt committed to problems such as the biological functions 
of the mucopolysaccharides of connective tissues, to their role in differen-
tiation, in cell membranes and in inherited diseases (karl meyer, national 
academy of sciences, 1967).

at this time, he was back in the department of ophthal-
mology at columbia as an emeritus professor, having returned 
there in 1976 at the invitation of endre balazs after a nine-
year stint as professor of biochemistry at yeshiva University. 
He continued to work in the laboratory for a few more years, 
into the late 1980s, before failing health made this impos-
sible. fittingly, his last paper, published in 198�, returned 
to the eye, in this case a study of the glycosaminoglycans in 
the vitreous humor of a fish (198�). 

karl meyer died on may 18, 1990, at the age of 90. 
the society for complex carbohydrates, the forerunner 

of the current society for Glycobiology, initiated the karl 
meyer award for Glycoconjugate research in 1991, a year 
after his death. karl meyer is often considered the father 
of glycosaminoglycan research, and his contributions to our 
knowledge of the structures of hyaluronan, chondroitin sul-
fate, and keratan sulfate (three of the four classes of glycos-
aminoglycans) certainly merit such consideration. therefore, 
it is very appropriate for the society to honor his work and 
his memory through the award that bears his name. 
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this biosketCh of karl meyer is based on a poster “karl meyer—discov-
erer of Hyaluronan” presented in 2000 at an international meeting 
“Hyaluronan 2000” in Wrexham, Wales (kennedy et al., 2002) and 
on a version that was published in Glycobiology in 2004 to provide 
a perspective for why the Glycobiology society established its annual 
karl meyer award for outstanding glycobiology researchers (Hascall, 
2004). 
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selected  biblio GraPH y

the following list comprises 20 of karl meyer’s most important publications. 
the first one is a one-page description of his work as a student with otto 
meyerhof. it was his second citation and his first in english. the last one is 
his last published work. 

1927

With o. meyerhof. the purification of the lactic acid forming enzyme 
of muscle. J. Physiol. 64:16.

19�4

With J. W. Palmer. the polysaccharide of the vitreous humor. J. Biol. 
Chem. 107:629-6�4.

19�7

With e. m. smyth. on glycoproteins. vi. the preparation of chon-
droitinsulfuric acid. J. Biol. Chem. 119:507-510.

19�9

With e. m. smyth and m. H. dawson. the isolation of a mucopolysac-
charide from synovial fluid. J. Biol. Chem. 128:�19-�27.

1951

With m. rapport, b. Weissmann, and a. linker. isolation of a crys-
talline disaccharide, hyalobiuronic acid, from hyaluronic acid. 
Nature 168:996-997.

195�

With b. Weissmann, m. m. rapport, and a. linker. isolation of the 
aldobionic acid of umbilical cord hyaluronic acid. J. Biol. Chem. 
205:205-211.

With a. linker, e. a. davidson, and b. Weissmann. the mucopolysac-
charides of bovine cornea. J. Biol. Chem. 205:611-616.
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1954

With b. Weissmann, P. sampson, and a. linker. isolation of oligo-
saccharides enzymatically produced from hyaluronic acid. J. Biol. 
Chem. 208:417-429.

With b. Weissman. the structure of hyalobiuronic acid and of hyal-
uronic acid from umbilical cord. J. Am. Chem. Soc. 76:175�-1757.

With a. linker. Production of unsaturated uronides by bacterial 
hyaluronidases. Nature 174:1192-119�.

With e. a. davidson. chondroitin, a new mucopolysaccharide. J. 
Biol. Chem. 211:605-611.

1955

With e. davidson. structural studies on chondroitin sulfuric acid. ii. 
the glucuronidic linkage. J. Am. Chem. Soc. 77:4796-4798.

1956

With a. linker and P. Hoffman. the production of unsaturated 
uronides by bacterial hyaluronidases. J. Biol. Chem. 219:1�-25.

With P. Hoffman and a. linker. transglycosylation during the mixed 
digestion of hyaluronic acid and chondroitin sulfate by testicular 
hyaluronidase. J. Biol. Chem. 219:65�-66�.

1957

With a. linker and P. Hoffman. the hyaluronidase of the leech: an 
endogluronidase. Nature 180:810-811.

1960

With a. linker and P. Hoffman. the production of hyaluronate 
oligosaccharides by leech hyaluronidase and alkali. J. Biol. Chem. 
2�5:924-927.

With P. Hoffman, a. linker, and v. lippman. the structure of 
chondroitin sulfate b from studies with flavobacterium enzymes. 
J. Biol. Chem. 2�5:�066-�069.

1965

With b. anderson and P. Hoffman. the o-serine linkage in peptides 
of chondroitin 4- or 6-sulfate. J. Biol. Chem. 240:156-167.

With n. seno, b. anderson, and P. Hoffman. variations in kerato-
sulfates. J. Biol. Chem. 240:1005-1010.
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198�

With G. armand, e. balazs, and m. reyes. isolation and characterization 
of ichthyosan from tuna vitreous. Connect. Tissue Res. 11:21-��.
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