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Expediente numerc 13-103.374 '

1. Me refiero al aute dictado por ese Despacho notificado por fijacion en lista
de 29 de Julio de 2014,

2. Con el fin de responder las objeciones expuestas por el Sefor Examinador
en su Concepto Técnico correspondiente al Oficio No. 9226, bajo los acépites de
excepciones a la patentabilidad, reivindicaciones relativas a un uso o a un
segundo uso, unidad de invencién, claridad y novedad de la presente solicitud,
me permito dirigir su atencién a las siguientes modificaciones y argumentos
técnicos por medio de los cuales no sélo se superan completamente dichas

objeciones sino que ademas se establece de manera incontrovertible la
patentabilidad de la solicitud en estudio.

3. Modificaciones en el capituio reivindicatorio

Inicialmente me permito sefialar que, como barte de la respuesta a las
objeciones realizadas por el sefior Examinador, el solicitante ha decidido
presentar un nuevo capitulo reivindicatorio, el cual estd conformado por 15
reivindicaciones cuyo sustento en la descripcion y el capitulo reivindicatorio
presentado originalmente se analiza a continuacién: '
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. La nueva reivindicacion 1 estd soportada en la reivindicacion 4
actualmente presentada y en las paginas 77 (lineas 17 a 21) y 88 (sequndo
parrafo) de la descripcidn; '

* . La nueva reivindicacion 2 esta soportada en la pagina 94 (lineds 17 a
20), 95 (dltimo parrafo) y 96 (dos Gltimos parrafos) de la descripcion; '

. La nueva reivindicacion 3 encuentra pleno sustento en la
reivindicacion 16 actualmente presentada;

. La nueva reivindicacion 4 corresponde a la reivindicacion 1
actualmente presentada;

. La nueva reivindicacion 5 corresponde basicamente a las
reivindicaciones 5 y 17 actualmente presentadas, en las cuales sin embargo se
ha eliminado el numeral (jii); ‘

. La nueva reivindicaciéon 6 encuentra pleno sustento en el numeral (iii)
de las reivindicaciones 5 y 17 actualmente presentadas;

. La nueva reivindicacién 7 corresponde a.las reivindicaciones 6 y 18

actualmente presentadas; -

. La nueva reivindicacién 8 corresponde a las reivindicaciones 7 y 19

actualmente presentadas;

. La nueva reivindicacion 9 corresponde a las reivindicaciones 8 y 20
actualmente presentadas;

. La nueva reivindicacién 10 encuentra pleno sustento en los numerales

(1}, (v), (vii) y (viii) de la reivindicacidn 9 actualmente presentada;

. La nueva reivindicacion 11 encuentra pleno sustento en las paginas
94 a 96 de la descripcién;

) La nueva reivindicacion 12 esta soportada en las paginas 93 y 94 de
la descripcion;

. La nueva reivindicacion 13 corresponde a la reivindicacidn 22
actualmente presentada;
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. La nueva reivindicacion 14 estd soportada en las reivindicaciones 2,

10 y 23 actualmente presentadas; vy,

* La nueva reivindicacion 15 corresponde a la reivindicacion 24

actualmente presentada.

Con base en lo anterior me permito manifestar que las modificaciones
realizadas en el capitulo reivindicatorio de ninguna manera amplian el alcance de
la solicitud presentada originalmente, cumpliendo a cabalidad con las
disposiciones de patentabilidad establecidas en el articulo 34 de la Decision 486
de 2000. ’

4, Excepcignes a la patentabilidad

De acuerdo con el sefior Examinador, el objete de las reivindicaclones 1 a
3,5a7,9,10, 14 a 23, 28 y 29 no es pétentable de acuerdo con el articulo 20
de la Decision 486 de 2000 - literal (d), puesto que hacen referencia a un
método de tratamiento humano.

En respuesta a lo anterior me permito manifestar ante ese Despacho que,
de conformidad con las modificaciones realizadas, el nuevo capitulo
reivindicatorio de la solicitud de patente en cuestion de ninguna manera se
encuentra dirigido a proteger métodos de tratamiento que caigan dentro de las
excepciones a la patentabilidad establecidas en el literal (d) del articuio 20 de la
Decision 486 de 2000, con lo cual se éupera completamente la objecién realizada
por el sefior Examinador a éste respecto.

5. Reivindicaciones relativas a un uso‘o:a un segundo uso

De acuerdo con el sefior Examinador, el uso de las reivindicaciones 11, 12,
13, 25, 26 y 27 no es patentable.

Atendiendo a o anterior y de conformidad con lo mencionado en el numeral
3 del presente memorial, me permito sefalar que el nuevo capitulo
reivindicatorio de ninguna manera hace referencia a usos y/o segundos usos, con
lo cual se supera completamente la objecidn realizada por el sefior Examinador a
éste respecto.
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6. Unidad de invencibén

En opinidn del sefior Examinador la solicitud en cuestion no cumple con el
requisito de unidad de invencion porque se refiere a dos grupos inventivos: Una
formulacién nutritiva y un sistema computarizado.

Con respecto a lo anterior me permito sefialar lo siguiente:

. Las nuevas reivindicaciones 1, 2, 3 y 4 de la presente invencion
comparten un concepto comun- inventivo, toda vez que se refieren a
formulaciones nufritivas para un individuo y a los procesos y métodos para
seleccionar dichas formulaciones nutritivas con un enfoque particular sobre la
correcta entrega de fitoquimicos y lipidos en el organismo (tal y como se
analizara en detalle mas adelante, los acidos grasos son una clase particular de

lipidos y estos a su vez son una clase particuiar de fitoquimicos);

v Ahora bien, el sistema computarizado de {a nueva reivindicacion 15 se
encuentra directamente relacionado con el proceso para seleccionar las
formulaciones nutritivas de la presente invencién, y por lo tanto es claro que
dicha nueva reivindicacion 15 también comparte el mismo concepto Inventivo
con las reivindicaciones independientes 1,2, 3vy4.

Visto lo anterior atentamente solicito al sefior Examinador Ia
reconsideracion de las objeciones realizadas en éste sentido.

7. Claridad y concisiéon del capitulo reivindicatorio

En respuesta a las objeciones de claridad y concisidn realizadas por ese

Despacho, atentamente me permito senfalar 1o siguiente:

. De conformidad con lo mencicnado en el numeral 3 del presente
memorial, el capitulo reivindicatorio ha sido drasticamente restringido (se paso
de 29 reivindicaciones a 15 reivindicaciones), brindando claridad y concision a la

materia que se pretende proteger;

. Adicionalmente, las formulaciones reveladas en la presente invencion
han sido definidas a partir de sus componentes especificos y de la relacion
existente entre dichos componentes, mientras que los procesos y rmétodos
revelados se encuentran debidamente definidos a partir de las etapas y
condiciones especificas para que sean ejecutados. '
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Con base en lo anterior me permito manifestar ante ese Despacho que el
nuevo capitulo reivindicatorio cumple a cabalidad con las disposiciones de
patentabilidad establecidas en el articulo 30 de la Decision 486 de 2000, toda vez

que es claro, conciso y encuentra pleno sustento en la descripcién.

8. Novedad de la invencidn

Finalmente, el sefior Examinador ha objetado’la novedad de la invencion en
cuestion con base en las ensefianzas de los siguientes documentos: US
- 2004/001874 (D1), US 2006/280840 (D2), US 20097220649 (D3) y US
2003/225731 (D4).

En respuesta a lo anterior y con el dnimo de demostrar gue el nuevo
capitulo reivindicatorio es novedoso frente a las ensefianzas de los documentos
D1 a D4, atentamente me permito presentar las siguientes consideraciones
técnicas:

. La nueva reivindicacion 1 define dos condiciones principales que

deben cumplir las formulaciones alli reveladas;

1) Es una formulacién nutritiva para un individuo que comprende al
menos un modulo para el consumo por parte de un consumidor, y donde la
formulacién comprende:

Uno o mas nutrientes en cada médulo, y

Cantidades y tipos de fitogquimicos, antioxidantes, vitaminas, miherales,
acido-base, lipidos, proteinas, carbohidratos, probiéticos, prebiéticos,
microorganismos y fibra, y otros nutrientes que se optimizan y se

equilibran para proporcionar un beneficio de salud

2)  Se utilizan una o mas porciones de la formulacién nutricional para
proporcionar al menos el 25% de las calorias diarias promedio al

consumidor durante una o mas semanas.

. Por su parte, el documento D1 no divulga formulaciones que
comprendan cualquiera de los siguientes nutrientés: fitoquimicos, lipidos, acido-

base, proteinas, carbohidratos, probiéticos, prebidticos, microorganismos y fibra.

En efecto, si bien en el parrafo 22 de D1 se mencionan esteroles (tales
como beta-sistosterol, campesterol, estig'masterol y brasicasterol) y aceite de
pescado (el cual contiene acidos grasos omega-3, tales como EPA y DHA), los
esteroles son simplemente un subgrupo dentro de’los fitoquimicos, y los acidos
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grasos omega-3 son un subgrupo dentro de los lipidos. En consecuencia, D1 no
divulga todos los nutrientes mencionados en la nueva reivindicacion 1 de la
presente invencién, los cuales adicionalmente se caracterizan especificamente

porque se encuentran optimizados y equilibrados para proporcionar un beneficio
a la salud.

Adicionalmente, en el documento D1 no se hace mencion alguna a
‘calorias’, y por lo tanto en dicha anterioridad tampoco se hace referencia alguna
a la segunda condicién de la nueva reivindicacion 1 de la presente invencidn,
esto es, a que las formulaciones nutritivas de la presente invencidon proporcionan
al menos el 25% de las calorias diarias promedio al consumidor durante una o

mas semanas.

De lo anterior es claro que el documento D1 no ensefia ninguna de las dos
condiciones tecnicas definidas en la nueva reivindicacion 1 de la presente
invencion,

. Por su parte, el documento D2 tampoco menciona alguno de los
siguientes nutrientes: fitoguimicos, lipidos, écido-base, probiéticos, prebidticos y
microorganismos. '

En este sentido, si bien en D2 se mencionan 4cidos grasos omega-3, éstos
son tan sélo un subgrupo dentro de ios lipidos. Asi mismo, en la Tabia 2de D2 se
mencionan los lipidos totales como parte de la composicion quimica del huevo de
gallina, lo cual de ninguna manera afecta la novedad de la reivindicaciéon 1 de la

presente invencion.

En consecuencia, D2 no divulga todos los nutrientes mencionados en la
nueva reivindicacién 1 de la presente invencion, los cuales adicionalmente se
caracterizan especificamente porque se encuentran optimizados y equilibrados

para proporcionar un beneficio a la salud.

Adicionalmente, en el documento D2 no se hace mencién alguna a la
segunda condicién de la nueva reivindicacién 1 de la presente invencién, esto es,
a que las formulaciones nutritivas de la presente invencidon proporcionan al
menos el 25% de las calorias diarias promedio al consumidor durante una o mas
semanas.

De lo anterior es claro que el documento D2 tampoco ensefa algupa de las
dos condiciones técnicas definidas en la nueva reivindicacién 1 de la presente
invencién.
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. El documento D3 tampoco menciona alguno de los siguientes
nutrientes: fitoquimicos, lipidos, dcido-base, probidticos, prebidticos vy

microorganismos.

En este sentido, en D3 se mencionan los acidos grasos omega, los cuales
son tan s6lo un subgrupo dentro de los lipidos. En consecuencia, D3 no divulga
todos los nutrientes mencionados en la nueva reivindicacién 1 de la presente
invencién, los cuales adicionalmente se caracterizan especificamente porque se

encuentran optimizados y equilibrados para proporcionar un beneficio a la salud.

. El documento D4 tampoco menciona alguno de los siguientes
nutrientes: fitoquimicos, lipidos, antioxidantes, vitaminas, minerales acido-base,

probidticos, prebidticos y microorganismos.

En este sentido, en D4 se mencionan las grasas (SFA, MUFA, PUFA)}, lo cual
corresponde tan sélo a un subgrupo dentro de los lipidos. En consecuencia, D4
no divulga todos los nutrientes mencionados en la nueva reivindicacion 1 de la
presente invencién, los cuales adicionalmente se caracterizan especificamente
porgque se encuentran optimizados y équiribrados para proporcionar un beneficio
a la salud.

A manera de resumen de lo planteado previamente, atentamente me
permito presentar ante ese Despacho una Tabla que incorpora ios nutrientes que
son optimizados y balanceados sobre una dieta de una o mas semanas, y que
corresponden a al menos el 25% de las calorias promedio diarias de acuerdo con
la reivindicacién de la presente invencién: ' '

Nutriente D1 D2 D3 D4 |
Fitoquimicos No menciona | No menciona | No menciona | No menciona
Antioxidantes No menciona
Vitaminas No menciona
Minerales No menciona
Acido-base No menciona | No menciona | No menciona
Lipidos No menciona | No menciona | No menciona
Proteinas No menciona
Carbohidratos No menciona
Prebidticos Ne menciona | No menciona | No menciona | No menciona
Probiodticos No menciona | No menciona | No menciona | No menciona
Microorganismos | No menciona | No menciona | No menciona | No menciona
Fibra No menciona
- ]
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. Sumado a lo anterior, considero relevante destacar ante ese
Despacho que los acidos grasos, tales como omega-3, omega-6 y acidos grasos
mone-insaturados, poli-insaturados y saturados, corresponden simplemente a un
subgrupo dentro de los lipido, mientras que el término 'grasa’ hace referencia a
triglicéridos {los cuales son otro subgrupo dentro de los lipidos). En este sentido,
los lipidos comprenden acidos grasos libres, mono-glicéridos. di-glicéridos, tri-
glicéridos, vitaminas A, E, D, K, carotenoides, esteroles, ceras y otros tantos
compuestos fendlicos (Ver el documento Fahy et al. J. Lipid Res. 2005. 46:839-

861 and The Nomenclature of Lipids, J Lipid Res. 1978 Jan;19(1):114-28, el cual
corresponde al ANEXO II del presente memorial).

Por su parte, es claro que los lipidos hacen parte de un grupo general de
compuestos quimicos, denominado fitoquimicos, y por lo tanto, es claro que la
existencia de una referencia particular a un constituyente especifico que cae
dentro de dicho grupo generai (tal como lo hacen los documentos D1 a D4) de
ninguna manera implica la inexistencia de novedad frente a las ensefianzas de
tales anterioridades.

) Adicionalmente me permito resaltar una vez mas ante ese Despacho
que la nueva reivindicacién 1 de la presente invencién define explicitamente que
los nutrientes alli listados se optimizan y se equilibran cuando se utilizan una o
mas porciones de la formulacidn nutricional para proporcionar al menos el 25%
de las calorias diarias promedio al consumidor durante una 0 mds semanas, lo

cual de ninguna manera es ensefado 0 sugerido en 10s documentos D1 a D4,

. Ahora, tal y como es plenamente conocido por ese Despacho, la
novedad de una invencion udnicamente puede verse afectada si un unico
documento del estado de la técnica anterior divulga todas las caracteristicas
técnicas de la materia a proteger, tal y como aparece plepnamente establecido en
el numeral 2.12 de la Guia para el examen de patentes de invencién y modelos

de utilidad de 1a Superintendencia de Industria y Comercio.

. También considero relevante destacar que en la descripcion de la
solicitud de patente en cuestion se divuiga en detalle que existe una serie de
nutrientes, incluyendo antioxidante, fitoquimicos y otros lipidos, que pueden
afectar el metabolismo de los &cidos grasos omega-3 y omega-6, lo cual
tampoco es ensefiado en las anterioridades D1 a D4 senaladas por ese

Despacho.

. Ahora bien, con respecto a la pueva reivindicacién_2 de la solicitud de

patente en cuestion considero de gran importancia destacar que ésta se refiere a

‘una formulacion nutritiva que comprende al menos un moédulo, mediante el cual
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se proporciona a un individuo una dosis de acidos grasos Omega-s y omega-3 en
una relacién de omega-6 a omega-3 de 5:1 o mayor, y donde: (i) Los acidos
grasos omega-6 son mayores que el 20% del peso total de lipidos; o, (if) La
dosis de dcidos grasos de omega-6 es menor que 40 gramos, y la dosis de dcidos

grasos omega-3 es menor que 2 gramos,’,

En este sentido me permito manifestar ante ese Despacho que en los
documentos D1 a D4 se mencionan ensefianzas radicalmente opuestas a dicha
materia revelada en la nueva reivindicacion 2 de la presente invencion, creando
una serie de vacios técnicos por los cuales para la persona medianamente
versada e la materia no seria posible obtener la solucién técnica brindada por el
solicitante de la presente invencién,

En efecto, me permito poner en consideraciéon de ese Despacho lo

siguiente:

i El arte previo ensefia enfdticamente la utilizacion de una relacién
entre acidos grasos omega-3 y omega-6 menor que 4:1, y
adicionalmente no menciona las condiciones bajo las cuales pueden
emplearse relaciones menores.

ii. El arte previo ensefia enfaticamente la necesidad de consumir
cantidades relativamente altas de EPA y DHA.

iii. El arte previo no menciona y tampoco considera la concentracién de
omega-3 y omega-6 con respecto a otros lipidos. En este sentido, tan
sélo hace alusion a porcentajes de acidos grasos, de grasas o de
calorias.

iv. El arte previo ensefia tacitamente la disminucién en el consumo de
omega-6, recomendando que corresponda a2 menos del 4% e incluso
menos del 1% de las calorias.

V. El arte previo no ensefia la importancia de la dosificacion, lo que lleva
@ que en todas las anterioridades de haga referencia a relaciones
indeterminadas entre productos nutritivos.

vi. En el arte previc se recomienda el consumo de nutrientes que
suprimen la actividad y el metabolismo del omega-6 como agente
anti-inflamatorio, o anterior sin que ni siquiera se haga alusion a las
consecuencias de una deficiencia durante tiempos prolongados de
dicho acido graso. '

vii. El arte previo no ensefia que los antioxidantes y los fitoquimicos (los
cuales también tienden a ser lipidos) pueden reducir la tolerancia y/o
el requerimiento de acidos grasos omega-3.

viii. En el arte previo se recomienda enfaticamente el consumo de acidos
grasos mono-insaturados sin precaucion alguna.
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En relacién con lo anterior, en la Tabla que se presenta a continuacion se

resumen algunas ensefianzas de dichas publicaciones:

Ndamero Documento Fec-ha de Enseflanza
publicacion
Relacién de omega-6
a omega-3: 0,32,
" aungue el rango
USS?.E!(.)%I Producto , preferido es 0,25-4,0.
nutricional para una Abril 1,
F1 persona que padece cofitis 1994 Rango de EPA
ulcerativa” preferido; 16-19,6%
Rango de DHA
preferido: ©,7-8,3%
Tabla 10
- Septiembre 3 gramos diarios de
E2 Noticia de la US-FDA de 2004 EPA y DHA
Relacidon de omega-6
a omega-3 1:1, el
omega-6
EP 1510133A1 regrﬁse”ta"dc’ <10%
E3 "Composicidn grasa 2003 € la composicion
balanceada” (Resumen y pe’lrrafos
2 y 6), ¥ los acidos
grasos mono
insaturados > 70%
(parrafo 2)
Dubnov G. "Acidos grasos
omega-6 y enfermedad Relacién de omega-6
E4 arterial coronaria: Pros y Noviembre a omega-3 ~1:1
contras”. Current de 2004 (pagina 441, columna
Atherosclerosis reports, 1, parrafo 1)
2004, 6:441-446.
Hulbert A. "Grasas dietarias
y funcion de membrana: Relacion de omega-6
ES Implicaciones para el Febrero de a omega-3~1:1
metabolismo y ja 2005 (pagina 441, columna
enfermedad”. Biol. Rev. 1, parrafo 1)
(2005), 80, pp. 155-169.
Hamazaki et. al. "La
socrea-!a'cif japon‘efa de El consumo de
nutricion de lipidos
recomienda reducir el omega-6 (AL) debe
E6 consumo de acido linoleico. 2003 corresponder a ent.re
y , 3-4% de porcentaje
Una revision y critica a la de energia (pagina
evidencia cientifica". World 130 - Conclusiones)
Rev Nutr Diet, 2003; 92:
109-32.
Lands WE. "Grasa dietaria y El consumo de
salud: La evidencia y la omega-6 (AL) debe
E7 politica de prevencion”. 2005 corresponder al 0,5%
Lands, Ann. N.Y. Acad. Sci. de calorias (pagina
1055: 179-192 (2005) 183)

10
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Con respecto a lo anterior, atentamente me permito dirigir la atencion del

sefior Examinador a o siguiente:

- Entre un 3-4% de omega-6 como porcentaje de calorias totales (de
acuerdo con E6) es igual a menos de 11,4% de la grasa total sobre la base de
35% de calorias provenientes de la grasa consumida que generalmente se
recomienda (4%/35% = 11,4%), mientras que el 0,5% de omega-6 como
porcentaje de calorias (de acuerdo con E7) equivale a ~1,42% de grasa total
(0,5%/35% = 1,42%).

- Contrario a lo anterior, la reivindicacion 2(ii) de conformidad con la
presente invencién establece que la dosis de acido graso omega-6 es mayor a 40
gramos, valor marcadamente diferente al ~1 gramo ensefiado en E7 (0,5 calorias

para una dieta calérica de 1800 — 0,5x1800= 9 calorias 0 1 gramo).

- Adicionaimente, en dicha nueva reivindicacion 2(ii) se ensefia que la
dosis de acidos grasos omega-3 es menor a 2 gramos, valor radicalmente
opuesto a las grandes cantidades ensenadas en el arte previo, particularmente
en los documentos E1 y E2.

) Finalmente y aparte de todo lo mencionado previamente me permito
sefalar que los documentos D1, D2, D3 y D4 arriba analizados también fueron
mencionados en el Reporte de Busqueda Internacional realizado por la Oficina
Coreana de Propiedad Intelectual. Sin embargo, tal y como lo podra corroborar el
sefior Examinador, dicha Oficina internacional catalogd tales documentos D1 a
D4 como categoria "A", esto es, como documentos que definen el estado general

de la técnica, pero que no son de relevancia particular.

Ante todo es preciso sefialar que con la informacidon mencionada
anteriormente de ninguna manera pretendo desconocer la independencia de [a
que goza la Superintendencia de Industria y Comercio al momento de analizar
los méritos de patentabilidad de una solicitud, de acuerdo con las disposiciones
del Convenio de Paris para la proteccién de la propiedad industrial.

Sin embargo, si considero de gran importancia resaltar el hecho de que la
materia técnica revelada en la solicitud de patente en cuestién ha sido

catalogada como novedosa por los Examinadores de la Oficina Coreana de

11




LLOREDA CAMACHO & CO.

Calle 72 No. 5-83 Piso 5, Bogotd, D.C.  Tel: 6069700 Fax 6069701,

patentes (actuando comeo Oficina internacional), hecho que evidentemente
representa un claro indicio de que la solicitud de patente en cuestion cumple a
cabalidad con los requisitos de patentabilidad establecidos en la Decision 486 de
2000.

Visto lo anterior me permito manifestar que el nuevo capitulo
reivindicatorio es novedoso frente a las ensefanzas de cualguiera de los
documentos D1 a D4, cumpliendo por lo tanto a cabalidad con las disposiciones
de patentabilidad establecidas en el articulo 16 de la Decision 486 de 2000.

9. Conclusion

Para finalizar me permito resaltar que el capitulo reivindicatorio modificado
presentado junto con este memorial es totalmente claro y conciso al reclamar la
materia de la invencién, cumpliendo” asi con lo exigido por la mencionada
Decision Andina 486 de 2000.

Por otro lado, en virtud de los argumentos discutidos con, respecto a los
documentos citados, se establecié de manera incontrovertible que las
formulaciones, procesos y métodos que son objeto de la solicitud en estudio, de
ninguna manera habian sido divulgadas en dichos documentos, demostrando

irrefutablemente la patentabilidad de |la presente solicitud.
10. Anexo me permito presentar:

i Copia de las paginas 1 a 6, gque corresponde al nuevo capitulo
reivindicatorio, el cual estd compuesto por quince (15)

reivindicaciones y reemplaza al documento actualmente presentado;
ii. Copia del documento: Fahy et al. J. Lipid Res. 2005. 46:839-861;

ili. Copia del documento: The Nomenclature of Lipids, ) Lipid Res. 1978
Jan; 19(1):114-28; vy,

iv. Copia del documento: Lands, Ann. N.Y. Acad. Sci.’ 1055: 179-192
(2005)
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11. En vista de lo anterior, ruego a usted proceder a estudiar nuevamente la
solicitud a la luz de las modificaciones y los argumentos presentados y conceder

el privilegio de patente solicitado.
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REIVINDICACIONES

1. Una formulacion nutritiva para un individua que comprende al menos un mddulo para
el consumo por parte de un consumidor, la formulacion caracterizada porque comprende:

uno 0 mas nutrientes en cada madulo,

en donde la formulacién nutritiva comprende cantidades y tipos de fitoguimicos,
antioxidantes, vitaminas, minerales, acido-base, lipidos, proteinas, carbohidratos,
probibticos, prebidticos, microorganismos y fibra, y otros nutrientes que se optimizan
y se equilibran para proporcionar un beneficio de salud cuando se'utilizan una o mas
porciones de fa formulacién nutricional para proporcionar al menos el 25% de las

calorias diarias promedio al consumidor durante una 0 mas semanas.

2. Una formulacion nutritiva que comprende al menos un médulo, mediante el cual se
proporciona a un individuo una dosis de acidos grasos omega-6 y omega-3 en una

relacidén de omega-6 a omega-3 de 5:1 0 mayor, y donde:
(i) Los acidos grasos omega-6 son mayores que el 20% del peso total de lipidos; o,

(i) La dosis de acidos grasos de omega-6 es menor que 40 gramos, y la dosis de acidos

grasos omega-3 es menor que 2 gramos.

3. Un proceso para desarrollar un programa para consumo de nutrientes para un
individuo, el proceso caracterizado porgue comprende:

proporcionar una ¢ mas listas de articulos alimenticios 0 moédulos que comprendan nutrientes
para el consumo diario promedio por parte de un sujeto;

en donde los articulos alimenticios comprenden al menos el 25% de la ingesta calérica

diaria promedio del sujeto durante al menos una semana;

en donde los articulos alimenticios comprenden ademds una pluralidad de
nutrientes  seleccionados de fitoquimicos, antioxidantes, vitaminas, minerales,
simbidticos,  probidticos,  prebidticos, microorganismos y fibra en cantidades que
optimicen y equilibren la ingesta dietética total del sujeto de los nutrientes durante
un periodo de tiempo prolongado de tal fdrma que se proporcione al sujeto un efecto
benéfico.

4. Un método para seleccionar una formulaciéon nutritiva o un plan para un individuo,
caracterizado porgque comprende:

determinar para el individuo un grupo de dieta, el grupo-tendré alto contenido de
alimentos vegetales, alto contenido de carne o alto contenido de mariscos; y

suplementar -la dieta del individuo con uno © mas médulos nutricionales que




comprenden uno o mas de aceiles naturales, mantequillas, margarinas, nueces,
semillas, hierbas, vitaminas y minerales, para equilibrar el estado nutricional del
individuo.

5. La formulacién de acuerdo con cualquiera de las reivindicaciones 1y 2, el proceso de la
reivindicacién 3, o el método de la reivindicacién 4, donde la determinacién de la férmula
nutritiva ¢ el proceso para desarroliar un programa de consumo de nuirientes, comprende
uno o mas de los siguientes:

(i} determinar un grupo del individuo con base en los ingredientes dietéticos primarios
de la dieta diaria 0 semanal del sujeto al comparar los niveles de  uno 0. mas
antioxidantes, fitoquimicos, vitaminas, minerales, lipidos, carbohidratos, y proteinas
provenientes de alimentos que comprenden ia dieta del sujeto con niveles en un
conjunto de grupos predeterminados; '

(i) determinar un grupo con base en el consumo diario promedio de uno o mas de
granos, vegetales, frutas, legumbres, lacteos, carnes, mariscos, hierbas, edulcorantes y
bebidas; o, _

(iii} seleccionar un grupo con base en el género, edad, perfil genético, historial familiar,

temperatura climatica o condicion médica.

6. La formulacién de acuerdo con cualquiera o mas de las reivindicaciones 1, 2 y 5, o el
proceso de cualquiera o mas de las reivindicaciones 3 a 5, donde la determinacion de Ia
férmula nutritiva o el proceso para desarrollar un programa de consumo de nutrientes,
comprende seleccionar un grupo dietaric entre los basados en vegetales, los basados
en came y los basados en mariscos.

7. La formulacién de acuerdo con cualquiera 6 mas de las reivindicaciones 1,2,5y6, el
proceso de cualquiera o mas de las reivindicaciones 3, 5y 6, o el método de cualquiera o
mas de las reivindicaciones 4 y 5, donde el mddulo o uno o mas articulos alimenticios
comprenden unc o mas de;

(i) articulos alimenticios suficientes para suplerhentar la dieta del consumidor y/o uno o
mas nutrientes seleccionados para suplementar un grupo; | |
(i) menos de 500 calorias 0 25% de calorias diarias;

(iii) envases de vegetales o jugo de vegetales, envases de fruta o jugo de fruta, envases de '
granos deshidratados, envases de cereales, envases de Iegumbrés, granos, nueces,
semillas, envases de came yfo mariscos, hierbas, lipidos, (;omidas, bocadiios,
guarnicidn, ensalada, postres, lacteos, polvo, puré y/o yogur;

(iv) nutrientes seleccionados a partir de fitoquimicos, lipidos, antioxidantes,  vitaminas,

minerales, simbidticos, probidticos, prebidticos, microorganismos vy fibras;




(v) articulos alimenticios enteros provenientes de fuentes naturales;

(vi) fuentes naturales de lipidos seleccionados de aceites, mantequillas, margarinas,
nueces vy semillas;

(vii) micronutrientes derivados total o parcialmente de fuentes naturales; o

(viii) liguidos, crema o parche para uso tdpico.

8. La formulacion de acuerdo con cualquiera o més de las reivindicaciones 1,2y 5a 7, el
proceso de cualquiera o0 mas de las reivindicaciones 3 y 5 a 7, o el método de cualquiera o
mas de las reivindicaciones 4 y 5 a 7, donde uno 0 mas médulos o uno 0 mas articulos

alimenticios comprenden uno ¢ mas de:

(iy una ingestion dietética diaria parcial o completa de nutrientes para el sujeto;
(i) suplementos, equilibrios © reemplazos del consumo de alimentos diarios del sujeto

con base en el grupo del sujeto o el consumo de lipidos del sujeto;

(iii) al menos el 80% de una ingesta total de calorias diaria o semanal para el sujeto; o

(iv) ajustar la saciedad y preferencia dietética del sujeto.

9. La formulacién de acuerdo con cualquiera © mas de las reivindicaciones 1,2y 5 a 8§, el
proceso de cualquiera o mas de las reivindicaciones 3 y 5 a 8, o el método de cualquiera
0 mas de las reivindicaciones 4, 5, 7 y 8, donde los articulos alimenticios se seleccionan
con base en los métodos de procesamiento empleados para preparar el articulo
alimenticio, y en donde opcionalmente el proceéamiento se proporciona de

descascarar, retirar una capa, deshidratar, proporcionar en fresco, asar y asar a la parrilia.

10. La formulacion de acuerdo con cualquiera 0 mas de las reivindicaciones 1,2y 5a 9,
el proceso de cualquiera 0 mas de las reivindicaciones 3 y 5 a 9, 0 el método de
cualquiera 0 mas de las reivindicaciones 4, S y 7 a 9, donde uno o mas de los siguientes
aplica: ‘

(i} la proporcién de Acidos grasos omega-G a omega-3 es mayor de 1:1 o mayor de 511 0
mayor de 10:1; o,

(ii) los acidos grasos omega-6 son mayores que el 20% por peso de los lipidos totéles.

(iii) los acidos grasos omega-6 son menos de 40 gramos; o,

(iv) los acidos grasos omega-3 son menos gue 2 gramos.

11. La formulacion de acuerdo con cualquiera o mas de las reivindicaciones 1, 2y 5a 10,
el proceso de cualquiera o mas de las reivindicaciones 3 y 5 a 10, o el método de
cualguiera o mas de las reivindicaciones 4, 5y 7 a 10, donde uno o0 mas de los siguientes
aplica: ' '

(i) la proporcion de acidos grasos omega-9 a omega-6 es menor de 4:1;

(ii) la proporcién de 4cidos grasos mono insaturados a poliinsaturada es menor de 4:1;




(iii} los acidos grasos omega-9 son menores del 60% © menores del 50% de los lipidos
totales;

(iv) los acidos grasos omega-6 son mayores que el 20% o mayores que el 30% de los
lipidos totales;

{v) los acidos grasos omega-3 son menores del 20% o menores del 10% de los lipidos
totales;

(vi) los acidos grasos omega-6 son mencres de 40g o menores de 25g; 0

(vli) los acidos grasos omega-3 son menores de 2g o menores de 1g.

12. La formulacién de acuerdo con cualquiera o mas de las reivindicaciones 1, 2y 5 a 11,'

el proceso de cualquiera o mas de las reivindicaciones 3 y 5 a 11, o el método de
cualquiera 0 mas de las reivindicaciones 4, 5y 7 a 11, comprendiendo uno ¢ mas de:

(i) uno © mas poli fencles que son menos de 300, 140 o 5 mg;

(ii) folato que es menos de 1000, 400 o 100 mog; _

(iii) uno o mas fitosteroles que son menocs de 1000, 550 o 150 mg;

{(iv) uno © mas carotenoides que son menos de 14.000, 5.000 o 100 mcg;

(v) betaina o colina que son menos de 600, 200 0 25 mg; |

(vi) antioxidantes que son menos de 10, 2 0'0,2 g;

(vii) Se que es menos de 135, 55 0 10 mcg;

(viil) una o mas fibras que son menos de 50,20 0 5 g; o,

{ix) vitamina E alfa/gama que es menos de 0.30%, 0.10% o 0.01% por peso de ios lipidos

totales.

13. El proceso de acuerdo con cualquiera o mas de las reivindicaciones 3y 5 a 12, donde
la lista proporciona uno o mas de los siguientes:

(i} fuentes naturales predeterminadas de lipidos, las fuentes se seleccionan de aceites,
mantequilla, margarinas, nueces y semillas, y opcionaimente uno o mas nutrientes
seleccionados de antioxidantes, fitoquimicos, vitaminas y minerales en cantidades que
optimicen los nutrientes dietéticos de tal forma que la ‘ingesta de lipidos del sujeto
proporcione un efecto benéfico al sujeto;

(i) una recomendacién para el consumo de articulos alimenticios durante al menor una
semana; '

(i} en donde los articulos alimenticios listados en el programa para consumo de

nutrientes se optimizan para adaptar las preferencias del sujeto; o

(iv) los articulos alimenticios que no deberén estar incluidos en la dieta diaria del
sujeto; deberan estar limitados en la dieta diaria del sujeto; o se deberan agregara la
dieta diaria del sujeto.
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14. La formulacion de acuerdo con cualquiera 0 mas de las reivindicaciones 1,2y 5a 12,

el proceso de cualquiera o mas de las reivindicaciones 3 y 5 a 13, o el método de

cualquiera o mas de las reivindicaciones 4, 5 y 7 a 12, el cual involucra el uso de un kit

que comprende la formulacién o los mddulos, ¥ en donde uno 0 mas de los siguientes

aplica:

(i) el kit comprende porciones individuales de articulos alimenticios para consumo diario;

(i) el kit comprende porciones individuales de articulos  alimenticios para la
suplementacién de la dieta diara de un sujeto;

(ii) el kit que comprende una etiqueta que comprende al menos una indicaciéon de la
conveniencia de los modulos o envases para un consumidor con un perfil 0 grupo
dietético especifico;

{iv) el kit comprende una indicacion del limite superior del consumo diario promedio de

articulos en el kit o médulo; o

(v) la etiqueta se anexa al envase del kit o médulo.

15. Un sistema computarizado para implementar computacionalmente el proceso de
conformidad con cualquiera 0 mas de las reivindicaciones 3 y 5 a 13, caracterizado
porque comprende:

(a) un dispositivo de computadora que tenga una memoria;

(b) un dispositivo: de entrada por ingresar‘ la informacion que se relacione con la

ingesta diaria actual del sujeto en la memoria;

(c) una base de datos en la memoria para almacenar la informacién;

(d) un primer programa de aplicaciones, para la ejecuciéon en el dispositivo de

computadora, por determinar un grupo de dieta del sujeto correspondiente a la

ingesta dietética actual del sujeto; en donde opcioné!mente el grupo de dieta del sujeto se:
(i) predetermina e ingresa directamente‘en el dispositivo de computadora; y/o

(i) determina ya sea manual o computacionalmente; y/o

(iii) selecciona de basado en vegetaleé, basado en mariscas y basado en cames;
(e} una base de datos de nutrientes en la memoria del dispositivo para almacenar los
lineamientos dietéticos con relacién a los grupos de dieta de un sujeto; en donde
opcionalmente la base de datos de nutrientes comprende las variaciones adecuadas
para el consumo dietético diario promedio de nutrientes correspondiente a cada grupo
de dieta, y/o las variaciones adecuadas para un consumo dietético diario de
carbohidratos, proteina, vitaminas, minerales y fitoquimicos;

{fyuna base de conocimientos en la memoria que tenga reglas por manipular la .

informacion en la base de datos para proporcionar un programa dietético futuro
recomendado para el usuario, el programa comprende uno © mas nutrientes
seleccionados de antioxidantes, fitoquimicos, fitosteroles, vitaminas y minerales en

cantidades que optimicen los nutrientes dietéticos para proporcionar un efecto benéfico




al sujeto, cuando se obtienen a partir de los alimentos listados en programa al menos el
25% u opcionalmente al menos el 70% de las calorias diarias promedio del sujeto;

{(g) un segundo programa de aplicacién, para ejecucién en el dispositivo de computadora,
para aplicar las reglas en la base de conocimientos para la informacion en la base de
datos y a los lineamientos en la base de nuirientes y para generar un programa de
nutricion para el usuario en una base de resultados; y

(h) medios para transferir el contenido de la base de resultados, bajo la direccidn
del programa de aplicaciones,

en donde el contenido del programa de nutricion comprende un listado de alimentos
particulares sugeridos para el consumo diario por el sujeto,
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Abstract Lipids are produced, transported, and recognized
by the concerted actions of numerous enzymes, binding pro-
teins, and receptors. A comprehensive analysis of lipid mol
ecules, “lipidomics,” in the context of genomics and pro-
teomics is crucial to understanding cellular physiology and
pathology; consequently, lipid biology has become a major
research target of the postgenomic revolution and systems
biology. To facilitate international communication about lip-
ids, a comprehensive classification of lipids with a common
platform that is compatible with informatics requirements
has been developed to deal with the massive amounts of data
that will be generated by our lipid community, As an initial
step in this development, we divide lipids into eight catego-
rics (fatty acyls, glycerolipids, glycerophospholipids, sphin-
golipids, sterol lipids, prenol lipids, saccharolipids, and paly-
ketides) containing distinct classes and subclasses of molecules,
devise a common manner of representing the chemical struc-
tures of individual lipids and their derivatives, and provide
a 12 digit identifier for each unique lipid molecule. The lipid
classification scheme is chemically based and driven by the
distinct hydrophobic and hydrophilic elements that com-
pose the lipid. BB This structured vocabulary will facilitate the
systematization of lipid biology and enable the cataloging of
lipids and their properties in a way that is compatible with
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"The goal of collecting data on lipids using a “systems hi-
ology” approach to lipidemiics requires the development
of a comprehensive classification, nomenclaoure, and chem-
ical representation system to accommodate the myriad lip-
ids that exist in nature. Lipids have becn loosely defined
as biological substances that arc generally hydrophobic in
nature and in many cases soluble in organic solvents (1).
These chemica) properties cover a broad range of mole-
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cules, such as fawy acids, phospholipids, sterols, sphingolip-
ids, terpenes, and others (2). The LIPID MAPS (LIPID Me-
tabolites And Pathways Strategy; hetp://wwwlipidmaps.org),
Lipid Library (hep:/ /lipidlibrary.co.uk), Lipid Bank (hup://
lipidbank jp), LIPIDAT (hutp://www.lipidat.chemistry.ohio-
state.edu), and Cyberlipids (http://www.cyberlipid.org)
websites provide useful online resources for an overview of
these molecules and their stuctures. More accurate defi-
niuons are possible when lipids are considered from a
structural and biosynthetic perspective, and many differ-
ent classification schemes have been used over the years.
However, for the purpose of comprehensive classification,
we define lipids as hydrophobic or amphipathic small
molecules that may originate entrely or in part by car-
banion-based condensations of thioesters (fatty acids,
polyketides, etc.) and/or by carbocation-based condensa-
tions of isoprene units (prenols, sterols, etc.). Addition-
ally, lipids have been broadly subdivided into “simple” and
“complex” groups, with simple lipids being thosc yielding
at most two types of producis on hydrolysis (c.g., faiy ac-
ids, sterols, and acylglycerols) and complex lipids (e,
glycerophospholipids and glycosphingolipids) vielding three
or morc products on hydrolysis. The classification scheme
presented here organizes lipids inte well-defined catego-
ries that cover eukaryotic and prokaryotic sources and
that is cqually applicable to archaea and synthetic (man-
made) lipids.

Lipids may be categorized based on their chemically func-
tional backbone as polyketides, acylglycerols, sphingolip-
ids, prenols, or saccharolipids. However, for historical and
bioinformatics advantages, we chosc to separate fatty acyls
from other polyketides, the glycerophospholipids from
the other glycerolipids, and sterol lipids from other pre-
nols, resulting in 2 total of eight primary categories. An
important aspect of this scheme is that it allows for subdi-
vision of the main categories into classes and subclasses to
handle the existng and emerging arrays of lipid struc-
tures. Although any dlassification scheme is in part subjce-
tive as a result of the structural and biosyntheric complexity
of lipids, it is an essential prerequisite for the organization
of lipid research and the development of systematic meth-
ods of data management, The classification scheme pre-
sented here is chemically based and driven by the distinct
hydrophobic and hydrophilic elements that constitute the
lipid. Biosynthetcally related compounds that are not
technically lipids because of their water solubility arc in-
cluded for completeness in this classification scheme,

The proposed lipid categorics listed in Table 1 have
names that are, for the most part, well accepted in the lit-
erature. The fatty acyls (FA) are a diverse group of inole-
cules synthesized by chain elongation of an aceryl-CoA
primer with malonyl-CoA (or methylmalonyl-CoA} groups
that may contain a cyclic funcuonality and/or are substi-
tuted with heteroatoms. Structures with a glycerol group
are represented by two distinct categories: the glycerolip-
ids (GL), which include acylglycerols but also encompass
alkyl and 1 Zalkenyl variants, and the glycerophospholipids
{GP), which are defined by the presence of a phosphate
{or phosphonaie) group esterified o once of the glycerol
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hydroxyl groups. The sterol lipids (ST) and prenol lipids
{PR) share a common bissynthetic pathway via the poly-
merization of dimethylallyl pyrophosphate/isopentenyl
pyrophosphate but have obvious differences in terms of
their eventual structure and function. Another welldefined
category is the sphingolipids (SP), which contain a long-
chain basc as their corc structure. This classification does
not have a glycolipids catcgory per se¢ bul rather places
glycosylated lipids in appropriate categories based on the
identity of their core lipids. It also was necessary to define
a category with the term “saccharolipids” {SL) to account
for lipids in which fatty acyl groups arc linked direcily o a
sugar backbone. This SL group is distinct from the temm
“glycolipid” that was defined by the Internadonal Union
of Pure and Applied Chemists (IUPAG) as a lipid in which
the fatty acyl portion of the molecule is present in a glyco-
sidic linkage. The final category is the polyketides (PK),
which are a diverse group of inetabolites from plant and mi-
crobial sources. Protein modification by lipids (e.g., fatty acyl,
prenyl, cholesterol) occurs in nature; however, these pro-
teins are not included in this database but are lsted in
protein databases such as GenBank (http:/ /www.ncbi.nlm.
nih.gov) and SwissProt (http://www.ebi.ac.uk/swissprot/).

LIPID NOMENCLATURE

A naming schemc must unambiguously define a lipid
structure in a manner that is amenable to chemisis, biol-
ogists, and biomedical researchers. The issue of lipid no-
menclature was last addressed in detail by the Inter
national Union of Pure and Applied: Chemists and the
International Union of Biochemistry and Molecular Biol-
ogy {IUPACIUBMB) Commission on Biochemical No-
menclature in 1976, which subsequently published its rec-
ommendadons (3). Since then, a number of additonal
documents retating to the naming of glycolipids (4), pre-
nols (5), and steroids {6) have been released by this com-
mission and placed on the ITUPAC wabsite (hup://www.
chem.qmul.ac.uk/iupac/). A large number of novel lipid
classes have been discovered during the: last three decades
that have not yet been sysiematically named. The present
classification includes these new lipids and incorporates a
consistent nomenclature.

It conjunction with our proposed classification scheme,
we provide examples of systematic (or scmisystemaiic)
names for the various classes and subclasses of lipids. The
nomenclawre proposal follows exisling [UPAC-IUBMB
rules closcly and should not be viewed as a competing for-
mai. The main differences involve @) clarificadon of the
use of core structures 1o simplify systematic naming of
some of the more complex lipids, and ) provision of sys-
tematic names for recenddy discovered lipid classes.

Key feawres of our lipid nomenclamre scheme are as
follows:

a) The use of the stereospecific numbering (sn) method
to describe glycerolipids and glycerophospholipids (3). The
glycerol group is typically acylawed or alkylated at the sl
and/or sn2 position, with the exception of some lipids
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TABLE 1. Lipid categories and examples

Category Abbreviation Examplc

Fatry acvls FA dodecanoic acid

Glycerolipids GL 1-hexadecanoyl-2-(9 Zoctadecenoyl)-seglycernl
Clycerophospholipids GP i-hexadecanoyl-2-(9 Zoctadecenoyl)-seglycero-3-phosphocholine
Sphingolipids §p M(tetradecanoyl)sphing-d-cnine

Sterol lipids ST cholest-5-en-3p-ol

Prenal lipids PR 2E 6Efamesal

Saccharolipids SL UDT-3-0(3 Rhydroxy-teiradecanoyl)-an-Macetylglucosamine
Polykerides PK aflatoxin By

that contain more than one glycerol group and archaebac-

terial lipids in which sn-2 and/or s»3 modification occurs. -

# Definition of sphinganine and sphing-4-enine as core
structures for the sphingolipid category, where the D-erythro
or 2531 configuration and 4E geometry {(in the case of
sphing-4-cnine} are implied. In molecules containing ste-

reochemistries other than the 25,3R configuration, the full

o
P N e \/\)j\oﬂ

(2} Faity Acyls: hexadecanoic acid
/i sn-1  gn-d ?
P P T e U Sy
0
_.f\/"\/“v'\\—/’\/\/\/\r
o

(¢} Glycerophospholipids: 1-hexadecanoyt-2-
{9Z-actadecencyfy-sn-glycera-3-phosphocholineg

P

a N o2 28
25
n
2
3
HO'
() Sterol Lipids: cholesi-5-en-3f-0l
aH 2
HO -0, EKNH
[~ a o )%
0} HN g ||=l NG
HO e
/&*o A g
HO RO o
OH OH

;

A

{a) Saccharolipids: UDP-3-0-(3R-hydroxy
-tetradecanoyl)-uD-N-acetylglucosamine

Fig. 1. Representative structures for each lipid category.

-
*

R Yo O~
o H t

systematic names are to be used instead (e.g., 2Ramino-
1,3 Roctadecanediol).

©) The use of corc names such as cholestane, andro-
stane, and estranc for sterols.

d) Adherence to the names for fatty acids and acyl chains
(formyl, acetyl, propionyl, butyryl, etc.) defined in Appen-
dices A and B of the TUPAC-TUBMB recommendations (3).

(d) Sphingolipids: N-{tetradecanoyl)-sphing-4-enine

/JW’J\/\LL\\V/.\OH

(f) Prenot Liplds: 2€,6E-farnesol

~0

_(h) Polyketides: atiatoxin B1

Faky el al. Lipid classification system 841
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TABLE 2. Format of 12 character LIPID ID

Characters

Description Example
1-2 Fixed database designation ’ LM
=1 Two leter catcgory code FA
-6 Two digit class code 03
-8 Two digit subclass code 02
9-12 Unique four character identifier within subclass 7312

£ The adopion of a condensed text nomenclature for
the glycan portions of lipids, where sugar residues are rep-
resented by standard IUPAC abbreviations and where the
anomenc carbon locants and stereochemistry are included
but the parenthesces are omitted. This systemn has also been
proposed by the Consortium for Functional Glycomics
(http:/ /web.mit.cdu/glycomics/consortium,/main.shunl).

J) The use of £/ Z designatons (as opposed 1o trans/ os)
to define double bond geometry. ‘

£ The use of R/S designations {(as opposed 10 o/B or
n/L} to define stercochemistries. The exceptions are those
describing substituents on glycerol (s} and sterol core
structures and anomeric carbons on sugar residues. In
these latter special cases, the o/f format is firmly estab-
lished, ‘

#) The common term "lyso,” denoting the position iack-
ing a radyl group in glycerolipids and glycerophospholip-
ids, will not be used in systematic names but will be in-
cluded as a synonym.

#) The proposal for a single nomenclature scheme to
cover the prostaglandins, isoprestanes, neuroprostanes,
and rclated compounds, where the carbons panicipating
in the cyclopentane ring closure are defined and where &
consistent chainmumbering scheme is nsed.

7 The “d” and *v” designalions used in shorthand nota-
ton of sphingolipids refer to 1,3-dihydroxy and 1,3 4-tri-
hydroxy long-chain bases, respectively.

LiPID STRUCTURE REPRESENTATION

In addition to having rules for lipid classification and
nomenclagure, it is important to establish clear guidelines
for drawing lipid suructures. Large and complex lipids are
difficult to draw, which leads to the use of shorthand and
unique formals that often generate more confusion than
clarity among lipidologists. We propose a more consistent
format for representng lipid stmictures in which, in the
simplest case of the farty acid derivatives, the acid group
(or cquivalent) is drawn on the right and the hydrophobic
hydrocarbon chain is on the left (Fig. 1}. Notable cxceptions
arc found in the eicosanoid class, in which the hydrocarbon
chain wraps around in a counterclockwise direction to pro-
duce a more condensed structure, Similarty, with regard w
the glycerolipids and glycerophosphdlipids, the radyl chains
are drawn with the hydrocarbon chains to the left and the
glycerol group depicted horizontally with siercochemistey
at the sn carbons defined (if known). The general term
“radyl” is uscd 1o denote cither acyljalkyl, or l-alkenyl sub-
stienls (hup://’wmv.cheln.qmu].ac.ﬁk/iupac/lipid/lip1112.
hunl), allowing for coverage of alkyl dnd 1 Zalkenylglycerols.
The sphingelipids, although they do|nat contain a glyeerol
group, have a similar structural reladonship to the glycero-
phospholipids in many cases and may be drawn with the
C1 hydroxyl group of the long-chain base to the right and
the alkyl portion to the left. This methodology places the
head groups of hoth sphingolipidsjand glyccrophospho-

TABLE 3, Shorthand notation for selected lipid categories

Abbrevialion

Cutegory Class ar Subulass Exanmple®
GP GPCho Glycerophiosphocholines GPChao (16:0/97,12218:2)

or GPaCho Glycerophosphonochalines

GpP GPEtn Glycerophosphoethanolamines

cr GPnEwn Glycerophosphonoethanolunines

;P GPSer Glycerophosphoserines

GP GPGro Glycerophosphoglycerols

GP GPGroP Glycerophosphoglycerophosphates

GP GPIns Glycerophosphoinositols

GP GPlasP Glycerophosphoinositol monophosphates

GP GPInsP, Glyccrophosphoinositol bissphosphates

GP GPInsPy Glycerophosphoinositol tris-phosphaltes

GP GPA Giycerophosphates

GP GPP Glyceropyrophosphates

Gr CL Clycerophosphoglycerophosphoglycerols

GP CDP-DG CDP-glycerols

GP (glycan)GP Glycerophosphoglucosc lipids

GP [gltycan]GPlIns Glycerophosphoinesitelglycans EINP-6Manal—2Manal =6 Manal —4GlcNal-6GPIns (14:0/14:0)
5P Cer Ceramides Cer (d18:1/9816:1)

b SM Phosphosphingolipids SM (d18:1/24:0)

Sp [glycan]Cer Glycosphingolipids ~ NeuAca2—3GalBl —4GIcf-Cer (d18:1/16:0)
GL MG Monorady! glycerols MG (16:0/0:0/0:0)

GL DG Diradyl glycerols DG (18:0/16:0/0:0)

GL TG Trivadyl glycerols TG (12:0/14:0/18:0}

“ Shorthand notation for radyl substituenis in categories GP und GL are presented in the order of 51 10 573, Shorthand notation for category
SP is presented in the order of long-chain base and Macyl substituent. Numbers separated by coluns refer 1o carbon chain length and number of

double bonds, respectively.

B42 Journal of Lipid Rescarch  Volume 46, 2005
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TABLE 4. Fatty acyls [FA] classes and subclasses

TABLE 3. Glycerolipids [GL] classes and subclasses

Fatty acids and conjugares [FA01]
Straight-chain fatty acids [FA0101]
Methyl branched fatty acids [FAG1N2]
Unsawrated faty acids [FA0103]
lHydroperoxy latty acids [FAO0104]
Hydroxy farty acids {FA0105]

Ovxo fauy acids [FA0106]

Epoxy fatty acids [FA0T07)
Methoxy fatty acids [FAQ108]
Halogenated fatty acids {(FA0109]
Amino fatty acids [FA0T10]
Cyano fatly acids [FAO111]

Nitra fatry acids [FA0112]

Thia fatty acids [FAOL13]
Carboeyclic fauty acids [FAN114]
Heterocyclic atty acids [FA0113]
Mycolic acids [FAD116]
Dicarboxylic acids [FA0117)

Qctadecanoids [FAQ2|
12-Oxophytodiennic acid metabolites [FAN201]
Jasmonic acids [FA0202]

Eicosanoids [FAOS]

Prostaglandins [FA0301]

Leukotrienes [FA0302]

Thromhoxanes {[FAD303)

Lipoxins [FA0304] )
Hydroxycicosatricnoic acids [FA0305)
Hydroxyeicosatetraenaic acids (FA0306)
Hydroxyeicosapeniacnoic acids [FA0307]
Epoxyeicosatrienoic acids [FA0308]
Hepoxilins [FA0309]

Levuglandins [FAQ310]

Isoprostanes [FA0311]

Clavulanes [FA0312]

Docosanoids [FAO4]

Fauy atcohols [FA05]

Fatty aldehydes [FAOG]

Fatty esters [FA07)

Wax monocsters [FAQ701)
Wax diesters [FA0702]
Cyano esters [FAQ703)
Lacinnes [FAN704]
Fatty acyl-CoAs (FAD703]
Fauy acyl-acy) carrier proteins (ACPs) [FAOTO6]
Fauy acyl camirines [FAQ707]
Fatty acyl adenylates [FAD708)
Farty amides [FAQ08]
Primary amides [FA0801]
MNAcyl amides [FAORN2]
Fatty acyl homoserine lactones [FA0BD3]
MNAcyl cthanolamides (endocannabinoids) [FA0804)

Fauty nitriles [FA0D)

Fatty ethers [FA10Q]

Hydracarhons [FA117) :

Oxygenated hydrocarbons [FA12]

Other [FAQ0]

lipids on the right side. Although the structures of sterols
do not confonm to these general rules of representation, the
sterol esters may conveniently be drawn with the acyl group
oriented according to these guidelines. In additon, the
linicar prenols or isoprenoids are drawn in a manner anal-
ogous to the fatty acids, with the terminal functional group
on the right side. Inevitably, a number of stnicturally com-
plex lipids, such as acylaminosugar glycans, polycyclic iso-
prenoids, and polyketides, do not lend themselves to these
simplified drawing rules. Nevertheless, we believe that the

adoption of the guidelines proposed here will unify chem- .

ical representation and make it more comprehensihle.

Monoradylglycerols [GLO1]
Monoacylglycerols [GL0101]
Monoalkylglycernls [GLOIOZ]
Mene-(1 Zalkenyh)-glycerols [GLG103]
Monoacylglycerolglycosides [GLO104]
Monoalkylglycerolglycosides {GLO105)

Diradylglycerois {GL02]

Diacylglycerols {GLO201}
Alkylacylglycerols [G1.0202)
Diaikylglycerots [GL0203]

1 ZAlkenylacylglycerols [GL0204]
Diacylglyceralglycosides [GLO0205)
Alkylacylglycerolglycosides [GLO206]
Dialkylglycerolglycosides [GL0207]
Di-glycerol tetracthers [GLO208)
Diglycerol tetracther glycans [GL0209]

Trivadylglycerols [GLO3]
Triacylglycerols [GL0301]
Alkyldiacylglycerols [GLO302]
Dialkylmonoacylglycerols (GLD303]
12-Alkenyldiacylglycerols [GLO304]
Estolides [GLO05]

Other [GLO0]

DATABASING LIPIDS, ANNOTATION,
AND FUNCTION

A number of repositories, such as GenBank, SwissProt,
and ENSEMBL (hup://www.ensembl.org), support nu-
cleic acid and protein databases; however, there are only a
fow specialized databases [e.g., LIPIDAT (7) and Lipid
Rank (8)] that provide a catalog, annotation, and func-
tonal classification of lipids. Given the importance of
these molecules in cellular funcrion and pathology, there
is an imminent need for the creation of a well-organized
database of lipids. The first step toward this goal is the es-
tablishment of an onrology of lipids that is extensible,
flexible, and scalable. Before establishing an ontology, a
structured vocabulary is needed, and the JTUPAC nomen-
clature of the 1970s was an initial step in this direction.

The ontology of lipids must contain definidons, mean-
ings, and interrelationships of all objects stored in the da-
tabase. This ontology is then transformed into a well-
defined schema that forms the foundation for a relational
database of lipids. The LIPID MAPS project is building a
robust database of lipids based on the proposcd ontology.

Our database will provide structural and functional an-
notations and have links to relevant proicin and gene
data. Tn addition, a universal data format (XML} will be
provided to facilitatc exportation of the data into other re-
positories, This database will enable the storage of curated
information on lipids in a web-accessible format and will
provide a community standard for lipids.

An important database field will be the LIPID 1D, a
unique 12 character identifier based on the classificaton
scheme described here. The format of the LIPID 1D, out-
lined in Table 2, provides a systematic means of assigning
unique IDs to lipid molecules and allows for the addition
of large numbers of new categories, classes, and subclasses
in the futare, because a maximum of 100 classes/subclasscs
{00 to 99) may be specified. The last four characters of the

. Fakyetal. Lipid classification system 843
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(o]
/\/\/\/\/\N\)LOH
(a) Straight chain fatty acids: hexadecanoic acid

\/\/\\/‘\/ﬁ\/"\/\/\/u\oﬂ

() Unsaturated fatty acids: 9Z-octadecencic acid

(@) Oxo fatly acids: 2-0xo-decana:c acid

W\/\/\A/\Ij\OH

OCHy

(9) Methoxy fatty aclds: 2-methoxy-52-hexadecenoic acid

(i) Hydroparcxy fatty acids: 138-hydroperoxy-
9Z,11E-octadecadianoic acid

W
s} OH

{k} Helarocyclic fatty acids: B-{5-hexyl-furan-2-yl)-octanoic acid

0N o

(m} Nitro fatty acids: 10-nitro,92,12Z2-octadecadiencic acid

Q

HO.
H.

o

(o) Dicarboxylic acids: 1,8-octanedioic acid

Fig. 2. Representative structures for fatty acyls.

ID consttute a unique identfier within a particular sub-
class and arc randomly assigned. By initially using numeric
characters, this allows 9,999 unique IDs per subclass, but
with the additional use of 26 uppercase alphabelic charac-
ters, a total of 1.68 million possible combinations can be
generated, providing ample scalability within each sub-
¢lass. In cases in which lipid stmiciures are obtained from
other sources such as LipidBank or LIPIDAT, the corre-

844 Journal of Lipid Research  Volume 44, 2005

{b) Methy! branched fatty acids: 17-nethyt-6Z-cctadecenoit acid

=]

H

{d) Hydroxy fatty acids: 2S-hydroxy-tetradecancic acid

() Epoxy fatty acids: 6R, 75-spoxy-octedacanoic acid

o]

{h) Thia fatty acids: R-Lipoic acid; 1 «2-gdithigtane-3R-pentanoic acid

\/\/\%{/\/\/\/\iou

(i) Carbocyclic fatty acids: lactobacillic acid; 11R,12$:msethylene-

octadecanoic acid
I
WOH
NH5

{i) Amino fatty acids: 25-amino-tridecanpic acid

Br <

WI\\)\OH

{n} Halegenated fatty acids: 3-bromo-2Z-heplengic acid

sponding 1Ds for those dawbases will be included o en-
able cross-referencing. The Arst two characiers of the [D
contain the database idendfier (e.g., LM for LIPID MAPS),
although other databases may choose to use their own two
character identifier (at present, LB for Lipid Bank and LD
for LIPIDAT) and assign the last four or more characters
uniquely while retaining characiers 3 w 8, which pertain
to classification. The corresponding IDs of the other data-
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S
i
OH

(p) Proslaglandis: Prostaglardin A1;
158-tytraxy-Soxe-102 1 3E-prastadlande acld

q) Loukadrisnes: Laskoirieng B,
351 ZRdlhydrc-y-ez.aEmEMz-emmenohnm

(r) Theovrbosanes: Thrombaxane AZ;
9S,115-epax v, 155-hydroxy-Biromboxe. 52,138 -den-1-olc acid

."%0!

(i) E usatienoit acids
DOXY - E,aznz—ekmddendc acid

¥
3
H
&
OH
gv) Levugiending: LGE2;
0, 1%-aeco-0,11-dox 0. 155-hydroxy-52 1 IE.prostadiendc acd

Fig. 2. Continued.

bases will always be included to enable crossreferencing,
Further details regarding the nwmbering system will be
decided by the International Lipids Classification and No-
menclature Committee (sce below). In addition to the
LIPID ID, each lipid in the database will he searchable by
classification (category, class, subclass), systematic name,
synonym(s), molecular formula, molccular weight, and
many other parameters that are part of its ontology. An
important feature will be the databasing of molecular struc-
turcs, allowing the user o perform web-based substructure
searches and structure retrieval across the database. This

aim will be accomplished with a chemistry cartridge soft--

ware component that will enable structures in formats
such as MDL molfile and Chemdraw CDX to be imported
directly into Oracle database (ables.

53 Lipoxns: Lipaxin A:

155—rﬁmey-TE.BE 12,13E-picosatatramoic aczu

{u) Hopox lina; Hepodlin A3,
8R-hydoxy-11R 125‘ewx)-57.5E 14Z-gkcosatriencic acd

(w} Isoprostanes: 85.118,155-ithydroxy 52, 13E-prstadienck acid-cyck[85, 12R]

"Furthermore, many lipids, in particular the glycerolip-
ids, glycerophospholipids, and sphingolipids, may be con-
veniently described in terms of a shorthand name in which
abbreviadons are used to define backbones, head groups,
and sugar units and the radyl substitucnts are defined by a
descriptor indicating carbon chain length and number of
double bonds. These shorthand names lend themselves to
fast, efMicient ext-hased searches and are used widc]y in
lipid research as compact alternatives to systematic names.
The glycerophaspholipids in the LIPIDAT database, for
example, may be conveniently scarched with a shorthand
notation that has been extended to handle side chains
with acyl, ether, branched-chain, and other functional
groups (7). We propose the usc of a shorthand natation
for sclecied lipid categorics (Table 3) that incorporates a

Fahy el al.  Lipid classification system B45
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mw

{x) Octadecanclds: 12-ux%)n1{!1:dlundc acid mata bol tes:
(4R, 13R M1 2-0x0piwio-102,1 SZ-dlencic ackd

{z) Docosmoids: Nawroprostanas: 45-hyoray-§-oxn
(5,82 132, Y62 197 reumprosiapentaencic ach-cycio?S,115)

{y) Octadecanoids: Jasmonic acide: [psmonke add; (1R, ZR)-3-0x0-2- (pent:
22-gnyly eyt cpentangacetc acid

MR e W e N

{an) Falty alcchots: dodecanal

{eb) Faity g'dehydes: heptane!

/\/\/\/\/(iq )
{ad) Fany amides Faity acyl homoserine | acionas:
N 3-oagcmemnoynrl¥onc€mma lactong

(af) Fatty niriies: 42,72 10Z-octadecatie nankria

{ac) Fany amidss; N-ecy! amides: ¢ooscanomide

{as) Fatly am dos: N-acyl sthanolamides {endocannabinoids):
Anandamids; N-(52,62,112, 142 -eicosalatraenoyt pethenclamin

{ag) Hydrocarhona: irigecans

NV\/WVW\M

{27} Oygenaied hy Fomons: MOMmoDsan-2-one

Fig. 2. Continued.

cendensed text nomenclatare for glycan substituents. The
abbreviations for the sugar units follow the current 1U-
PACIUBMB recommendations (4).

LIPID CLASSES AND SUBCLASSES

Fatty acyls [FA}

The fatty acyl structure represents the major lipid building
block of complex lipids and therefore is one of the most fun-
damental categorics of hiological lipids. The fauy acyl group
in the faury acids and conjugates class (Table 4) is character-
izcd by a repeating series of methylene groups that impart
hydrophobic character (o this category of lipids. The first
subclass includes the straight-chain saturated fatty acids con-
taining a terminal carboxylic acid. It could also be considered
the most reduced end product of the polyketde pathway.
Variants of this structure have one or more methyl substit-

846  Journal of Lipid Rescarch  Volume 46, 2005

uenis and encompass quite complex branched-chain fary
acids, such as the mycolic acids. The longest chain in
branched-chain fauy acids defines the chain length of these
compounds. A considerable number of variations on this
basic structure occur in all kingdoms of life (9-12}, includ-
ing fany acids with one or more double bonds and even
acetylenic {triple) bonds. Heteroatoms of oxygen, halogen,
nitrogen, and sulfur are also linked 1o the carbon chains in
specific subclasses. Cyclic fatty acids containing three to six
carbon atoms as well as heterocyclic rings containing oxy-
gen or nitrogen are found in nature, The cyclopentenyl fauy
acids are an example of this latter subclass, The thia fary
acid subclass contains sulfur atom (s} iri the fauy acid struc-
ture and is exemplified by lipoic acid and biodn. Thiols
and thioethers are in this class, but the thioesters arc placed
in the ester class because of the involvement of these and
similar esters in {atry acid mewabolism and synthesis,
Scparate classes for more complex fatty acids with mul-
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S COSOOSD;

{al} Wax monoestars: 1-hexadecyl hexadecanoate

g
/\/\)’I\S/\/N

{ak) Lactonas: 11-undecanolactone

OH
/Tg

{am} Fatty acyl camitings; O-hexanoyl-R-camitine

(ao) Wax digsters: 28,3R-didecanoyl-docosane-2,3-dio!

Fig. 2. Continued.

tiple functional groups (but nonbranched) are designated
by the total number of carbon atoms found in the critical
biosynthetic precursor. These include octadecanoids and
lipids in the jasmonic acid pathway of plant hormone bio-
synthesis, even though jasmonic acids have Jost some of
their carbon atoms from the biochemical precursor, 12-ox0-
phytadienoic acid (13), Eicosanoids derived from arachi-
donic acid include prostaglandins, lcukotrienes, and other
structural derivatives (14). The docosanoids contain 22
carbon atoms and derive from a commeon precursor,
docosahexaenoic acid (15). Many members of these sepa-
rate subclasses of more complex fauty acids have distinct
biological activities,

Other major lipid classes in the fauy acyl category in-
clude fatty acid esters such as wax monoesters and diesters
and the lactones. The [auy ester class also has subclasses
that include important biochemical intermediates such as

\/\/\/\/z\/\/\/\j\o =N
X
(aj) Cyano esters: 1,3-di-{octadec-8Z-anoyl)-1-cyano-2-
methylene-propane-1,3-diol

N
wnon g oo KA

N P P
4
T\/ mo d Q.

CH OH
(an) Fatty acyl adenylates: O-hexanoyl-adenosine
monophosphate

fatty acyl thicester-CoA derivatves, faty acyl thioester-acyl
carricr protein (ACP) derivatives, faity acyl carnitines (es-
ters of camnitine), and fauwy adenylates, which are mixed
anhydrides, The fauy alcohols and fauy aldehydes are wyp-
ified by terminal hydroxy and oxo groups, respectively.
The fatry amides arc also Matty acylated amines and un-
substituted amides, and many simple amides have interest-
ing biological activities in various organisms, Fatty acyl ho-
moserine Jactones are fatty amides involved in bacterial
quorum scnsing (16).

Hydrocarbons are included as a class of fatty acid deriv-
atives because they correspond to six electron reductian
products of fatty acids that may have been genecrated by
loss of the carboxylic acid from a fatty acid or fatty acyl
moiety during the process of diagencsis in geological sam-
ples. Long-chain cthers also have been observed in nature.
Chemical strictures of the fatty acyls are shown in Fig. 2.

Fahy e of.  Lipid classification system 847
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’ (o]
’/\\/\\/,/\V/\\/\)"%__/\ES*/\OH
HG

{a} Monoradylgylcerols: Monoacylglycerols:
1-dodecanoyl-sn-glycerol

P Ve N N e A
\qcl/o

(c) Diradylglycero!s: Alkylacylgtycerols:
1-O-hexadecyl-2-(9Z-octadecenoyl)-snglycerct

/\/\/\/\/\j\o/\_f0

' \/“\/\./\/"\/‘\/’\/\[(O
0

(e} Triradylglycerols: Tricylglycerols:
1-dodecanoyl-2-hexadecanoyl-3-octedecancyl -sn-glycerol

N oH

0
NWW\/\)LO/E(\OH
/\/\/\/\:/\/\,/\/\rr H

o]
{b} Diradylgtycerols: Diacylglycerols:

1-hexadecanoy!-2-(9Z-octadecencyl)-sm-glycerol
\/\/\/’\/\/\\/:\O/Y\OH

/\/\/\/E/\/‘\/\/\[rd”
Q

(d) Diradylglycercls: 12-alkenylacyligtycerols:
1-0~(1Z-talradaceny!}-z-(Bz-octadacenoy\)-sn-glycamt

o

G OH
L2
— — — OK
\/VWW\')J\O/X’\O\ZO \jOH
— — — ’\/\/Té H

(1) Diradylglycerols: Dlacylglycercl glycans:
1,2 di-{(92,122 15Z-cctadecatriencyl)-3-0-f-D-galactosyl-s»-glycerot

]

Mo o

OH%_, . =z T
oM™ OH b H :

Q
OH O

{h} Diradylglycerals: Di-glycerol tetracther glycans:
gentiobiosyl-catdarchaeol; Glef1-6Glef-caldarchaeol

Fig. 3. Representative struclures for glycerolipids.

Glycerolipids (GL]

The glycerolipids essentially encompass all glycerol-con-
wining lipids. We have purposely made glycerophospho-
lipids a separate category because of their abundance and
importance as membrane consttuentss, metabolic fuels,
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and signaling molecules. The glycerolipid category (Table
5} is dominated by the mono-, di- and tri=substituted glyc-
erols, the most wellkknown being the 'fatt}r acid esters of
glycerol (acylglycerols) (17, 18). Additional subclasses are
represented by the glycerolglycans, which are character-
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TABLE 6. Glycerophoespholipids [GP] classes and subclasses

TABLE, 6, (Conlinued)

Glyceraphnsphocholines [GPO1]

Di:lcy]glyccrophosphocholincs [GPDL01]

1-Alkyl 2-acylglycerophosphocholines {GPO102]

1 ZAlkenyl, 2-acylglycerophosphocholines [GP0103]

Dialkylglycerophasphocholines {GP0104 |

Monoacylglycerophosphocholines [GP0105]

1-Alkyd glycerophosphocholines {GP0O10G)

1 ZAlkenylglycerophasphachalines [GP0107]
Glycerophosphocethanolamines [GP02]

Diacylglycerophosphoeithanolamines [GP0201t]

1-Alkyl. 2-acylglyeerophosphoethanolamines (GP0202]

1 ZATkenyl 2-acylglycerophosphocthanolamines | GPO203]

Dialkylglycerophosphoethannlamines [GP(204]

Monoacylglycerophosphoethanolamines [GP0205)

I-Alkyl glyceraphnsphogthanalamines {GP0206]

1 ZAlkenylglycerophosphoethanolamines (GP0207]
Glycerophosphuoserines [GP03|

Diacylglycerophosphoserines [GP0301§

1-Alkyl,2-acylglycerophosphoserines (GP0302]

1 ZAlkenyl 2-acylglycerophosphoserines [ GPOSOS)

Dialkylglycerophosphoserines [GP0304]

Monoacylglyccrophosphoserines [GP0305]

1-Alkyl glycerophosphoserines {GP0306]

1 Z-Alkenylglycerophosphoserines (GP0307]
Glycerophosphoglycerols [GP4]

Diacvlglycerophosphoglycerols (GP0401)

1-Alkyl 2-acyiglycerophosphoglycerals [GP0402]

1ZAlkenyl, 2-acylglycerophosphogiycerols [GP0403]

Dinlkylglycerophosphoglycerels {GP(404]

Monoacylglycerophosphoglycerols [{GP0405]

T-Alkyl glycerophosphoglycerols (GP0406]

| ZAlkenylglycerophosphioglycerols [GP0407)

Diacylglveeraphosphodiradylglycerols [GP0408]

Diacylglycerophosphomonoradylglycerols [GP0109]

Monoacylglycerophosphomonoradyiglycerols [GPG4i0]
Glycerophosphoglyce rophosphates {GP05]

Diacylglycerophosphoglycerophosphates [GPO501)

L-Alkyl.2-acylglycerophosphoglycerophosphates [GP0502]

1 ZALkenyl, 2acylglycerophosphoglycerophosphates [ GP0503)

Dialkylglycerophosphoglycerophosphates {GP0504]

Monoacylglycerophosphoglycerophosphates { GP0505)

1-Alkyl glycerophosphoglycerophosphates [GP0506)

[ ZAlkenyiglycerophosphoglycerophosphates [GPG507]
Glycerophosphoinnsitnls [GP06}

Diacylglycerophosphoinositols [GPO601]

1-Alkyl 2-acylglycerophosphoinasitols [GI'0602]

1 ZAenyl, 2-acylglycerophosphoinositols [GPNGAS]

Dialkylglycerophosphoinositols [GP0604]

Maonoacylglycerophosphoinaosiiols {GP0A0S)

1-Alkyl glycerophasphoinositols [GP0O606]

1 ZAlkenylglycerophosphoinositols (GPOG0T|
Glycerophospheinesite] monophosphates [GP07]

Diacylglycerophesphoinositol monophosphates (CP0701]

1-Alkyl, 2-acylglycerophaosphoinositol monophosphates [GPO702]
1 ZAlkenyl, 2-acylglycerophosphoinositol monophosphates (GP0703)

Dialkylglycerophosphoinositol monophosphates (GP0704]

Moenoacylglycerophosphoinasitol monophosphates [GP0705]

1-Alky! glycerophosphoinositol monophosphates [GPO706]

I ZAlkenylglycernphoesphoinasitol monophesphates (GPO707]
Glycerophosphainasitol bisphosphates [GP08]

Diacylglycerophosphoinositol bisphosphates (GP0801 ]

1-Alkyl,2-acylglycerophosphoinesitol bisphasphates [ GP0802]

I ZATkenyl, 2-acylglycerophosphoinositol bisphosphates [ GP0S03)

Monnacylglycerophosphainasitol bisphosphates [GPOB04]

i-Alkyt glycerophosphainositol bisphosphates [GPOB05]

1 ZAlkenylglycerophosphoinositol hisphosphates {GPN806]
Glycerophosphoinositol trisphosphates [GPOJ]

Diacylglyccrophospheinositol trisphosphates [GI'0901 |

1-Alkyl,2-acyiglycerophosphioinositol trisphosphates [ GP0902]

1 ZAlkenyl, 2-acylglycerophosphoinasitol trisphosphates [GP0903)

Monoacylglycerophosphainasitol trisphosphates {GP0904]
1-Alkyl glycerophosphoinositol trisphosphates [GP0905]
| ZAlkenylglycerophosphainesitol trisphosphates [GP0906)

Giycerophosphates (GP10]
Diacylglycerophosphates [GP1001]
1-Alkyl, 2-acyiglyeerophosphates [GP1002]
| ZAlkenyl 2-acylglycerophosphates [GP1003]
Dialkyliglycerophosphutes [GP1004|
Monoacylglycerophosphates (GP1005]
1-Alky! glyceraphosphates [GP1006)
1 #Alkenylglycerophosphates [GF1007]
Glyceropyrophosphates [GP11]
Diacyiglyceropyrophosphates [GPLI0L]
Monoacylglyceropyrophosphates (GPT102]
Glycerophosphoglycerophosphoglycerols {cardioliping) (GPE2]
Diagylglycerophosphoglycerophnsphodiradylglycerols [GP1201]

Diacytglycerophosphoglycerophosphomonoradylglycerols [GP1202)
1-Alkyl, 2-acylghyceraphosphoglycerophesphodiradylglycerols [GP1203]
1-Alkyl, 2-acylglycerophosphoglycerophosphomonoradylglycerols

[GP1204]

1Z-Alkenyl,2-acylglycerophosphogiycerophosphodiradylglycerols

(GP1205]

17-Alkenyl, 2-acylglycerophasphoglycerophosphomanoradylglycerols

[GP1206]
Monoacylglycerophosphoglycerophosphomonoradylglycerols
[GP1207]

1-Alkyl glycerophosphoglycevophasphodiradylglycerols {GP1208)
1-Alkyl glycerophasphoglycerophosphamanaradviglycerals [GP1209)
1 ZAlkenylglycerophosphoglycerophosphodiradylglycerols [GP1210]

[ ZAlkenylglyceraphosphoglycerophosphomenoradylglycerols
[GP1211]
CDPglycerols [GPL3] .

CDP-diacylglycernls [GP1301]

CDP-1-alkyl, Z-acylglycerols [GP1302]

CDP-1 Zalkenyl 2.acylglycerols [GP1303]

CDP-dialkylglycerols [GP15304]

CDP-moneacylglycerols [GP1305]

CDP-1-alkyl glycerois {GP1306]

CDP-1Zalkenylglycerols [GP1307}
Glycerophosphoglucose lipids [GP14]

Diacylglycerophasphoglucase lipids [GP1401]

1-Alkyl,2-acylglycerophosphoglucose lipids [GP1402]

1 Z-ATkenyl Z-acylglycerophosphoglucose lipids [GP1403]

Monoacylglycerophosphogiucose lipids {GP1404]

1-Alkyl glycerophaosphoglucose lipids [GP1405]

1 ZAlkenyiglycerophasphoglucose lipids [GP1406]
Glyceraphasphoinasitolglycans [GP15]

Diacylglycerophosphoinasitolglycans {GP1501)

1-Alkyl, 2-acylglycerophosphoinositolglycans [GP1502]

1ZAlkenyl, 2-acylglycerophonsphoinesitolglycans [GP1503]

Monoacylglycerophosphoincsitolglycans (GP1504]

1-Alkyl glycerophaspheinositnlglycans [GP1505]

1 ZAlkenylglycerophosphoinositolglycans (GP1506]
Giycerophosphonocholines |GP16]

Diacylglycerophasphonocholines [GP1601]

1-Alkyl 2-acylglycerophosphonacholines | GP1602]

1 ZAlkenyl 2-acyiglycerophasphonocholines [GP1603]

Dialkylglycerophosphonocholines [GP1604]

Monoacylglycerophosphonocholines [GP1605]

1-Alkyl glycerophasphonocholines (GP1606]

1 ZAlkenylglycerophosphonacholines [GP1607]
Glycerophosphonaethanolamines [GPT7]

Diacylglycerophosphonocthanolamines [GP1701]

1-Alkyl 2-acylglycerophosphonocthanolamines [GP1702]

1 ZAlkenyl,2-acylglycerophosphonoethanalamines [GP1703)

Dialkylglycerophosphonocthanolamings { GP1704]

Mannacylglvcerophosphonocthanolamines [GP1705]

1-Alkyl glycerophosphonocthanolamines {GP1706]

1 ZAlkenvglycernphosphonocthanalamines [GP1707]
Diglycerol tetracther phospholipids (caldarchacols) (GP18]
Glycerolnonitol teiracther phospholipids [GP19]
Oxidized glycerophospholipids {GP20]

Other (GPOO0)]

Fahy et ol Lipid classification system
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{2) DiacyRglycatophosphocholines:
1-hexadechnoyl-2-{9Z-octatecenoyilsngiytero.S-phosphothsine

/\/\/\/\/\N\/ﬁ\) i
JL‘\/\
/W\/\_/\/\/\/\ﬂ:}i\u:u e
(¢} Diacytptycerophasphoethanatamines:
S-hexadetanoyl-2- (97 -octadecenoyl)-sn.ghycaro-3-phosphosthanolamine

Q
/\/\/\/\/\/\/\/ﬂ\ A S
/\N\/w\/\/;];}{\ oﬂ“o\)ﬁwz
{e) Diacylgtycerophosphoserines:
1-h voyl-2.(9Z-oclack

yl})-srrglycard-3-phasphoganne

fesesar s a s

() Ciacylglycernphosphoglycerophosphates:
1-hexadecanoy-2-(BZ-octadecancyly-sn-glycard-3-phospho-( 1'-sn-glycetel-3-phosphate)

/\N\/\/\W%ﬁm
/\/\/\/\:/\/\/\/\Lr

1) Diecy'glycerophosphoinosiicimonaphosphates:
{-hExac WENEFS d Vi)

(k) Diacylglyceropyrophosphates:
1-hexedacanoyl-2-(9Z-octadecenoyl)- sn-glycero: 3-pyrophosphate

Fig. 4. Representative structures for glycerophospholipids.

ized by the presence of one or more sugar residues ar-
tached o glycerol via a glycosidic linkage (19). Examples
of structures in this category are shown in Fig. 3. Macrocy-
clic ether lipids also occur as glycerolipids in the mem-
branes of archaebacteria (20).

Glycerophospholipids [GP)

The glycerophospholipids are ubiquitous in nature and
are key components of the lipid bilayer of cells. Phospho-
lipids may be subdivided into distnct classes (Table 6)
based on the nature of the polar “head group” at the sn-3
position of the glycerol backbone in eukaryotes and eu-
bactcria or the sn-1 position in the case of archaebacteria
{21). In the case of the glycerophosphoglycerols and glyc-
erophosphoglycerophosphates, a second glycers] unit cot-
stitutes part of the head group, whereas for the glycero-

850 Journal of Lipid Research Volume 46, 2005

piycens-3-phospho-(1'myo-nasitol-3'phosphata)

{t) Diacyiglycerophosphanachotines;
‘thexadecanoyl-2-{92-0c1adecenayl)-sn-glycero-3-phasphonachaking

ot

(d) Diseviplycertphosphoncethanadamines:
1-h yayl-2-(BZ-elac 10yl)-6n-glycard-3-phosphcnoelhanoiaming

{1} Diagylglycaraphesphoglycerols:

1-h yh2+(92- decanoyl) tA-glycer-3-phosphod 1 - sn-glycarol)

/\‘/\/\/\/\/\/\)L & =
/M/\/\/\Wd %

{h) Diacylgtycerophosphoinositols:

1-h yh2-{9Z. woyl) sr-glycero-3-phospha-{ 1 - fipo-inosliol);

(i} Diacylgtycerophasphales (phosphatdic acids):
- 1hexadecancyt-2-(9Z-eotacoconoy)- sn-glyceto-3-phasphate

{1y CDP-dlacylglyserois:;
1-h oyl-2-(92. d Qyt)- sr-glycerg-3-cytidne-5'tiphosphate

phosphoglycerophosphoglycerols (cardiolipins), a third
glycerol unit is typically acylated at the sn-1" and 522" posi-
tions to create a pseudosymmetrical molecule. Each head
group class is further differcntiated on the basis of the sn-1
and sn2 substituents on the glycerol backbone. Although
the glycerol backbone is syinmetrical, the second carbon
becomes a chiral center when the s=-1 and's#3 carbons have
different substituents. A large number of trivial names are
associated with phospholipids. In the systematic nomen-
clature, mono/diradylglycerophospholipids with different
acyl or alkyl substituents are designated by similar conven-
tions for naming of classes (see below) and are grouped ac-
cording to the common polar moicties (i.e., head groups).

Typicaily, one or both of these hydroxyl groups are
acylated with long-chain fatry acids, but there are also al-
kyl-linked and 1Zalkenyllinked (plasmalogen) glycero-
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(m} Diacylglycarophosphomonoradytglycerots:
1,2.ditetradecanoyl- sn-glycero-3-phospho-{3-tatradecanoyl - 1'-sn -glycerol}

{0} Diacylglycerophosphainasitolglycans:
EtN-P-6Manail-2Mana i -6Mana1-4GIcNol -6GPIns{14:0114:0)

va\io ﬁ--w
\M:/W\/WW
:;%H

oA

SO

. [¢]
{n) Diacylglycerophosphoglycerophosphodiradylglycercls:
1',3-Bis[1,2-DI-(92-122Z-octadecadianoyl}- sn-glycero-3-phosphal-sn-glycerol

(P} 1-alkyl. 2-acyiglycerophosphacholines:
{-0-hexadecyl-2-{9Z-vctadecenoyli-sn-glycare-3-phasphochaling

2
JP oo At

(q) 1Z-alkemyl, 2-acylglycarophosphochalines:
1-0-{12-tetradacanyl)-2-{82-octadecenoyl)-sn-glycero-3-phosphocholing

. .

H

H i i H

(s} Gtycarol-nonitol letraether phospholipids: sn-caldite-1-phosphoethanclaming

Fig. 4. Continmed.

phospholipids, as well as dialkylether variants in prokary-
otes, The main biosynthetic pathways for the formation of
GPCho and GPEmn (see Tahle 3 for shorthand notation)
were clucidated through the efforts of Kennedy and co-
workers (22) in the 1950s and 1960s, and more detailed
interconversion pathways to form additional classes of phos-
pholipids were described morce recently. In addition to serv-
ing as a primary component of cellular membranes and
binding sites for intracellular and intercellular proteins,
some glycerophospholipids in eukaryotic celis are either
precursors of, or arc themselves, membranc-derived sce-
ond messengers. A separate class, called oxidized glycero-

phospholipids, is composed of molecules in which one or
more of the side chains have been oxidized. Scveral over-

views are available on the classification, nomenclature,
metabolism, and profiling of glycerophospholipids (18,
23-26). Sumcmres from this category arc shown in Fig. 4.

Sphingolipids [SP]

Sphingolipids are a complex family of compounds that
share a common structural feature, a sphingoid basc back-

bone that is synthesized de novo from serine and a long-
chain fawy acyl-CoA, then converted into ceramides, phos-
phosphingolipids, glycosphingolipids, and other species,

Fahy el al,  Lipid classification system 851
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{a) Sphingenings: sphinganine

HO™ HHN
{¢) Phytosphingosines: 4-hydraxysphinganine

(b) Sphingosines: sphing-4-cnine

H, PH
N N N e e N ; on
Ha H

(d) Sphingoid base homologs and variants:
hexadecasphinganine

{8) N-mathylated sphingoid bases:
N,N-dimettrylsphing-4-enine

(9) N-acylsphingosines (ceramides);
N-(tetradecanoyl)-sphing-4-anine

)K/\/v\/=\/=\/\/\

o]

(i) Acylceramidos:
N-(30-{9Z,12Z-octadecedienoyloxy)-tricontanayi)-
sphing-4-ening

Fig. 5. Representative structures for sphingolipids.

ineluding protein adducs (27, 28). A number of organ-
isms also producce sphingoid base analogs that have many
of the same features as sphingolipids (such as long-chain
alkyl and vicinal amino and hydroxyl groups) but differ in
other features. These have been included in this category
because some are known to function as inhibitors or antag-
onists of sphingolipids, and in some organisms, these types
of compounds may scrve as surrogares for sphingolipids.

Sphingolipids can be divided into several major classes
{Table 7): the sphingoid bases and their simple derivatives
{such as the l-phosphate), the sphingoid bases with an
amide-linked fatty acid (e.g., ceramides), and more com-
plex sphingolipids with head groups that are artached via
phospliodiesier linkages (the phosphosphingolipids), via
glycosidic bonds (the simple and complex glycosphin-
golipids such as cerebrosides and gangliosides), and other
groups (such as phosphono- and arseno-sphingolipids).
The IUPAC has recommended a sysicmatic nomenclature
for sphingolipids (3).

The major sphingoid base of mammals is commonly re-
ferred to as “sphingosine,” because that name was affixed

852  Journal of Lipid Research Volume 46, 2005

{1} Sphingoid base 1-phosphates:
sphing-4-enine-1-phosphate

H, oH
NH H I e

() Ceramide phosphacholines {sphingomyelins):
N-loctadecanoyl)-sphing-4-anina-1-phosphocholine

() Phosphonosphingolipids:
N-{tetradecanoyl)-sphing-4-onine-1-
(2-arincethylphosphonate).

by the first scientist Lo isolate this compound (29). Sphin-
gosine is (2$,3R4F)-2-aminooctadec4-ene-1,3diol (it is
also called D-erythr-sphingosine and sphing-4-enine). This
is only one of many sphingoid bases found in nature,
which vary in alkyl chain length and branching, the nuin-
ber and positions of double bonds, the presence of addi-
tional hydroxyl groups, and other features, The structaral
variation has funcuonal signiticance; for cxample, sphin-
goid bases in the dermis have additional hydroxyls at posi-
tion 4 (phytoceramides) and/or 6 that can interact with
neighboring molecules, thereby swengthening the per-
meability barrier of skin. Sphingoid bases are found in a
variety of derivatives, including the 1:phosphates, lyso-
sphingolipids (such as sphingosine 1-phosphocholine as
well as sphingosine l-glycosides), and Mmethy! derivatives
(Mmethyl, N, Mdimethyl, and NN Miimethyl), In addition,
a large number of organisins, such as fﬁngi and sponges,
produce compounds with strucwural similarity to sphin-
goid bases, some of which (such as myriocin and the fu-
monisins) are potent inhibitors of enzymes of sphingolipid
metabolism.
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H\ OH Ho OH oH
/\/\/\/\/\/\/\\\/4(\ y
NH H
\/\/\/\/\/Y
0

{k) Neutral Glycosphingoliplds: Simplg Gl¢ seres:
Glef-Cer(d18:1/12:0)

1) Acidic Glycoaphingolipids: Gangliosides:

GalBi-3GaINACH ) —-4{NeuAcn2-3)Galf1-4GIch-Cer(d18:1/18:0)

{m} Acldic Glycosphingefipids: Sullosphingolipids:
{3"sulfo)GalB-Cer(d18:1/48:0)

H OH H
* -HO H
/\/W\MAA(\MH
\/\/\/\/\/\/\/\/YNH :

{n} Acidic Glycosphingolipids: Glucuronosphingelipids:

GleUAR-Cer{d18:1/18:0}

Fig. 5. Continued.

Ceramides {Macyl-sphingoid bases) arc a major subelass
of sphingoid base derivatives with an amide-linked fauy
acid. The fatty acids are typically saturated or monounsat-
urated with chain lengths from 14 to 26 carbon atoms; the
prescnce of a hydroxyl group on carbon 2 is fairly com-
mon. Ceramides somcetimes have specialized fatty acids, as
illustrated by the skin ceramide in Fig. 5i, which has a 30
carbon fatty acid with a hydroxyl group on the terminal
(w) carbon. Ceramidcs are gencrally precursors of morc

o]

complex sphingolipids. The major phosphosphingolipids
of mamnmals are sphingomyelins (ceramidc phesphocho-
lines), whereas insects contain mainly ceramide phospho-
cthanolamines and fungi have phytoceramidephospho-
inositols and mannose-containing head groups.
Glycosphingolipids (4) are classificd on the basis of car-
bohydrate composition: I) neutral glycosphingolipids con-
tain one or more uncharged sugars such as glucose {Glu),
galactose (Gal), Macerylghicosamine (GleNAc), Macetylga-

Fahy et al.  Lipid classification system 853
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TABLE 7. Sphingolipids [SP] classes and subclasses

TABLE 8. Sterol lipids [ST] classes and subclasses

Sphingoid bases {SP01)
Sphing-4~¢nines (sphingosines) [SP0101)
Sphinganines [8P0102)
4-Hydroxysphinganines (phytosphingosines) (SP0103]
Sphingoid base homologs and variants [SP0104]
Sphingoid base 1-phasphates [SP01035]
Lysosphingotyelins and lysoglycosphingolipids [SPO106]
MNMethylated sphingoid hases [SP0107]
Sphingoid base analogs (SF0108)

Ceramides [SP02]
MN-Acylsphingosines (ceramides) [$P0201]
N-Acylsphinganines (dihydroceramides) [SP0202}
AAcyl-4-hydroxysphinganines {phytoceramides) [SP0203]
Acylceramides [SP0204)
Ceramide 1-phosphates [SP0205]

Phosphosphingolipids [SP03}
Ceramide phosphacholines (sphingomyeling) [SP0301]
Ceramide plhiosphoethanolamines [SP0302)
Ceramide phosphioinositels [SP0303]

Phosphonasphingolipids [SP04]

Neuwral glycosphingolipids [SP05]
Simple Glc series {GleCer, LacCer, ete.) [SP0501]
GalNAcB1-8Gala 1-4GalB1-4Gle- (globo series) [SP0502]
GulNAcB1-4GalB1-4Glc- (ganglio series) {SPO5035]
Galp1-8GlcNAcB1-3Galp1-4Glc- (lacto series) [SP0504]
GalB1—4GIeNACR1-3GalB14Ge- (neclacto series) [SPO505]
GalNAcP1-3Gali 1-3Galfs [-4Gle- (isoglobo serics) [SP0506)
GleNAcR1-2Mana 1-3Manf1-4Gle- {mollu series) [SPO507]
CalNACBL-4GIcNACB]-3ManR14Gle- (arthro series) [SPO508]
Gal- (gala serics) [SP0509)
Other [SPO510]

Acidic glycosphingolipids {SP0S]
Gangliosides [SP0601]
Sulfogtycosphingolipids {sulfaides) [SP0602]
Glucuronosphingolipids [SP0603)
Phosphoglycosphingolipids [SPO604]
Qther [SPO60G]

Basic glycosphingolipids [SP07]

Amphoteric glycosphingolipids [SP08]

Arsenosphingolipids [SP09]

Other |SP00)

lactosamine (GalNAc), and fucose (Fuc), which are grouped
into families based on the nature of the glyco- substituents
as shown in the listing; 2) acidic glycosphingolipids con-
tain ionized functional groups (phosphate or sulfaic) at-
tached to neutral sugars or charged sugar residues such as
sialic acid (Macetyl or Mglycoloyl neuraminic acid). The
latter are called gangliosides, and the number of sialic acid
residues is usually denoted with a subscript letter (i.e.,
mong-, di- or wi-) plus a number reflecting the subspecies
within that category; 3} basic glycosphingolipids; 4) am-
photeric glycosphingolipids. For a few glycosphingolipids,
historically assigned names as antigens and blood group
structures are still in commeon use (e.g., Lewis X and sialyl
Lewis x). Some aguatic organisms contain sphingolipids
in which the phosphate is replaced by a phosphono or ar-
senawe group. The other category includes sphingolipids diac
are covalendy attached to proteins; for example, w-hydroxy-
ceramides and w-glucosylceramides are attached to surface
protcins of skin, and inositol-phosphoceramides are used
as membrane anchors for some fungal proicins in a man-
ner analogous to the glycosylphosphasidylinositol anchors
that are attached 1o proteins in other cukaryotes. Some
examples of sphingolipid structures are shown in Fig, 5.
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Sterols [STO1]
Cholesterol and derivatives [ST0101]
Cholesteryl esters [ST0102]
Physosterols and derivatives {STD103)
Marine sterols and derivatives [ST0104]
Fungal sterols and derivatives [ST01035]
Steroids [ST02]
Cg steroids (estrogens) and derivatives [STOROL |
Cin stercids (androgens) and derivatives [8T0202)
Gy stervids (gluco/minerdlocorticoids, progestogingg and
derivatives [ST0203]
Secosteroids [ST03]
Vitamin Dy and derivatives [STD301)
Vitamin Dq and derivatives [ST0302)
Bile acids and derivatives [ST04]
Cy, bile acids, alcohols, and derivatives [ST0401]
Cy; bile acids, alcohols, and derivatives [ST0402]
Co; bile acids, alcohols, and derivatives [ST0403]
Cor bile acids, alcohols, and derivatives [ST0404]
Steroid conjugates [ST05]
Glucuronides [ST0501]
Sulfates [ST050¢]
Glycine conjugates [ST0503]
Taurine conjugates [ST0504]
Hopanoids [ST06]
Other [ST00]

Sterol lipids [ST]

The sterol category is subdivided primarily on the basis
of biological function. The sterols, of which cholesterol
and its derivatives are the most widely studied in mamma-
lian systems, constitute an important component of mem-
brane lipids, along with the glycerophospholipids and
sphingomyelins (30). There are many examples of unique
sterols from plant, fungal, and marine sources that arc
designated as distinct subclasses in this schema (Table 8).
The steroids, which also contain the same fused four ring
core structure, have different biological roles as hormones

TABLE 9. Prenol lipids [PR] clusses and subclasses

Lsoprenoids [IPROL}
C; isoprenoids [PR0101]
C,g isoprenoids (monoterpenes) [PRO10Z)
Cyp isoprenoids {sesquiterpenes) [PRO10S)
Cy isoprenocids (diterpenes) [PR0104]
Cy5 isoprenoids (sesterterpenes) |PROL03)
Cyyg isoprencids (triterpenes) {PRO106]
Cyo isoprenoids (tetraterpenes) |[PROI0T)
Polyterpenes [PR0108}

Quinones and hydroguinones [PR02]
Ubiguinones [PRO201])
Vitamin E [PRO202]
Vitamin K [PR0203]

Polyprenals [PRO3]
Bacioprenols [PR0301]
Bactoprenol monophosphates [PR0302]
Bactoprenol diphosphates [PR0303]
Phytoprenols [I'R0304 |
Phytoprenol monophaosphates [PR0305]
Phytoprenol diphosphates [PRO506]
Dolichols [PROFOTY
Dolichel monophosphates [PR0303]
Dolichgl diphosphates [PRO309]

Other [PROO]
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{a) Cholesteral and derivatives:
chalestero!; cholest-5-en-3f-oi

CH

Z
o S

(c} Cyp staroids (esirogens) and derivatives:
f-astradiol; 1,3,5[10]-astratriene-3,17R-diol

O

{ej Cp4 steroids and darivativas:
cortisol; 118,17¢,21-trihydroxypregn-4-eng-3,2C-dione

Q
/‘\/\/’"\./\/’\\/J'Lo

(b) Cholesteryl esters:
cholest-5-en-3-yl dodecanoate

HO™

{¢) Cyp steroids (androgens) and derlvatives:
androstarone; 3a-hydroxy-5n-androstan-17-one

HO

{f} Secostercids: Vitarmin Dy and derivatives:
vitamin Dy; (5Z,7E 22E)-{35)-9,10-s6c0-5.7,10(19).22-
ergostatetraen-3-ol

{g) Secosteroids: Vitamin D3 and derivatives: vitamin Dy (32,7E)-(38)-9,10-sec0-5,7,10(18)-cholestatrien-3-0!

Fig. 6. Rcepresentative structures for stero! lipids.

and signaling molecules (31). These are subdivided on
the basis of the number of carbons in the core skcleton.
The Gy steroids include the estrogen family, wherceas the
Ciy steroids comprise the androgens such as testosterone
and androsteronc. The Cg subclass, containing a two

carbon side chain at the Cy; position, includes the pro-

gestogens as well as the glucocorticoids and mineralo-
corticoids. The secosteroids. comprising various forms of
vitamin D, are characterized by cleavage of the B ring of
the core structure, hence the “scco” prefix (32). Additional
classes within the sterols category are the bile acids (33),
which in mammals are primarily derivatives of cholan-
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{h} Ca4 bile acids, alcohols, and derivatives:
cholic acid; 3a. 7o, 120-trihydroxy-58-¢holan-24-aic acid

{j} Ca7 bile acids, alcohols, and darivalives:
3a,7¢,120-rhydroxy-5i-cholestan-26-oic acid

{i) C2g bile acids, alcohals, and devivatives:
3o, Ta, A 2a-trihydrony-27-nor-Sf-cholestan-24-.one

(k) Sterold conjugates: Glucuronides:
Su-androstane-3a-0)-17-0ne glucuronide

(1) Steroid conjugates: Tauring conjugales: tauracholic acid;
N-(3a,70,120-trihydroxy-58-cholan-24-cyl)-taurine

o
o
X
Y
HO )
(n) Steroid conjugates: Sultates:

Sa-androstane-Ju-ol-17-one sullate

Fig, 6. Continued.

24-oic acid synthesized from cholesterol in the liver and
their conjugates (sulfuric acid, taurine, glycine, glucu-
ronic acid, and others). Sterol lipid structures are shown
in Fig. 6.

856  Journal of Lipid Research Volume 46, 2005

{m) Stercid conjugates: Glycine conjugates:
glycechotic acld; N-(3e, 7o, 12a-trinydroxy-5[3-
cholan-24-oyl)glycine

(o) Hopanoids: diploptene; hop-22(29)-ene

Prenol lipids [PR]

Prenols are synthesized from the five carbon precursors
isopentenyl diphosphate and dimethylallyl diphosphate
that are produced mainly via the mevalonic acid pathway
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SN0 F~0—F~on

HC HO

(a) Cg isoprencids:dimethylaliyl pyrophosphate:
3-melhyibut-2-enyl pyrophosphate

2 X = OH

(c) C 5 isoprenoids; 2E 6E-farnesol

/1\/\)\/\0 H

(b) G4 isaprenoids: 2E-geraniol

{d) Caq isoprancids: retinol; vitamin A

(e} G, isoprenaids: manoalide

{g) Cyp isoprencids: B-carotens

Fig. 7. Representative structures for prenol lipids.

(34). In somc bacteria (c.g., Escherichia coli) and plants,
isoprenoid precursors are made by the methyleryihritol
phosphate pathway (35}, Because the simple isoprenoids
(lincar alcohols, diphosphates, erc.) are formed by the
successive additon of C; units, it is convenient to classify
them in this manner (Table 9), with a polyterpenc sub-
chass for those structures conraining more than 40 carbons
(i.e., >8 isoprenoid units) (36). Note that vitamin A and
its derivatives and phytanic acid and its oxidation product
pristanic acid are grouped under Cyy isoprenoids. Caro-
tenoids are important simple isoprenoids that function as
antioxidants and as precursors of vitamin A (37). Another
biologically important class of molecules is exemplified by
thc quinones and hydroquinones, which contain an iso-
prenoid ail attached to a quinonoid core of nonisoprenoid
origin. Vitamins E and K (38, 39) as well as the ubiqui-
nones (40) are examples of this class.

Polyprenols and their phosphorylated derivatives play
important roles in the transport of oligosaccharidcs across
membranes. Polyprenol phosphate sugars and palyprenol
diphosphate sugars function in extracytoplasmic glyco-
sylation reactions (41), in extraceltular polysaccharidc bio-
synthesis [for instance, peptidoglycan polymerization in
bacteria (42)], and in eukaryotic protcin Mglycosylation
(43, 44). The biosynthesis and function of polyprenol
phosphate sugars differ significandy from thaese of the
polyprenol diphosphate sugars; thercfore, we have placed
them in separate subclasses. Bacteria synthesize polypre-
nols (called bactoprenols) in which the terminal isoprenoid
unit attached (o oxygen remains unsaturated, whereas in
animal polyprenols {dolichols} the terminal isoprenoid is
reduced. Bacterial polyprenols are typically 10 to 12 units
long (40), whereas dolichols usually consist of 18 to 22 iso-
prene units. In the phytoprenols of plants, the three disial

Fahy el al.  Lipid classification sysiem 857
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H3Ci

HaCO = H
o 0

{h) Ubiquinones: ubiquinone-10 (Co-Q10);
2-methyl-3-dacaprenyl-5,6-dimathoxy- t 4-benzoquinene

W

{i) vitamin E: {2R,4'R,B'R}-x-tocopherol

H
i
Hi

H
[¥)
L

[&]
H
HO
o

Fig. 7. Continued.

units are reduced. Several examples of prenol lipid struc-
tures are shown in Fig. 7.

Saccharolipids [SL)

We have avoided the term “glycolipid” in the classifica-
tion schetne to maintain a focus on lipid structures. In
fact, all eighi lipid categorics in the presenmt scheme include
unportant glycan derivatives, making the term glycolipid
incompatible with the overall goal of lipid categorization.
We have, in addilion, coiued the term “saccharolipids” to
describe compounds in which fauy acids are linked di-
rectly to a sugar backbone, forming structures that are
compatible with membrane bilayers. In the saccharolipids
{Table 10), a sugar substitutes for the glyccrol backbone
that is present in glycerolipids and glycerophasphelipids.
Saccharolipids can occur as glycan or as phosphorylated
derivatives. The most familiar saccharolipids are the ac-

858 Journal of Lipid Research Volunie 46, 2005

(I Bactoprenal diphosphates:
The Lipid Il peptideglycan precursor in E. cofi; undecapreny! diphosphaie glycan

o 6

(i) vitamin K: vitamin Ko{30):
2-methyl, 3-hexaprenyl-1,4-naphthoguinone; menaquincne-6

(k} Dolichols: Dol-18; u-dihydrononadecaprenal

vlated glucosamine precursors of the lipid A component
of the lipopolysaccharides in Gram-negative bacteria (41).
Typical lipid A molecules are disacchaﬁdcs of glucosamine,
which are derivatized with as many as seven fauy acyl chains
{41, 45). Note that in naming these compounds, the toual
number of fatty acyl groups are counte(j regardless of the
nature of the linkage (i.., amidc or ester), The minimal lipo-
polysaccharide required for growth in E: colf is a hexa-acyl-
ated lipid A that is glycosylated with two 3deoxy-n-manno-
octulosonic acid residues (see below). Ta some bacte ria,
the glucosamine backbone of lipid A is replaced by 2,3
diamine-2,3-dideoxyglucose (46); therefore, the class has
been designated “Acylaminosugars.” Indluded alse in this
class arc the Nod factors of nitrogen-fixing bacieria (47),
such as Stnovhizobium meliloti. The Nod factors are oligosac-
charides of glucosamine that are usually derivatized with a
single faty acyl chain. Additional saccharolipids include

102 ‘€1 Aepy uo ")sanb AqQ 62074 MMM WY PBPEOILMOG




JOURNAL OF LIPID RESEARCH

I

OH o
Ho ° NH
o o9 |
o HeN 2 P N0
_
HO Ohd 07 o
HG o)
OH OH
{a) Acylaminosugars: Monoacylaminosugars:
UDP-3-0-(3R-hydroxy-tetradecanoyll-GicN
Q OH
P.
Ve BN Q
!
Hr')HO ° (o]
O NH 1o 0
Ho 0 P NH ]c')
HO P
HO o OH \OH

[¢) Acytaminosugars; Tetraacylaminosugars: lipid IV,

Fig. 8. Representative structures for saccharolipids,

faty acylated derivatives of glucose, which arc best exem-

plified by the acylated trehalose units of certain mycobac-.

terial Hpids (11). Acylated forms of glucose and sucrose
also have been reported in plane (48). Some saccharo-
lipid structures are shown in Fig. 8,

TABLE 10. Saccharolipids |SL| classes and subclasses

Acylaminesugars [SL01]
Maonoacylaminosugars [SLO101]
Diacylaminasugars {§1.0102]
Triacylaminosugars [SLOT103]
Tetraacylaminosugars [SL0104]
Penaacylaminosugars [SL.0105]
Hexaacylaminaosugars [SLO106)
Heptaacylaminosugars [SL0107)

Acylaminosugar glycans [SLN2]

Acyltrehaloses [SLO3]

Agltrehalose ghycans [SL04]

Othier [SLO0O]

OH
HO Q
0 ]
o N4 R
HO © Old ToH
MO

{b) Acylaminusugars: Diacylaminosugars: lipid X

,'? 0
AN o
/
Moo © o
0 M o 0 .
O 0
o o] o} o NHO_’;;'
o HO G O

{d) Acylaminasugar g'ycans: Kdoglipid A

Polyketides [PK]

‘Polyketides are synthesized by classic enzymes as well as
iteradve and multimodular enzymes with semiautonomous
active sites that share mechanistic features with the fauy
acid synthases, including the involvement of specialized
acyl carricr proteins (49, 50); however, polyketide synthases
generate a much greater diversity of natural product struce-
inres, many of which have the character of lipids. The
class I polyketide synthases form constrained macrocyclic
lactones, typically ranging in size from 14 to 40 atoms.
whereas class 11 and IIT polyketide synthases generate comn-
plex aromatic ring systems (Table 11). Polyketide back-

TARLE 11. Polyketides [PK] classes and subclasses

Macralide polyketides [PRN1]

Aromatic polyketides (PKO2]

Nonribosomal peptide/polyketide hybrids [PK03]
Other [PK00]
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(2} Macrolide polyketides: -deoxyerythronolide B

C OH O

(¢} Polyketide hybrids: epothilone D

Fig. 9. Represcntative structures for polyketides.

bones are ofien further modified by glycosylation, meth-
ylaton, hydroxylation, oxidation, and/or other processes.
Some polyketides are linked with nonribosomally synthe-
sized peptides 1o form hybrid scaffolds. Examples of the
three polyketide classes are shown in Fig. 9. Many commonly
used antimicrobial, antiparasitic, and anticancer agents are
polyketides or polyketide derivatives. Important examples
of these drugs include erythromycins, tetracylines, nystatins,
avermecting, and aniitumor epothilones. Other polyketides
are potent toxins. The possibility of recombining and reengi-
neering the enzymatic modules that assemble polyketides
has recenty sdmulated the search for novel "unnatural”
natural products, especially in the antibiotic arena (51, 52).

We consider this minimal classification of polyketides as
the first step in a more claborate scheme. It will be impor-
tant uldmately to include as many polyketide structures as
possible in a lipid database that can be searched for sub-
structure and chemical similariy.

DISCUSSION

The goals of the LIPID MAPS inidative are to characterize
known lipids and identify new ones, to quantitate temporal
and spaudal changes in lipids that occur with cellular metab-
olism, and 1o develop bisinformatdcs approaches that estaly-
lish dynamic lipid nerworks; the goals of Lipid Bank (Japan)
are to annotate and curate lipid structures and the liter-
ature associated with them; and the goals of the European
Lipidomics Initiative arc to coordinate and organize sci-
cntific interactions and workshops associated with lipid
research. To coordinate the independent efforts from
three continenss and to facilitate collaborative work, a
comprehcnsive classification of lipids with a common plat-
form that is compatible with informatics requirements
must be developed to deal with the massive amounts of
data that will be generated by the lipid community. The

860  journal of Lipid Research Volume 46, 2005

(b) Aromatic polyketides: griseorhodin A

proposed classification, nomenclanire, and chemical rep-
resentation sysiem was initally designed to accommodate
the massive data that will result from the LIPID MAPS ef-
fort, but it has been expanded to accommodate as many
lipids as possible. We also have auempted 1o make the sys-
tem compatible with existing lipid databases and the lip-
ids currendy annotated in them. Itis designed to be ex-
pandable should new categories, classes, or subclasses be
required in the future, and updates will be maintained on
the LIPID MAPS website. The development of this system
has been enriched by interaction with lipidologists across
the world in the hopes that this system will be internation-
ally accepted and used. KR

The authors appreciate the agrecment of the International Lip-
ids Classification and Nomenclatire Commitice 10 advise an
furure issues involving the maintenance of these recommenda-
tions. This committee currently includes Edward A. Dennis
{chair), Christian Ractz and Robert Murphy representing LIPID
MAPS, Friedrich Spener representing the International Con-
ference on the Biosciences of Lipids, Gerrit van Meer repre-
senting the European Lipidomics Initiative, and Yousuke Seyama
and Takao Shimizu representing the LipidBank of the Japanese
Conference on the Biochemistry of Lipids. The authors are
most appreciative of informative discussions and encourage-
ment of this effort with Professor Richard Cammack, King’s
Collcge, London, who is the Chairman of the Nomenclature
Committee of IUBMB and the TUPAC/IUBMB Joint Commis-
sion on Biochemical Nomenclature. The authors thank the
Consortium for Functional Glycomics (headed by Ram Sa-
sisekharan at the Massachuseus Institute of Technology) for
providing us with their text nomenclature for glycosytated
structares. We are grateful to Dr. Jean Chin, Program Dirccior
at the National Institutes of General Medical Sciences, for hey
valuable input to this effort. This work was supported by the
LIPID MAPS Large-Scale Collaborative Grant GM-069338 from
the National Institutes of Health.

#10Z '¢1 Aeyy Uo '1sanb AQ Bio ] mmm Wol) papeojumoq



JOURNAL OF LIPID RESEARCH ASE

I

o

G.

20.

21,

22.

23,

REFERENCES

. Smith, A. 2000. Oxford Dictionary of Biachemistry and Molecular

Biology. 2nd edition. Oxford University Press, Oxford, UK,

. Christie, W. W. 2003. Lipid Analysis. 3rd edition. Oily Press, Bridge-

water, UK.

. TUPAC-IUB Commission on Biochemical Nomenclature (CBN). The

nomenclatre of lipids (reeommendations 1978). 1977, Kun | Bio-
chem. 79 11-21: 1977 HappeSeylers 7. Phytiol Chem. 358: 617-631;
1977, fipnrds. 12: 455-468; 1977. Mol Coll Binchrm, 17: 157-171; 1978,
hem, Phys, Lipids, 21: 150-173; 1978. . Lifrd Res. 19: 114-128; 1978.
Biachem. J.171: 21-35 (hup://www.chem.gmul. ac.uk/ivpac/lipid/}.

. TUPAGTURB Joint Commission on Biochemical Nomenclature (JCBN).

Nomenclature of glycolipids (recommendations 1997). 2000. Adu.
Carhobydr, Chem. Biachem. 55: 311-326; 1988, Carbohydr. Res. 312; 167-
175; 1998, Fur [ Riockem, 257: 293-298; 1999, Clyeormmjugnte |, 16; 1-6;
1999. J. Mal Riol 286: 363-970; 1997. Pum Appl. Chem, 69: 2475-2487
(hup:/ /www.chem.gmul.ac.uk/iupac/misc/glylp.huml).

. TUPAGIUB Joint Commission on Biochemical Nomenclature

(JCBNJ. 1987, Nomenciature of prenols (recommendations 19875,
Eur. | Biochem. 167; 181-184 (hup:/ /www.chem.qmul.ac.uk/iupac/
misc/prenolhtmi),

TUPAGIUB Joint Commission on Biochemical Nomenclatre (JCBN).
1989. Nomenclature of steroids (recommendations 1989). Eur: [ Bio-
chem. 186: 420158 (hup:/ /www.chem.gmul.ac.uk/inpac/steraid/).

. Caffrey, M., und J. Hogan. 1992. LIPIDAT: a database of lipid

phase. transition remperatures and enthalpy changes, Chem, Phys.
Lipids. 61: 1-109 (hup://wwwlipidat.chemistry.ohiostate.edu),

. Waranahe, K., E. Yasugi, and M, Ohshima. 2000, How ro search the

glycolipid data in “Lipidbank for web,” the newly-developed iipid
database in Japan. Trends Gycoss. Glyeotechnol 12: 175-184.

. Vance, D E. and J. E. Vance, editors. 2002, Biochemistry ol Lipids,

Lipoproteins and Membranes, 4th edition. Elsevier Science, New York.

. Small, D. M. 1986. The Physical Chemisiry of Lipids. Handboak of

Lipid Research. Vol, 4, D. J. Hanahan, editor. Pienum Press, New
Yaork,

. Brennan, P. .. and H. Nikaido. 1995, The envelope of mycabacte-

ria, Annu. v Binchent. 64: 29-68,

. Ohlrogge, J. B. 1997. Regulation of Tatty acid synthesis. A Rev.

Iant Physiol. Plant Mol Biol, 48: 109-136.

. Agrawal, G. K, 8, Tamogami, O. Han, H. Twahasi, and R. Rakwal.

2004. Rice octadecanoid pathway. Biachem. Binphys, Res. Commun. 317:
1-15.

. Murphy, R. C,, and W. L. Smith. 2002. The eicosanoids: cyclooxy-

genase, lipoxygenase, and epoxygenase pathways. /s Biochemistry
of Lipids, Lipoproteins and Membranes. 4th cdition. D. E. Vance
and J. E. Vance, editors. Elscvier Science, New York. 341-371,

. Bazan, N. G. 1989, The metabolism of omega-3 polyunsatrated

fatry acids in the cye: the possible role of docosahexacnoic acid
and docosannids in rerinal physiolngy and acular pathology. Py,
Clin. Biol. Res. 312: 95-112.

. Roche, D. M., J. T. Byers, D, 8, Smith, F. G, Glansdorp, D. R. Spring,

and M. Welch. 2004, Communications blackout? Do N-acylhamo-
serinelactone-degrading enzymes have any role in quorum sens-
ing? Micmldology. 150: 2023-2028,

. Sam, H.. K. Schoonderwoerd, and W. C. Hulsmann. 1987. Synthe-

sis, storage and degradation of myocardial triglycerides. Basic Re.
Candiol. 82 (Suppl. 1): 19-28,

. Coleman, R, A, and D. P. Lee. 2004, Enzymes of triacylglycerol

synthesis and their regulation. Prog. Lipid Res, 43: 131-176.

. Pahlsson, P, §. L. Spitalnik, P. F. Spitalnik, ]. Fantini, Q. Rake-

tonirainy, 8. Ghardashkhani, J. Lindberg, P. Konradsson, and G, Lar
son. 1398, Characterization of galactosyl glycerolipids in the HT29
human colon carcinama cell line, Arch. Biochew. Bioghyy. 396: 187
198,

Koga, Y., M, Nishihara, H. Morii, and M. Akagawa-Matsushita. 1983,
Ether polar lipids of methanogenic bacteria; structures, compara-
tive aspects and biosyntheses. Miembiol. Rev. 57: 164-182.
Pereto, . P Lopez-Garcia, and 1. Morcira. 2004. Ancestral lipid
biosynthesis and early membrane evolution. Trends Biochem, 34, 29:
469-477.

Kennedy, E. P, 1962. The inctabolism and function of complex lip-
ids. Harvey Lecture Serirs. 57: 143-171. )

G. Ceve, editor. 1993, Phospholipids Handbook. Marcel Dekker
Tnc., New York.

. Forresten, J. 8., 8. B. Milne, P T. Ivanova, and H. A. Brown, 2004.

25,

26.

27.

28.
29,

30.

31

32.

33
34,

35.

36.
37.
38,

39.

40.
41,
42.

43.

44,

45,

46.

47.

48.

49,

50,

51.

52,

Computational lipidomics: 2 multiplexed analysis of dynamic changes
in membrane lipid composition during signal transduction, Aal
Pharmaeol, 65: 813-821.

Ivanova, B, T, 8. B. Milng. J. 8. Forrester, and H. A. Brown. 2004.
Lipid arrays: new tools in the understanding of membranc dynam-
ics and lipid signaling, Mol. fateventions. 4: 86-06.

Cronan, ]. E, 2003. Bacterial membrane lipids: where do we stand?
Annu, Rev. Micrbiol, 37; 203224,

Merill, A, H., Jr., and K. Sandhofl, 2002, Sphingolipids; metabo-
lism and cell signaling, /n New Comprehensive Binchemistry: Bio-
chemistry of Lipids, Lipoprotcins, and Membranes, D, E. Vance
and ]. E. Vance, editors. Elsevier Science, New York. 373-407.
Taniguchi, N, K. Hanke, and M, Fukuda. 2002, Handbook of Gly-
cosyliransferases and Related Genes. Springer-Verlag, Tokyo.
Thudichum, [. L. W, 1884, A Treatise on the Chemical Constifu-
tion of Brain, Bailliere, Tindall, and Cox, London,

Bach, D, and E. Wachtel. 2003, Phospholipid/chelesterol model
membranes: formation of chiolesierol erystallites. Biachim. Binfihys.
Acta. 1610: 187-197,

Tsai, M. ]., and B. W. O"'Maliey. 1394, Molecular mechanisms of ae-
tion of steroid/thyroid receptar superfamily members, Annu, Rew
Bioehem. 63: 151486,

Jones, G., 5. A. Sumgnell, and H. F. DeLuca. 1398, Current under
standing of the maleailar actions of vitamin D. Physiol Kew 78: 1193
1231,

Russcll, D. W. 2003, The enzymes, regulation, and genetics of bile
acid synthesis. Annu, Ry, Biochem. 72: 137-174.

Kuzuyama, T., and H. Seto. 2003. Diversity of the biosynthesis of
the isoprene units. Ned, FProd. Rep. 200 171-183,
Rodriguez-Councepcion, M, 2004, The MEP pathway: a new target
for the development of herbicides, antibiotics and antmalarfal
drugs. Cure Pharm, Res. 10: 2391-2400.

Porter, . W, and 8. L. Spurgeon, 1981. Biosynthesis of Isoprenoid
Compounds. Vol. [ John Wiley & Sons, New York.
Demming-Adams, B., and W, W. Adams, 2002. Antioxidants in
photasynthesis and human nutrition. Sdevee. 298; 2148-2153.
Ricciarelli, R., J. M. Zingg, and A. Azzil. 2001, Viramin E: protec-
tive role of a Janus molecule. FASEH /. 15: 2314-2325,
Meganathan, R. 2001, Biosynthesis of menaquinone (vitamin K2)
and ubiguinone {coenzyme Q): a perspective on enzymatic mech-
anisms. Vitam. Horn, 61 175-218.

Meganathan, R. 2001. Ubiguinone biosynthesis in microorgan-
isms. FEMS Microbiol. Leiz. 203: 131=139.

Raerz, C. R H., and C. Whitficld. 2002. Lipopolysaccharide endo-
toxins, Annw. Rev. Bivchem, 71: 635-700.

Lazar, K., and §. Walker. 2002, Substrate analogues to study cell-wall
bicsynthesis and its inhibition. Cury: Opin. Chem, Biol 6: 786-793.
Schenk, B., F. Fernandez, and C. J. Waechter. 2001, The ins(ide)
and out(side) of dolichyl phosphate biosynthesis and recycling in
the endaplasmic reticulum, Giyeshinfagy. 11: 61R-71R.

Helenius, J.. and M. Achi. 200§, Intraceltular funciions of N-finked
glycans. Saence. 291: 23642360,

Zihringer, U., B. Lindner, and E. T. Rietschel, 1999. Chemieal
structure of Lipid A: recent advances in struciaral analysis of bio-
logicaily active molecules. r Endotoxin in Ileatth and Discase, I1.
Brade, §. M. Opal, 5. N. Vogel, and D. C. Morrison, editors, Marcel
Dekker, New York, 93114,

Sweet, C. R., A. A, Ribeiro, and C. R. Raetz. 2004. Oxidation and
transamination of the 3'-position of UDP-Nacetyghicosamine hy
enzymes from Addithinhadllus frrmoxidans. Role in the formation
of lipid A molecules with four amidelinked acyl chains. J Bial
Chem. 279: 25400-25410.

Spaink, H. P. 2000. Root nodulation and infection factors pro-
duced by rhizobial bacieria. Anme Rew. Miembiof. 54: 257288,
Ghangas, G. §., and . C. Steffens. 1993, UDPglucose: fatty acid
transglucosylation and transacylation in iracylglecose binsynthe-
sis. Proc. Nall Acad, Sei. USA. 90: 9911-9915,

Walsh, C. T. 2004. Polyketide and nonrihosomal peptide antibior-
ics: modularity and versatility. Sence. 303: 1805-1810.

Khosla, C., R, Gokhale, ]. R. Jacobsen, and D. E. Cane, 1999, Toler-
ance and specificity of polyketide synthases. Anme. Rev. Biochem.
68: 219-253,

Reeves, C. D. 2003. The enzymology of combinatnrial biosynthesis.
Crit. Rev. Biotechnol 2%: §5-147.

Moore, B. 8., and €. Hartweck. 2002, Biosynthesis and attachment
of novel bacterial polyketide synthase stavter units. Nat. Pmd. Repy
19: 70-99.

Fahy et al.  Lipid classification system 861

rLDZ ‘et Aepy uo ‘1sanb Ag Bio il mmm ol papeojumog




ERRATA

It has been brought 1o the fournal’ attendon that the Web site URL for LIPIDAT referenced in “A comprehensive clas-
sification system for lipids” ([ Lipid Res. 2005, 46: 839~862) has been changed. The Web site has moved from

hup://www lipidat.chemistry.chio-state.cdu/ to hup://www.lipidat.ted.ic/. The URL in the article has been replaced in
the online version of the article. :

DOT 1) 1G5 C400004ERR

The authors of the article “Targeted disruption of steroidogenic acute regulatory protein D4 leads to modest weight
reduction and miner alteratons in lipid metabolis™ { ] Ligid Res, 2010, 51: 1134-1143) have advised the Jonmal that the
unit of measure for the bile acids of gall bladder bile in Table 3 (on page 1141) was incorrecdy stated as mg/dl. The cor-
rect unit should be mM. This error appeared initally online but has since been corrected.

DOF 10,1194/ MICOIOISERR

1618  Journal of Lipid Rescarch Volume 51, 2010
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This article is reprinted from Hoppe-Seyler's Zeitschrift fr
Physiologische Chemie, Volume 358, Pages 617-631, June 1977,

The Nomenclature of Lipids®

(Recommendations 1976)%¢

IUPAC-IUB Commission on Biochemical Nomenclature?

CONTENTS
[. Fatty acids, neutral {ats, long-chain alcohols and longchainbases . . . . . . . . . . . . 1i5
A. Genericterms (Lip-1.2-1.5). . . . . . . . . . . . . . . . . . . . . .15
B. Individual compounds. . . O O 1
1. Fatty acids and alcohols {Llp-l 6 I 1) P B 1 -]
2. Sphinganine and derivatives (Lip-2.8-1.11> . . . . . . . . . . . . . . . . 1l6
3. Glycerol derivatives (Lip-1.12-1.13% . . . . . . . . . . . . . . . . . . 118
C. Symbols and abbreviations (Lip-1.84-118 . . . . . . . . . . . . . - . . . 118
Il. Phospholipids . . . . O 6
A. Germeric terms (Lip-2.1- 2. 10) O B X
B. Indjvidual compounds (Lip-2.11-2.12) . . . . . . . . . . . . . . . . . .2
il Glycolipids . . . . T 14
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C. Individual compounds (Lip-3.6 - 3. 12) R 84
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Appendix B: symbois recommended for various constituentsof lipids . . . . . . . . . . . . 127
Appendix C: abbreviated representation of gangliosides . . . . . . . . . . . . . . . . 128
2 Document® of the IUPAC-IUB Commission on ¢ REptints of this document, supplied by the publishing

Biochemical Nomenclature (CBN) approved by IUPAC journals, may be obtained from W, E. Cohn (Director
and TUB in 1976, and published with the cooperation of  of the NAS-NRC Office of Biochemical Nomenclature),
Biology Division, Oak Ridge National Laboratory,
Journalsd. Comments on these Recommendations and P. 0. Box Y, Oak Ridge, Tenn., U.S.A., 37830.

suggestions for futu:e revisions may be sent to any ¢ Members of CBN are: 0. Hoffmann-Ostenhof (Chair-
member of CBNY. man), W. E. Cohn (Secretary), A. E. Braunstein, H. B. F.
b These Recommendations are a revision and extension Dixon, B. L. Horecker, W. B. Jakoby, P. Karlson,

of “The Nomenclature of Lipids", which appeared in W. Klyne, C. Litbecq,.E. C. Webb.

1967, as amended in 197011],

Journal of Lipid Research Volume 19, 1978

26

¥LOZ ‘9L Aewy uo ‘1sanb Aq Bio )l mamm wolp papecumoq




@

JOURNAL OF LIPID RESEARCH

IEL

In 1967, a “Document for Discussion” on lipid
nomenclaturel?! was issued by CBN. It included
a special system for the designation of configura-
tion in glycerol derivatives that deviated con-
siderably from standard stereochemical nomen-
clature. This systern is based upon a fixed num-
bering (*stereo-specific numbering™) for ?lycerol,
regardless of substituents. It was hopedi!] that
“discussion will lead shortly to the formulation”
of recommendations acceptable to chemists in the
field of lipids.

In subsequent years, there has been little discus-
sion about this principle of stereospecific num-
bering; it has been wel accepted within the field
of glycerol derivatives, for which it has been
especially useful®, and is widely used. However,
during this same period, many new and complex
lipids and glycolipids have been isolated, Moreover,

the Commissions on the Nomenclature of Organic

Chemistry (CNOC) and Inorganic Chemistry

(CNIC) issued, in 1973, “Nomenclature of Or-

ganic Chemistry, Section D”'(2] which includes a

section on the nomenclature of phosphorus-con-

taining organic compounds and necessitates a

reconsideration of the earlier nomenclaturef!! in

this area,

The present “Recommendations 1976” are based

on reports of working groups on lipidsf and

glycolipids®. The main features are:

1. the system of stereospecific numbering is
retained,;

2. semisystematic nomenclature is extended to
the plasmalogens;

3. a semisystematic nomenclature for higher
glycosphingolipids, based on trivial names for
specific tri- and tetrasaccharides, is proposed.

RECOMMENDATIONS

L. FATTY ACIDS, NEUTRAL FATS, LONG-CHAIN ALCOHOLS AND LONG-CHAIN BASES

A. Generic terms

Lip-1.1, The term fatty acid designates any one
of the aliphatic monocarboxylic acids that can

be liberated by hydrolysis from naturally occur-
ring fats and oils. In the terms “free fatty acids”
or “‘nonesterified fatty acids”, now widely in use,
“free” and “nonesterified” are actually redundant
and should be omitted (See Lip-1.14). [The
designation “‘aliphatic carboxylate (C;o-Cq¢,
nonesterified)” used by the Commission on Quan-
tities and Units in Clinical Chemistry is correct,
but rather cumbersome.] Whenever the sum of
fatty acids and their esters is determined by an
analytical method, this should be explicitly
stated. {See also Lip-1.6).

€ CBN does not wish to imply that the idea of stereo-
specific numbering should be applied to other groups of
compounds. It is the symmetry of glycerol itself, but
the asymmetry of its derivatives carrying different
substituents at O-1 and G-3, as well as the unique place
of these compounds in lipi¢ metabolism, that makes this
special treatment desirable.

Lip-1.2. Neatral fats are mono-, di- or triesters of
glycerol with fatty acids, and are therefore termed
monoacylglycerol, diacylglycerol or triacylgly-
cerol, as appropriate, *Acylglycerols” includes
mixtures of any or all of these.

Comments

i) The term “acyl” is used in Otganic Nomenclaturel 2}
to denote the radical formed by loss of the OH group
from the acid function of any acid (¢f. Lip-1.6), We are
cancerned here with acyl radicais of aliphatic carboxylic
acids with four or more carbon atoms, the larger members
of which (> C) o) are also known as “higher fatty acids.™

{ Members of the Working Group on Lipid Nomenclature:
H. Hirschmann (U. 8.A.), P. Karlson (Germany; convenor),
W. Stoffel (Germany), F. Snyder (U.5.A.), §. Veibel
{Denmark), F. Végtle (Germany).

& Members of the Working Group on Glycolipid Nomen-
clature: 5. Basu {U.5.A.), R. O. Brady (U.S.A),

R. M. Burton (U.5.A.}, R. Caputto (Argentina), S. Gatt
(Istael), 8.1. Hakomori (U,S.A.}, M. Philippart (U.S.A.),
L. Svennerholm (Sweden), D. Shapito (Fsrael),

C.C. Sweeley (U. S. A.}, H. Wiegandt (Germany;
convenor). ‘

{UPAC-IUB Commission on Biochentical Nomenclature Nomenclature of lipids
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i} The old terms monoglyceride, diglyceride and tri-
glyceride are discouraged and should progressively be
abandoned, not only for consistency, but mainly be-
cause strict interpretation does not convey the intended
meaning. " Triglyceride™, taken literally, indicates three
glycerol residues (e.g., cardiolipin), diglyceride two (e.g.,
phosphatidylglycerol), and a monoglyceride is a mono-
acylglycerol. :

Lip-1.3. The generic term “long-chain alcohol”
or “fatty alcohol” refers to an aliphatic compound
with a chain-length greater than C, 4 that possesses
a terminal CH, OH group. Such alcohols should be
named according to systematic nomenclature(31,
(Re Lip-1.7).

Lip-1.4. The term sphingoii or sphingoid base
refers to sphinganine (¢f. Lip-1.8), [D-erythro-2-
amino-1,3-octadecanediol (I)], its homologs and
stereoisomers (11, 1), and to the hydroxy and
unsaturated derivatives of these compounds

(IV . VT). The term “Iong-chain base™ may be
used in a wider sense to indicate any base con.
taining a long-chain aliphatic radical.

Lip-1.5. The following generic terms are used for
the foowing groups of compounds:

a) sphingolipid, for any lipid containing a
sphingoid;

b} éeramide, for an N-acyiated sphingoid;

¢) sphingomyelin, for a ceramide-1-phosphe-
choline (see ref.[2] for this use of “phospha”;
also Lip-2.11);

d) glycosphingolipid, for any lipid containing a
sphingoid and one or more sugars. (See sec-
tions 1, B, 2 and I, A for other generic terms),

B. Individua! compounds
1. Fatty acids and alcohols

Lip-1.6. Fatty acids (cf. Lip-1.1) and their acyl
radicals (cf. Lip-1.2, comment i} are named ac-
carding to the TUPAC Rules for the Nomenclature
of Organic Chemistry {ref 121, Rule C4), (A list
of trivial names is given in Appendix A ) Fatty
acids are numbered with the carbon atom of the
carboxyl group as C-1. By standard biochemical
convention, the ending -ate in, e.g., palmitate
denotes any mixture of the free acid and its ion-
ized form in which the cations are not specified.
The ending -ate is also used to designate esters,

Journal of Lipid Research Volume 19, 1978

¢.g.. cholesteryl palmitate, ethylidene dilaurate,
etc. (cf. Lip-1.12). Structural isomers of poly-
unsaturated acids, hitherto distinguished by Greek
letters (e.g., a- and y-inolenic acids), are better
distinguished by the locants of the unsaturated
linkages (¢.g., (9,12,15)- and (6,9,12)-linolenic
acids, respectively). (See Lip-1.15). However, the
Greek letter prefixes may be useful in (defined)
abbreviations {see Appendix A).

Lip-1.7. Long-chain alcohols (fatty alcohols) and
the radicals derived from them should be desig-
nated by their systematic names (ref.(3], Rules
C-201 and A-1 et seq.), but not by trivial names
that are derived from those of fatty acids.

Examples: 1-hexadecanol and hexadecyl-, not palmityl
alcohol and paimityl-; 1-dodecanol and dodecyl-, not
lauryl alcohol and lauryl-,

2. Sphinganine and derivatives

Lip-1.8. The compound previously known as
dihydrosphingosine [2D-amino-1,3D-octadecane-
diol or D-erythro-2-amino-1,3-octadecanediol or
(25, 3R)-2-amino-1,3-octadecanediol ] is called
sphinganine (1)

Lip-1.9. Trival names of higher or lower homol-
ogs of sphinganine may be derived by adding a
prefix (ref.[2), Rule A-1) denoting the total num-
ber of carbon atoms in the main chain of the
homolog, e.g., icosasphinganine™® for the C,
compound (IIT), hexadecasphinganine for the C,4
compound.

Lip-1.10. Affixes denoting substitution of sphin-
ganine (hydroxy, oxo, methyl, etc.} are used as
usual, according to existing rules!3l. The configu.
rations of additional substituents should be
specified by the prefixes "D or “L" (italic
capitals, cf. ref 18]} following the locant of sub-
stitution. These prefixes refer to the orientation
of the functional groups to the right or left,
respectively, of the carbon chain when written
vertically in a Fischer projection with C-1 at the
top (cf. Formulae I - V1), If the configuration is
unknown, the prefix “X’" may be used. In the
case of a racemic mixture, rec should be used as
a prefix to the name.

* Formerly eicosasphinganine (see footnote 4 in
Appendix A).

27
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* Formerly cicosasphinganine {sec footnote d in

Appendix A).

Sphingoids differing from sphinganine in their
configurations at C-2 and/or C-3 should not be
named as derivatives of srhjnganjne. but with
fully systematic names{3l, using the prefixes

- D-threo, L-erythro, as appropriate, e.g., D-threo-

2-amino-1,3-octadecanediol, or (2R, 3R)-2-amino;
1,3-octadecanediol, for I (cf Rule Carb-8 in
ref'sl) (cf. Lip-1.11, ex. 4).

Comment. The semisystematic names for the sphingoids
are significantly shorter than the fully systematic names
only if the terms chosen imply not only substituents but
also configurations. Therefore, the name “sphinganine™
specifies the D-erythro configuration, and it is logical;
that the names of stereoisomers of sphinganine differing
in configuration at C-2 and/or C-3 should not inctude
“sphinganine” as a root. (This recommendation differs
from that in the previous decument 1) .
The configurations usually encountered have identical
configurational prefixes only if a D/L but not if the R/S
systeml®] s used; e.g., C-3 is D and R in icosasphinganine
(I11) and D and § in 4D-hydroxysphinganine (IV}). When-
ever it is desirable to use the R/S system, the fully sys-
tematic name should be used with the specification of
configuration at every center (and, when apphcable, of
the configuration at the double bond).

Examples;

" {2R 3R y2-amine-1,3-octadecanediol, for 11

(25,35 ,4R ) 2-amino-1,3,4-octadecanetziol for IV;
(28,3R ,4E)-2-amino-4-octadecene-1,3-diol for sphin-
gosine (V), (See atso Lip-1.11.)

Lip-1.11. Names for unsaturated compounds are
derived from the names of the corresponding
saturated compounds by the appropriate infixes,
namely ene, diene, yne, etc.(3). If the geometry
of the double bond i is known, it should be indi-
cated by the more modern E/Z system (cf.[6],
Rule E-2.2), e.g., (4€)-sphingenine for sphin-
gosine (V).

The trivial name sphingosine (V) is retained. If
trivial names other than sphingosine are used, they
should be defined in each paper in terms of this
nomenclatute, or of the general nomenclature of
organic chemistryl3],

Other names for the substances described in Lip-1:10
and Lip-1.11:

4D-hydroxysphinganine for IV, formerly Known as
phytosphingosine;

{4E)-sphingenine for sphingosine (V);
(4Z)-sphingenine for the geometric isomer of sphin-
gosine (V1);

D-threo-2-aming-1,3-octadecanediol for the C-2 epimér
of sphinganine (11); cf. Lip-1.10, Ex. }.

TUPAC-IUB Commission on Biochemical Nomenclature Nomenclature of lipids 117
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3. Glycerol derivatives

Lip-1.12. Esters, ethers and other O-derivatives
of glycerol are designated according to Rule
Carb-15 of the Rules of Carbohydrate Nomen-
claturel8! i.e. by a prefix, denoting the substituent,
preceded by a locant. If the substitutionison a
carbon atom, the compound is designated by its
systematic name and not as a derivative of glycerol
(e.g., 1,2,3-nonadecanetriol for C,¢H;;CHOH-
CHOH-CH, OH, which could be considered as
1.C-hexadecyiglycerol). It is permissible to omit
the locant 0" if the substitution is on the oxy-
gen atoms of glycerol.

Examples: tristearoylglycerol ot tri-O-stearoylglycerol or
glycerol tristearate, or glyceryl tristearate;
1,3-benzylideneglycerol or 1,3-0-benzylideneglycerol;
glycerol 2-phosphate (a permissible alternative to this
term is 2-phosphoglycerol).

Comment. The alternative system set forth in Rule
Carb-16 of the Rules on Carbohydrate Nomenclaturel 5],
i.¢. the use of the suffix -ate, is less suitable for glycerol
esters, with the exception of the phosphates (see Exam-
ples). However, this system may be used to designate
esters of monofunctional alcohols, e.g. cholesteryl
palmitate (cf. Lip-1.6).

Lip-1.13. Stercospecific numbering. In order to
designate the configuration of glycerol derivatives,
the carbon atoms of glycerol are numbered stereo-
specifically. The carbon atom that appears on top
in that Fischer projection that shows a vertical
carbon chain with the hydroxyi group at carbon-2
to the left is designated as C-1. To differentiate
such numbering from conventional numbering
conveying no steric information, the prefix “sn"”’
(for stereospecifically numbered) is used. This
term is printed in lower-case italics, even at the
beginning of a sentence, immediately preceding
the glycerol term, from which it is separated by
ahyphen. The prefix “rac- " (for racemo) precedes
the full name if the product is an equal mixture
of both antipodes; the prefix “X-" may be used
when the configuration of the compound is either
unknown or unspecified (cf. Lip-1.10).

Examples:

sn-glycerol 3-phosphate for the steregisomer

(V11 = VII1), previously known as either L-o-glycero-
phospheric acid or as D-glycerol 1-phosphate;
rac-1-hexadecylglycerol;
1,2-dipaimitoyl-3-stearoyl-X-glycerol.

Journal of Lipid Research Volume 19, 1978

Comments

i) The problem of distinguishing between stercoisomers
was discussed in extenso in the 1967 document(). In
brief, difficulties arise because giycerol is a prochiral
compound, The parent substance of many phospholipids,
natural glycerol phosphate, has been named both as L-o-
glycerol phosphate” {V1I) and, according to standard
rules of nomenclature, D-glycerol l-pl'los']:»hate[al (VIID.
When the R/S system (sequence rule) is applied, substitu-
tion of one of the primary hydroxyl graups often Icads
ta changes in the configurational prefix, thus cbscuring
chemical and biogenetical relationships; it is generally
inapplicable to the steric description of such mixtures

a5 occour in triacylglycerols isolated from natural sources:
The stercospecific numbering of glycerol and its deriva-
tives as proroscd by Hirschmann 9], described above
{and in ref 111}, avoids these difficulties; it has proved
useful and is widely accepted.

ii) The enantiomer of sn-glycerol 3-phosphate (VII) is

sn-glycerol 1-phosphate (IX}, as is evident from the
structures,

Ot 0P 200,
Hﬂ—{l:‘-ll = y-—é—o# m—é‘—ﬂ
E‘MFU;H; i‘ﬂ,aﬂ é’ﬁ,ﬂﬂ
v - Vi I/ 4
m-Glycerol 3-phosphate sn-Glycerol 1-phosphate

[L-(glycerol 3-phosphate) [L-(glycerol 1-phosphate)
=D-(glycerol 1-phosphate)] =D-(glycerol 3-phosphate)]

C. Symbols and abbreviations

Lip-1.14. The term "“fatty acids” {cf. Lip-1.1)
should not be abbreviated. The use of abbrevia-
tions like “FFA™ for “free fatty acids” or “NEFA”
for “non-esterified fatty acids™ is strongly
discouraged. ‘

Comment. The words “acids” and “esters™ serve to
distinguish the “free” (nonesterified} and “"bound”
(esterified) fatty acids, and are as short as or shorter than
the abbreviations themselves.

Lip-1.15, 1In tables and discussions where various
fatty acids are involved, the notation giving the
number of carbon atoms and of double bonds
(separated by a colon) is acceptable, e.g. 16:0 for
palmitic acid, 18: 1 for oleic acid. Also, terms
such as “(18: Q)acyl” may be used to symbolize
radicals of fatty acids. (See Appendix A).
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Comment. This system is alrezdy widely used. It should,
however, be kept in mind that it sometimes does not
completely specify the fatty acid. For example, e-lino-
lenic acid and y-linotenic acid are both 1B: 3 acids; the
designation 18: 3 is therefore ambiguous. In such & case,
the position of double bonds should be indicated, e.p.
18:3(9,12,15) for (9,12, 15)-linolenic acid, formerly
known a3 orlinolenic acid.

Lip-1.16, It is sometimes desirable (for example,
in discussing the biosynthesis of lipids) to indi-
cate the position of each double bond with
reference not to the carboxyl group (always C-1),
but to the end of the chain remote from the
carbaxyl. If n is the number of carbon atoms in
the chain (i.e., the locant of the terminal methyl
group) and x is the (lower) locant of the double
bund, the position of the double bond may be
defined as (n minus x). Thus, the common posi-
tion of the double bond in oleic and nervonic
acids may be given as 18 — 9 and 24 — 9, respec-

tively. This structural regularity should not be

- expressed as w9,

Lip-1.17. The system described in Lip-1.15 may
also be used to denote alcohols and aldehydes
related to-fatty acids, provided that the nature of
the residue is clearly indicated either by the ap-
ptopriate name of the compound(s} [e.g. (18:1)-
alcohol] or in the heading of the table. The 1-ene
of alk-1-en-1-yi (i.e., 1-alkenyl) compounds is not
counted in this system (see Lip-2.10, comment).

Lip-1.18. For many complex lipids, a represen-
tation of the structures using symbols rather than
structural formulae may be useful. Symbols pro-
posed for various constituents are given in Ap-

- pendix B (see also ref.10]), and, for glycolipids, in

Lip-3.13. They are constructed in analogy to
those in use for amine acids/!!], nucleosidesl12)
and saccharides(13],

11. PHOSPHOLIPIDS

A. Generic terms

The Rules of The Nomenclature of Organic Phos-
phorus Compounds (also known as D-Rules)(2]
recognize, for biochemical usage, the prefix
phospho- as.an alternate to O-phosphono- (or
N-phosphono). By a similar convention!10], -phos-
pho- may be used as an infix to designate the
phosphodiester bridge present in such compounds
as glycerophosphocholine. The use of root names
like “phosphatidic acid” is retained and extended
(Lip-2.3 - 2.4).

Lip-2.1. Phospholipid may be used for any lipid
containing phosphoric acid as mono- or diester.
Likewise, lipids containing C-phosphono groups’
(e.g. compound X) may be termed “phosphono-
lipids.”

Lip-2.2. Glycerophospholipid signifies any deriv-
ative of glycerophosphoric acid that contains at
least one Q-acyl, or 0-alkyl, or O-(1-alkenyl)
group attached to the glycerol residue. Generic
names for other classes of phospholipids may be
coined according to this scheme, e.g., sphingo-
phospholipid, inositolphospholipid.

Comment. The old terms, “phosphatide,” “phospho-
glyetide,” and “'phosphoinositide” are no longer recom-
mended because they do not convey the intended
meaning (sce also Lip-1.2).

Lip-2.3. Phosphatidic acid signifies a derivative
of a glycerol phosphate (glycerophosphate) in
which both remaining hydroxyl groups of glycerol
are esterified with fatty acids. The pesition of

the phosphate group may be emphasized by
stereospecific numbering.

Comment. For the most common (3-sm)phosphatidic

acid and its derivatives, the locants are often omitted.
However, “phosphatidyl™ without locants can lead to

£#0~COR
m—a-rj:-ﬂ P (W0~ COR
é'q,a—f"—lca;,b-m;, HylyP~ = Lf‘—ll
;y iw,a—cmr
X X
A phosphonolipid 2-Phasphatidic acid
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ambiguities. It is therefore preferable to use the proper
locants, for example, 2-phosphatidic acid for compound
X1, and 3-sn-phosphatidylserine for XIla.

Lip-2.4. The common glycerophospholipids are
named as derivatives of phosphatidic acid, e.g.
3-sn-phesphatidylcholine (this term is preferred
to the trivial name, lecithin; the systematic name
is I,2-diacyl-sn-glycero-3-phosphochaline); 3-sn-
phosphatidylserine; 1-phosphatidylinositol (see
comment ii below); 1,3-bis(3-sn-phosphatidyl)-

glycerol.
£40—C0R
RO—0=C=4 M
b k¢
EH P — 0 — CH,— L — COM
[
o4
Xita

Phosphatidylserine (3-sn-phosphatidylserine)

CH0 ~COR
Ho—C=H N,
P [’
m,-,a-f-o-m,—m—w,y
on
Xitb

A 2-lysophospholipid

Comments

i) It is understood that, in combination with compounds
like ethanolamine (propetly, 2-aminocthanot) or serine,
which bear both hydroxyl and amino groups, substitu-
tion by phosphorus is at the hydroxyl group of the
ethanolamine or setine. Substitution at any other posi-
tion, or where canfusion may arise, requires a locant.

ii) The phosphorylated derivatives of 1-(3-sn-phospha-
tidyl}inositol should be called L-phosphatidylinositol
4-phosphate and 1-phosphatidylinositol 3,4-bisphos-
phate, respectively. The use of “diphosphoinositide™
and “‘triphosphoinositide™ for these is discouraged, as
these hames do not convey the chemical structures of
the comgounds and can be misleading. (Cf. also Table IV
in ref.[! h.

Lip-2.5. As an alternative, generic names may be
coined according to Lip-1.13, i.e. using glycerol
phosphate (glycerophosphate) as the stem. In this
case, the stereospecific numbering of glyceral

Journal of Lipid Research Volume 19, 1978

should be used to indicate the position of the
phosphoric residue as well as the other substi-
tuents (acyl-, alkyl-, 1-alkenyl). If the nature of
these substituents cannot be specified, the prefix
“radyl” may be used.

Lip-2.6. Derivatives of phosphatidic acids re-
sulting from hydrolytic removal of one of the
two acyl groups may be designated by the old
prefix lyso e.g. lysophosphatidylethanolamine for
compound XI1b. A locant may be added to des-
ignate the site of (hydro)iysis, 2-lyso designating
hydrolysis at position 2, leaving a free hydroxyl
group at this carbon atom.

Comment, The “lyso™ terms originated from the fact
that these compounds are hemolytic. 1t is here redefined
to indicate a limited hydrolysis of the phosphatidyl
derivative (i.e., “‘deacyl™).

Lip-2.7. The term plasmalogen may be used as a
generic term for glycerophospholipids in which

the glycerol moiety bears an 1-alkenyl ether group.

Lip-2.8, The term’plasmenic acid signifies a de-
rivative of sn-glycero-3-phosphate in which
carbon-1 bears an O 1-alkenyl) residue, and
position 2 is esterified with a fatty acid (XTII).
This term can also be used to name derivatives,
e g. plasmenylethanolamine.

Commenis

i) The use of “*phosphatidyl” as a name for the acyl
radical of phosphatidic acid has facilitated the nomen-
clature of its various compounds (sce Lip-2.4). Therefore,
it seems logical to offer a similar short term for XIII,

i.e., “plasmenic acid,” as an alternative to the more syt
temalic name, 2-acyl-1-alkenyl-sn-giycerol 3-phosphate,
which, of course, may be used if desired. “Plasmenic”

is a contraction of “‘plasmalogenic”, and may be especial-
ly useful in naming derivatives, e.g., plasmenylserine.

ii) Isomers like those bearing the phosphate residue in
position 2 (e.g. compound XIV) should not be named

in this way but as derivatives of the corresponding
glycerophosphate, using stereospecific numbering,

CH0-CH=CHR LHp0~CH=CHR

n'ce—a-—fc-» H;D,P—U—:f.‘-#
Ew-p% b.g.a-m'
b7 v

A plasmenic acid . 3-Acyl-1-(1-alkenyl}-

sn-glycerol 2-phasphate
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Lip-2.9. The term lysopiasmenic acid may be
used for a derivative of sn-glycero-3-phosphate
that has an 0-(1-alkenyl) residue on carbon-1, the
hydroxyl group in position 2 being unsubstituted
(XVa). This name may also be used in combina-
tions like “lysoplasmenylethanolamine” (XVb).

CHD~CH~CHR
W-lf!‘-ll P CH0~CHy ~ CHyR
tho-P-0i m‘”“if ~¥
o o0 POy,
Xv xvi
Xva: (R = H): A plagmanic acid

a lysoplasmenic acid
XVb: (R’ = CH;CH;NH ;)
a lysoplasmenylethanolamine

Lip-2.10. For compounds of type XVI, bearing a -

saturated ether group in position 1 and an acyl
group in position 2 of sn-glycero-3-phosphate, the
term plasmanic acid is proposed. Compounds
deacylated in pogition 2, or with a substituent on
the phosphoric residue, can be treated as are the
plasmenic acids (Lip-2.9).

Commeni. The proposed names will be especially useful
for naming phosphoric diesters {phosphodiesters), such
as e.g. plasmanylethanolamine, instead of 2-acyi-1-alkyl-
sn-glycero-3-phosphoethanclamine. The terms “plas-
manic acid™ and “plasmanyl” may also be applied to
ethers with an alkyl group bearing a double bond within
the chain, e.g. a 9-hexadeceny] residue (derived from

HI. GLYCOLIPIDS

A. General considerations

Glycolipids (a contraction of glycosyllipids) are
generally named as glycosyl derivatives of the
corresponding lipid, e.g., diacylgalactosylgly-
cerol, glucosylceramide. Because of the heteroge-
neity of the fatty acids and long-chain bases en-
countered in most cases, a genéric name for the
lipid moiety is needed, i.e. ceramide. With higher

palmitoleic acid). In such cases, the proper term “al-
kenyl”, if used without the ene locant(s), would be
misleading. (See Lip-1.17).

B. Individual compounds

Lip-2.11. Individual glycerophospholipids in
which the substituents can be specified are named
according to existing Rulesl2:3:5:6] using the in-
fix -phospho-2:10] to indicate the phosphodiester
bridge.

Example: 2-Palmitoyl-1-stearoyl-sn-glycero-3-phospho-
¢thanolamine for compound XV1I.

Lyl — 0L g
r,yf,,m-a-z_'l'-u p
Eﬁ,o-;-a—cﬂ,-m, -NK,
o

xvi
2-Palmitoyk-1-stearoyl-sn-glycero-3-phosphoethanolamine

Lip-2.12. The ketone derived from glycerol,
1,3-dihydroxy-2-propanone, also known as dihy-
droxyacetone, may be termed “‘glycerone”, if
desired. The name is a contraction of “glycero-
ketone”, and may be useful to emphasize the
relationship with glycerol, glyceraldehyde (gly-
ceral), and glycerate. It also permits a simplé

. symbolism (Appendix B) and the naming of

derived lipids, e.g., 1-palmitoyl-3-phosphogly-
cerone.

glycosphingolipids, especially the gangliosides,
naming problems arise from the complexity of
the carbohydrate moiety of these compounds,
The systematic names of the oligosaccharides
linked to ceramide are so cumbersome that they are
of the same practical valufas, e.g., the systematic
name for a peptide hormone such as insulin. It
was felt that this difficulty could be overcome
only by creefing suitable trivial names for some

JTUPAC-IUB Commission on Biochemical Nomenclature Nomenclature of lipida 121
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parent oligosaccharides. In constructing these
names {see Table I) the following principles were
observed:

1. The number of monosaccharide units in an
oligosaccharide is indicated by the suffixes -biose,
-triaose, -tetraose, etc. This follows the well-es-
tablished practice in the carbohydrate field (cf.
celiobiose, cellotetraose, maltotetraose, etc.),
with the exception that the suffix -triose, as used
in maltotriose, has been changed to trigose to
avoid confusion with the monosaccharides called
trioses.

2. The oligosaccharides are grouped in series ac-
cording to their structure and biogenetic rela-
tionship.

3. Differences in linkage (e.g., 1 >4 versus 1 » 3)
in otherwise identical sequences are indicated by
iso- or neo-, used as a prefix.

On the basis of these names, the semisystematic
nomenclature for neutral glycosphingolipids and
gangliosides described below is recommended. A
set of symbols has been devised that allows a
simple representation of complex neutral and
acidic glycosphingolipids (Table I).

B. Generic terms

Lip-3.1. The term glycolipid designates any com-
pound containing one or more monosaccharide
residues linked by a glycosyl linkage to a lipid
part (e.g., a mono- or diacylglycerol, a long-chain
base (sphingoid) like sphingosine, or a ceramide).

Lip-3.2. The term glycoglyceralipid may be
used to designate glycolipids containing one or
more glycerol residues. '

Lip-3.3. The term glycosphingolipid, as hitherto,
includes all compounds containing at least one
monosaccharide and a sphingoid. The glycosphin-
golipids can be subdivided as follows:

Neutral glycosphingolipids:

monogiycosyl- and oligoglycosylsphingoids;
monoglycosyl- and oligoglycosylceramides.
Acidic glycosphingolipids:
sialosylglycosylsphingolipids (gangliosides);
sulfoglycosylsphingolipids (formerly “sulfatides”,
which is not recommended) (cf. Lip-3.11).

Lip-3.4. Psychosine may be used as a generic
name for 1-monoglycosylsphingoids, although

Journal of Lipid Research Volume 19, 1978

the latter is preferred. The nature of the monosac-
charide and the sphingoid is not specified in this
name,

Lip-3.5. The term fucolipid may be used to des-
ignate fucose-containing neutral or acid glycolipids.

C. Individual compounds*

Lip-3.6. Glycoglycerolipids may be named either
as glycosyl compounds according to Rule Carb-24
or as glycosides according to Rule Carb-23(5],

Example: compound XVIII may be named either 1,2-
diacyl-3-g-D-galactosyl-sn-glycerol or 1,2-diacyl-sn-gly-
cerol 3-p-D-galactoside.

cHy0— o
A~ 0L~

wry, 40
#
W

o
xviy

Comment. The first form s preferred, as the glycosphin-
golipids are also named this way.

Lip-3.7. A glycosphingolipid is generally named
as a glycosylsphingoid or a glycosylceramide,
using the appropriate trivial name of the mono-
or oligosaccharide residue for “glycosyl.” it is
understood that the sugar residue is attached to
the C-1 hydroxyl group of the ceramide. For
glycosphingolipids carrying twe to four saccharide
residues, the trivial names listed in Table I are
recommended.

Comment. 1t is strongly recommended that the name of
the oligosaccharide be defined in each publication by
means of the standard symbols for sugars (as in Tablel,
column 1} rather than by the full name, which is often
so long as to be confusing.

Lip-3.8. The trivial name cerebroside designates
1-f-glycosylceramide (the natures of the sphingoid
and of the fatty acid are not specified in this
name}.

* “Individual” in this section refers to the
carbohydrate maiety only,
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Lip-3.9. Glycosphingolipids carrying fucose ei-
ther as a branch or at the end of an oligohexosyl-
ceramide ate named as “fucosyl(X)osylceramide”
where (X) stands for the root name of the oligosac-
charide. The location of the fucosy] residue is in-
dicated by a Roman numeral designating the posi-
tion of the monosaccharide residue in the parent
oligosaccharide (counting from the ceramide end)
to which the fucose residue is attached, with an
Arabic numeral superscript indicating the position
within that residue to which the fucose is attached.
If necessary, the anomeric symbol can be used as
usual, i.e., preceding “fucosyl-.”

Examples for Lip-3.7 and Lip-3.9 (structures given in
the symbols of Lip-3.13):*

lactosylceramide for Gal(§1—4)GicCer;
mucotrinosyleeramide for Gal (81+4)Gal(81—+4)GlcCer;
I3-o-fucosylisoglobotrisosylceramide for

Fuc{al +2)-Gal(al-+3)Gal(51-4)Glc{fl— 1) er

Lip-3.10. Sialoglycosphingolipids (synonym:
gangliosides) are glycosphingolipids carrying one
or more sialic residues. Sialic acid is the generic
term for M-acetyl- or N-glycoloylneuraminic acids
(cf. Section 3 in ref.[*l). Gangliosides are named
as N-acetyl- (or N-glycoloyl-)neuraminosyl{X)-
osylceramide, where (X)) stands for the root name
of the neutral oligosaccharide to which the
sialosyl residue is attached (cf. Table I}. The posi-
tion of the sialosyl residue is indicated in the same
way as in the case of fucolipids (see Lip-3.9),e.g..
I13-N-acetylneuraminosyllactosylceramide for
AcNeu(a2-+3)Gal(f1-+4)Glc(51~+1)Cer.

Lip-3.11. Glycosphingolipids carrying a sulfuric
ester (sulfate) group, formerly called sulfatides,
are preferably named as sulfates of the parent
neutral glycosphingolipid. The location of the
suifate group may be indicated as in Lip-3.9.

Example: tactosylceramide 113-sulfate

Lip-3.12, Phosphoglycosphingolipids with phos-
phodiester structures are named according to the
recornmendation for the phospholipids (see Sec-
tion 1F).

* D is omitted by convention in the abbreviated for-
mulas, but D (o7 L) may be inserted when desirable, Hy-
phens {nni' replace left-to-right arrows (see Section 3.4
of ref.13]y,

D. Symbols and abbreviations

Lip-3.13. Simple or complex glycosphingolipids
can be represented according to existing rules,
using the symbols Cer, Sph, AcNeu, etc. (AF-
pendix B), together with the recommended!!3!
symbols for the hexoses (Glc, Gal, etc.).

Examples are given above,and in Table | and
Appendix C.

However, due to the complexity of the higher
glycosphingolipids, this often results in very long
and cumbersome series that are not easy to
comprehend. It is therefore recommended that
the oligosaccharides listed in Table I be repre-
sented by specific symbols in which the number
of monosaccharide units (-oses) is indicated by
Ose,,, preceded by two letters representing the
trivial name of the oligosaccharide (columri 3).
For a short form, which may be required in the
case of limited space or frequent repetition, Ose
can be omitted (column 4); however, the long
form is preferred as being more evocative.

Examples:

(i) McOse3Cer for mucottizosylceramide,
Gal(p1-4)Gal(f1-4)Gle(1-1)Cer;

{ii) Il3AcNeu-Gg()se4Cer for 113-N-autylnewammosyl-
gangliotetraosylceramide, Galgl-+3GalNAcgl-4Gal-
{3-2aNeuAc)f1-+4Glcpt—+1Cer (see Lip-3.14 for this
mode of representing a branched chain).

Abbreviations for the more important gangliosides
are given in Appendix C.

Lip-3.14. When it is desirable to represent a
branched oligosaccharide on a single line, as in
running text or a table, the parentheses surtound-
ing the locants in the main chain may be omitted
and used instead to enclose the symbols for the
branched portion(s) of the molecule. The branches
follow, in parentheses and with appropriate ar-
rows, the residues to which they are attached.

Examples;

(i) NeuGcea2—3Galgl—3GalNAcH ~4Gal(3+—2aNeuGe)
$1-+4Glcfl—=1Cer;

(i) NeuAca2—3Galgl—+3GalNAct1+4Gal(3+—2aNeuAc-
8+«2aNeuAc)gl—+4Glcgl —+1Cer;

(iii) GalNAcal—+3Gal(2+1aFuc)8l--4GlcNAc(3+~1aFuc)k
A1-+3Galfl +4Glefl—+1Cer = I1121V2-a,a-Difucosyl-
-JV3--2-acetamido-2-deoxygalactosyineolactotetraosyl-
ceramide = [1131V2(Fuca)z, IV3GalNAca-nLeDse4Cer.

IUPAC-IUB Commission on Biochemical Nomenclature Nomenclature of lipids 123
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IV. NEURAMINIC ACID

Lip-4.1. The compound 5-amino-3,5-dideoxy-D-
glyeero-D-galacto-nonulosonic acid is neuraminic
acid (XIX), with the symbol Neul!tl,

Lip-4.2. The term “sialic acid” signifies the
N-acyineuraminic acids and their esters and other
derivatives of the alcoholic hydroxy! groups.

Lip-4.3. The radicals resulting from the removal
of a hydroxyl group of neuraminic acid or sialic
acid are designated as neuraminoy! or sialoyl,
respectively, if the hydroxyl is removed from the
carboxyl group, and as neuraminosyl and sialosyl,
respectively, if the hydroxyl group is removed
from the anomeric carbon atom of the cyclic

.ra.l{ Hf:'ﬂh’
L/l C"iwﬂ

Neuraminic acid

5-Amino-3,5-dideoxy-D-glycero-D-galacto-nonulopyrano-

XX

structure. sonic acid —_—— ——
(a) (b}
Table I. Names and abbreviations of simple glycolipids and of their oligosaccharides.
Glycolipid structure® Oligosaccharide
Trivial name? Symbol€ f::r:a 4
Gal(al-4)Gal(f1-4)GicCer | Globotriaose GbOse, Gbj
GalNAc(g1-3)Gal(al-4)Gal{g1-4)GlcCer Globotetraose GbOsey Gbg
Gal{al-3)Gal(g1-4)GlcCer | Isoglobotriaose iGbOse, iGby
GalNAc(g1-3)Gal(al-3)Gal{g1-4)GlcCer Isoglobotetraose iGbOseq iGby
Gal(81-4)Gal(f1-4)GlcCer | Mucotrizose McOseq Mcj
Gal{g1-3)Gal{g1-4)Gal(f1-4)YGlcCer Mucotetraose MceOsey Mcy
GleNAc(81-3)Gal(81-4)GIcCer | Lactotriaose LcOsey Lesy
Gal(81-3¥GleNAc(Bl-3)Gal(81-4)GleCer Lactotetranse LcOsey Lecy
Gal(§1-4)GleNAc{B1-3)Gal{g1-4)GcCer Neolactotetraose nLcOsey nlc
GalNAc(81-4)Gal(§1-4)GlcCer Gangliotriaose GgOsey Ges
Gal{1-3)GalNAc(81-)Gal(#14)GlcCer | Gangliotetreose GgOsey Gga
Gal{al-4YGalCer | Galabiose GaOse;y Gay
Gal(1-4)Gal(a1-4)GaiCer | Galatriaose GaQsey Gay
GalNAc(1-3)Gal(1-4)Gal{e1-4)GalCer N-Acetylgalactosaminylgalatrizose | GalNAcl-3GaOse,y -

see Seciion 3.4 of ref (13

8 Symbolsand anan?meflt are discussed in Lip-3.1 3. Hyphens replace left-to-right arrows
).

Name of. glycolipid is formed by converting ending -ose to -osyl, followed by -ceramide, without space; ¢.g.,

globotrisosylceramide.

¢ Should be followed by Cer for the glycolipid, without space; e.g., McOsegCer, McaCer (see Lip-3.13).

The short form should be used only in situations of limited space or in case of frequent repetition.

Journal of Lipid Research Volume 19, 1978
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APPENDIX A.
Names of and symbols for higher fatty acids.
Numerical Structure Stems of "Name''
symbol H3C{RCO3H Systematic names® Trivial names® | symbol
L. 10:0 -[CH3 18- Decano- Capr-* Dec
2. 12:0 <(CHal1 0" Dodecano- Laur- Lau
3. 14:0 {CH3]y 3+ Tetradecanc- Myrist- Myr
4. 16:0 {CH3)y 4 Hexadecano- Palmit- Pam
5. 16:1 -{CH,15CH=CH[CH1 14 9-Hexadeceno- Palmitole- APam
g- 18:0 [CH3 116 Octadecanc- Stear- Ste
- 18:1(9) {[CH;17CH=CH[CH2 1+ ¢is-9-Octadeceno- Ole- Ole
8. 18:11D -ICH,15CH=CH[CH, |5- 11-Octadeceno- Vaccen- Vac
9. 18:209,12) -[CH3}3{CH4CH=CH]3{CH 214~ | ci5,cis-9,12-Octadecadieno Linole- Lin
10 18:3(9,12,15) |-{CH;CH=CH]3{CH2l+ 9,12, 5-Octadecatrieno-  [(%,12,15)-Linolen- | aLan
11. 18:3(6,9,12) «[CH37]3[CH2CH=CH]3ICH2l4- | 6,9,12-Octadecatrienc- (6,9,12)-Linolen- | yLnn
12. 18:3(9,11,13) | 4CH3]3[CH=CH[3(CHz)5- 9,11,13-Octadecatrieno- |Eleostear- eSte
13. 20:0 -{CH3), a- Icosano-9 Arachid- Ach
14. 20:2¢8,11) {CH4)4[CH,CH=CH}3ICH314- | 8,11-Icosadieno-d AqAch
15, 20:3(5,8,11) {-{CHplgICH2CH=CH]3ICH3l3- | 5,8,11-Icosatrieno-d A3Ach
16. 20:4(5,8,11,14) | -[CH;]3{CH,CH=CH|4ICH2l3- | 5,8,11,14-Icosatetracno-9 |Arachidon- agAch
17. 22:0 ACH3z 20" Docosano- Behen- Beh
18. 24:0 -[(CH3l272- Tetracosano- Lignocer- Lig
19, 24:1 4{CH31,CH=CH[CH3]; 3- eis-15-Tetracoseno- Nervon- Ner
20. 26:0 -[CH3 )24~ Hexacosano- Cerot- Crt
21, 28:0 -ICHz 124 Octacosano- Montan- Man

3 Ending in -ic acid, -ate, -yl, for acid, salt or ester, acy! radical, respectively.
b Ending in -ic acid, -ate, -oyl far acid, salt or ester, or acyl radical, respectively.

€ Not recommended because of confusion with caproic (hexznoic) and caprylic (octanoic)acids. Decanoic is preferred.

d Formerly “eicosa-"' (changed by TUPAC Commission on Nomenclature of QOrganic Chemistry, 1975}
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APPENDIX B.
Symbols recommended for vatious constituents of lipids.
Name Symbol®
For alkyl radicals? R
Methyl, Ethyl, . .. Dodecyl Me, Et, Pr, Bu, Pe, Hx, Hp, Oc,
) Nn, Dec, Und, Dod
¢ Foraliphatic carboxylic acids® - acyl (not abbreviated), RCO-
Formyl, Acety!, Glycoloyl, Propionyl, Fo (ot HCO), Ac, G, Pp,
Butyryl, Valeryl, Bt, Vi,
§ Hexanoy), Heptanoyl, Octanoyl, Hxo, Hpo, Oco,
Nonanoyl, Decanoyl, Undecanoyl, Nno, Deo, Udo,
Lauroyi, Myristoyl, Paimitoyl, Lau, Myr, Pam,
Stearoyl, Eleostearoyl, Linoleoyt, Arachidonoyl Ste, eSte, Lin, AqAch
For glycerol and its oxidation products®
Glycerol, Glyceraldehyde, Glycerone, Glyceric acid Gro, Gra, Grn, Gri
For *'glycosyl™ Ose
Glucose, Galactose, Fucose, . . . Glcd, Gal, Fue, . ..
Gluconic acidr, Glucuronic acid Glca, Glou*®
Glucosamine', M-Acetylglucosamine GIcN, GicNAc
Neuraminie, Sialic, Muramic acids Neu, Sia, Mur
N-Acetylneuraminic acid, N-Glycoloylneuraminic acid NeuAc or AcNeuB, NeuGe ar GeNeu
Deoxy d
Miscellaneous
Ceramide, Choline, Ethanolamine, Cet, Cho, Etnh,
Inositol, Serine, Ins, Ser,
Phosphatidyl, Sphingosine, Sphingoid, Phosphoric residue. Ptd, Sph, Spd, P

& These symbaols are constructed in analogy to those alteady in use for amino acids and saccharidest11,13]; they
may assist the abbreviated representation of more complex lipids in a way similar to the peptides and polysaccharides.
Prefixes such as iso, tert, cyclo are specified in the symbols by lower-case su?erscripts (P!, But, Hx®) ot lower-case
prefixes (iPr, 1Bu, cHx), unsaturation by e.g., 43 fora 3,4 doyble bond, A3 for a 3,4 triple bond (cf. Proteins, Vol. I,
pF. 96 - 108, in Handbook of Biochemistry, 3td edition, G. Fasman, ed., CRC Prcssf C]leveland, Ohio, 1976). Many
of these symbols are drawn from previously published recommendations (refs.[11.121]), Sec also Appendix A.
b Systematic and recommended trivial names of unbranched, acyclic compounds-only {cf. Appendix A). Other
forms ate created by prefixes (e.g., iso, tert, cyclo). See also Appendix A.
¢ These symbals form a self-consistent series for a group of closely related compounds. it is recognized that other
abbreviations (but no symbols) are currently in use. (See Lip-2.12.).
d Not Glu (glutamic acid} or G (rionspecific).
¢ Recommended in place of GlcUA, the “A™ being unnecessary.

Approved trivial name for 2-amino-2-deoxyglucose; similatly for galactose (GalNAc), etc.
B AcNeu was recommended earlier (ref.|111). When it is necessary ta differentiate between N-acetyl and O-acetyl
ﬂerivatives. NeuNAc and Neu@Ac (italicized locants, in contradistinction to GalNAc, etc.) may be employed.

May take the form OEtN< if substitution on the nitrogen atom is to be indicated.
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APPENDIX C.
Abbreviated representation of gangliosides. ,
Designation gecording to
Lipid document® Wiegandt® Svennerhalm©
A 1 13NeuAc-GalCer Ggai | NeuAc -
T2 113NeuAc-LacCer Gpac ! NeuAc | Gms
o ©3 13NeuGe-LacCer Gpgc ! NeuNGl -
- 4 112 (NeuAc)y-LacCer Grae ¢NcuAc Gpi
J‘ 5 I13NeuAc/NeuGe-LacCer Grac 2 NeuAc/NeuNgl -
’ j 6 I1*NewGe-LacCer Grac 2 NeuNGl -
(wi 7 N13NeuAc-GgOsesCer GGiei 1 NeuAc Gm2
. 8 [13NeuAc-GegOseqCer Ggret 1 NeuAc Gumy
(q-} 9. 1V3NeuAcnLcOseqCer GrnterlaNeuAc GM1.GleNAc
/ ’ 10. [VENeuAc-nLcOseqCer GiLntet 1bNeuAc -
1. TV2Fuc, iI3NcuAc-GgOseqCer Ggrpt 1 NeuAc -
12 1V3NewAc-nLeQseqCer - -
13. 113 (NeuAc)y-GgOseqCer Geret 2b NeuAe Gpib
14, 1VINeuAc,iTINeuAc-GgOseqCer Ggtet 22 NouAc GD1a
1s. H3(NeuAc)3-GgOse4Cer Ggret IbNeuAc -
16, 1V3NeuAc, I3 (NeuAc),-GgOseaCer Gerer 32 NeuAc -
17. 1V 3NeuAc, I} (NeuAc)3-GeOseqCer GGtet 40 NeuAc * -
18, 1VI(NeuAc)s, 113 NeuAc)y-GeOse Cer Gter 5 NeuAc -
19. 1V3NeuAc,I1 NeuAo-GgOse s Cer Ggpt 22NeuvAc -

2 To indicate linkage points and anomeric form: Fuc should be written (+1aFuc); NeuAc should be written
(—2aNeuAc); (NeuAc)s should be written (~-2aNcuAcB),; ete. If these features are assumed or defined, the short
form used in this cotumn is more convenient for use in texts and tables.

b The subscripts to G (for ganglioside), from 7 on, have the meanings: Gtri = gangliotriose, Gtet = ganglioletraose,
Litet = lactoisotetraose, Gpt = %angliopentaose [= GalNA¢(gl—+4)Gal(Bl—~3)GalNAc(fl—+4)Gal{f1-4)GlcCer|,

Gfpt = gangliofucopentaosel 141,

€ G = ganglioside, M = Tonosialo, D = disialo, T = trisialo. Arabjc numerals indicate sequence of migration in thin-
layer chromatogramsl 15},

JOURNAL OF LIPID RESEARCH

$10Z ‘91 ABw L0 153nG AQ G0 JiF s Wiy papeoiumos)

i

128 Journal of Lipid Research Volume 19, 1978




Dietary Fat and Health: The Evidence and
the Politics of Prevention

Careful Use of Dietary Fats Can Improve Life
and Prevent Disease

WILLIAM E.M. LANDS

ABSTRACT: Every year, more young people start the slow progressive injury
that eventually becomes cardiovascular disease and death. It could be pre-
vented with nutrition education, but medical efforts focus more on treat-
ments for older people than on preventing primary causes of disease in
young people. Two avoidahle risks are prevented by simple dietary interven-
tions: (1) Eat more omega-3 and less omega-6 fats, so tissues have less in-
tense n-6 eicosanoid action, and (2) eat less food per meal to lower vascular
postprandial oxidant stress. An empirical diet-tissue relationship was devel-
oped and put into an interactive personalized software program to aid in-
formed food choices.

KEYWORDS: essential fatty acids; omega-3; omega-6; polyunsaturated fat-
ty acids (PUFAs); highly unsaturated fatty acids (HUFAs); eicosanoids;
thrombosis; inflammation; atherosclerosis; prenylated proteins; platelet
activating factor (PAF); oxidized LDL

Much of this chapter echoes talks given 10, 20 and 30 years ago,' present-
ing information which failed to percolate effectively into clinical practice or
preventive nutrition. As a result, I continue trying to find different methods
of effective education so that chronic diseases may be prevented in the eld-
erly. Recent efforts involve two distance-learning web sites with useful
“homework” for everyone who wants to learn. One site, for education about
essential fatty acids® has many details to help people understand the effects
of nutritionally essential fatty acids. The other” has been hosted by the Of-
fice of Dictary Supplements for almost four years, and was upgraded recent-
ly with additional background information on how diet affects eicosanoids
and how eicosanoids affect health and life.

“http://efaeducation.nih.gov/

Phitp:ffods.od.nih.gov/eicosanoids/ -
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The death rate from heart attacks in the United States is among some of the
worst in the world:* FIGURE 1 demonstrates that death, not life, begins at 40.
That is the age at which people begin to lose colleagues and become aware of
death. Students feel invalnerable, because not many 30-year-olds die. How-
ever, among my peers in their 70s, 1 or 2 per 100 are likely to die of ischemic
heart disease in any year.! Clinicians say that arterial damage and calcium
deposition is just a matter of aging, and that nothing can be done about that.
I don’t believe that a bit. In Japan, age-specific death rates for coronary heart
disease are much lower.> However, an apparent inevitability about this is
rooted in American lifestyles, all the way back to childhood.

FIGURE 1, presented in 1993,! has results added from the PDAY (Patholog-
ical Determinants of Atherosclerosis in Youth) stady,%-® which documented
this problem definitively. The problem became apparent 50 years ago, when
young soldiers were being killed in Korea. Autopsies showed coronary artery
damage in 20-year-old Americans, but not in native Koreans.?

Results from the PDAY study®-8 show that effective primary prevention of
atherosclerosis needs to begin with adolescents. FIGURE 1 suggests that by the
time American men are 55 years old, most already have inflammatory

inflammatory atherogenesis  Age-Specific Ischemic Heart Death Rates

L ]

Primary prevention

- Y e
needs to begin before
adolescence! -
. 4.0%
Pathobiological Determinants = 1‘;'388‘2 |
of Atherosclerosis in | }

Youth (PDAY) 30%

| 15-19yr  30-34yr] .
coronary 10% 30%
aorta 20% 40% 20%

What % of 55-yr people Ho%
already have inflamed plaques?

FIGURE 1. Inflammatory atherosclerosis begins developing before adolescence.
(Presented in 1993;! results added from the PDAY study.%8
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plaques in their arteries. Intervention then is really secondary prevention.!?
The effective new technique of electron beam computerized tomography is
maturing into a wonderful diagnostic tool.!! Unfortunately, knowing that you
have a lot of calcium in your arteries doesn’t tell you how to get rid of it or
how to prevent it from accumulating further. We still have a lot of biochemi-
cal work to perform.

Real primary prevention doesn’t fit programs or goals of pharmaceutical
companies, because they cannot make money by preventing the diseases they
treat.! They work with treatment-oriented groups who aren’t interested in
educating people about specific dietary interventions that prevent causes of
risk. One avoidable risk, an imbalance between intake and expenditure of en-
ergy, has received a lot of attention in the last two years. There is a need for
further discussion about how it affects vascular inflammation and oxidant
stress.

One solution is to eat foods that provide less energy per meal, as noted later
in this chapter (F1G. 3). A second avoidable risk is the current severe imbal-
ance between omega-3 and omega-6 nutrients. Most people are completely
oblivious to it, but that imbalance is easily corrected by adjusting dietary in-
takes to more omega-3 and less omega-6 fats. The current imbalance in
America 1 just a happenstance of food marketing. 12 Unfortunately, priorities
of corporate health groups will favor the status quo over any action that pre-
vents disease and suffering without adding to corporate profits.!0: 12

FIGURE 2 shows the consequence of this imbalance. The horizontal axis
shows that apparently healthy normal people around the world have different
balances of omega 6 and omega 3 in their HUFAs (highly unsaturated fatty
acids) because of the different foods they eat.'3!4 The HUFAs are pivotal in
the body’s healthy self-healing actions. Epidemiology shows that when HU-
FAs in the body are 70 or 80% omega 6, coronary heart discase rates are
around 200 per 100,000.* In contrast, people in Spain or Italy have HUFAs
containing about 60% omega 6 and 40% omega 3,10 and their CHD mortality
rate is around 120 per 100,000. In Japan, the traditional proportions of HU-
FAs are about 35-40% omega 6 and 60-65% omega 3, and the heart attack
rate in Japan is about one-fourth to one-fifth that in the United States.> In
Greenland, coronary heart disease is almost undetectable.

Many investigators do not like transnational epidemiology, claiming that
genetic diversity impairs interpretation. However, genetic diversity within the
United States is probably greater than the mean genetic difference between
the United States and Japan. Now we have data from three groups in Quebec,
within the same province of the same country on the same continent with the
USA. There are urban Quebecois who eat foods that generate HUFA propor-
tions similar to those of people in Chicago and Detroit and New York.!> On
the other hand, in villages north of Quebec City, there are Quebec Cree Indi-
ans with different ethnic food habits that give them a different HUFA pattern
and mortality rate.'® Further north in Quebec, Inuits have a lower average n-6
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FIGURE 2. Coronary heart disease mortality is proportional to n-6 HUFA in plasma
HUFA. Available at <http://efaeducation.nih.gov/sig/personal.html> .

HUFA composition and a lower mortality rate.!” The trend is, clear, even
though the Inuit diet has changed tremendously during the last 40 years and
is now far more heterogeneous. Indeed, dietary heterogeneity worldwide is
the important variable for preventive intervention, more so than genetic vari-
ability. Environmental food variability is driving variability in CHD mortality.

Essential fatty acids are polyunsaturated fatty acids (PUFAs) required by
all mammals. Like vitamins, these are not produced within the body, and
must come from the diet. They are of two types, n-3 and n-6. Linoleic is a n-
6 PUFA (18:2n-6) and alpha-linolenic is the n-3 PUFA (18:3n-3). When we
cat those acids, our body converts them into longer chain-length, highly un-
saturated fatty acids (HUFAs).¢

What people eat in their diet determines the proportions of HUFAs in their
tissue membrane phospholipids. In my first 15 years of academic life, 1
worked on lipid metabolism'8 and was highly cited on that topic. In 1964,
when researchers in Stockholm reported that the n-6 HUFA, arachidonic

“hup://efaeducation.nih.gov/sig/overviews.html
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acid, was converted to the potent hormone, prostaglandin,’® I hypothesized
that HUFA for these hormones comes {rom the 2 position of the phospholip-
ids in human tissues. But is HUFA converted to eicosanoids on the phospho-
lipids and stored, or is it first hydrolyzed before the free hormone is
synthesized? Collaborating with the researchers in Stockholm, I found that
the HUFAs in phospholipids were hydrolyzed and then converted to
eicosanoids. The hormone then acts at a receptor and generates a signal,
which is usually a (ransient, reversible event that returns to basal state. 292!

By the late 1960s, we knew that omega-6 eicosanoids and omega-3
eicosanoids were involved in inflammatory processes. Later, I studied the
mechanism by which fatty acid oxygenases act. This requires lipid hydroper-
oxide activators.? Eliminating the peroxides eliminates the ability to make a
prostaglandin. Peroxides are also required to activate ribonucleotide reduc-
tase, and the free radical is essential to make deoxyribonucleotides for new
DNA. The eicosanoids, and the peroxide tone that regulates them, are usually
under tight control.?

For 15 years I studied aspirin-like non-steroidal anti-inflammatory drugs
(NSAIDs),23-24 working with drug companies to develop new patented drugs
for treatment. During the 70s, dozens of eicosanoids were isolated.?! Nearly
all healthy human tissues use eicosanoid modulations of physiologic respons-
es in a rapid transient manner.?® However, uncontrolled excessive production
of omega-6 eicosanoids over prolonged periods of time is associated with
heart attacks, thrombotic stroke, arrhythmia, arthritis, asthma, headaches,
dysmenorrhea (menstrual cramps), inflammation, tumor metastases and os-
teoporosis.?!"#> We had been looking at essential vitamin-like fatty acids as
“angels” but in excessive amounts they turn into devils. When the body goes
out of control, something must be done, and it became my goal to prevent this
loss of control. .

Two brief narrated presentations covering these general issues are avail-
able on the Internet.4 The distance-learning site for the Office of Dietary Sup-
plements has a section on dietary reference intakes® with a graph and
citations These show that most people are eating on the order of 20 times
more of the essential vitamin-like n-6 linoleic acid than they need. As with vi-
tamin A and vitamin D, from which the body makes potent hormone-like
compounds, there is a probable risk in excessive intakes. The website notes
evidence for requiring these substances in amounts on the order of 0.5% of
calories or less, but a day’s menu in the United States far exceeds that.

To design an effective prevention strategy, one needs to identify causal
mechanisms by asking how people die. From this point of view, the role of
cholesterol?% 27 has been portrayed in a misleading fashion for 25 years. Al-

htip://efaeducation.nih. govfsig!bcginners.ht_m]
“http://efaeducation.nih.gov/sig/dietary2.htm]
fhnp:f/cfacducation.nih.gov/sig/dri.html
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FIGURE 3. Two primary imbalances link diets to disease and death. Modified from
an earlier figure! at <http://efaeducation.nih.gov/sig/dietdisease.html>.

though some lipoproteins may increase death, cholesterol itself was never
proven to kill anyone. However, those who market anti-cholesterol drugs
will never mention that fact. To consider primary prevention of heart attacks,
we worked backward with the diet—disease concepts shown in FIGURE 3, by
stating that a death from heart attack is a death from ischemia, which is exac-
erbated by arrhythmia, and from thrombosis, which was brought on by a pre-
disposition to inflammatory plagues in the arteries. All three of these
processes are exacerbated by n-6 eicosanoids (FIGURE 3). The release of in-
flammatory cytokines and cell proliferation are enhanced by omega-6
eicosanoids formed from dietary fats.

Inflammatory vascular wall plaques cause ischemia and stimulate throm-
bosis. Thrombosis is driven by thromboxane, one of the major eicosanoids
discovered 29 years ago.2® Thromboxane causes platelets to clump, causes
calcium movement, and causes thrombosis. The omega-6 derivative (TX A2)
has the same effect; the omega 3 (TX 43) also has that effect, but to a limited
degree.

Aspirin, statins, and nitroglycerin are used widely to diminish the process-
es set in motion by the two nutritional imbalances shown in the upper left of
FIGURE 3. In 1979, when I lectured? about these issues in Switzerland and the
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Netherlands, the socialized medicine systems in those countries were paying
for expensive coronary bypass surgery, and governments were considering
preventive nutrition as an economic measure. However, proponents of medi-
cations and surgery were not interested in what they regarded as nutritional
behavior modification. I scorned the clinicians’ disinterest in nutrition at the
time, but now I see they may be right. Often it is easier to persuade people to
have surgery than to persuade them to change their ideas about what to eat.

What can we do to change people’s behavior? Our responsibility 1$ to in-
form people properly, and their responsibility is to learn what we are trying
to teach. The two dietary interventions that people need to learn are shown in
the upper left-hand corner of FIGURE 3. Eat more omega-3 and less omega-6
fats to have less-intense n-6 eicosanoid actions. Also, eat less high-energy
food per meal to cut transient postprandial oxidant stress three times a day, a
thousand times a year. Even when it’s 99.9% reversible, the remaining one-
tenth of a percent creates another irreversible inflammatory locus every year.
By the time people are in their 70s, and the postprandial stress has excess n-
6 HUFA and pro-inflammatory eicosanoids, then their condition is seen to
move downward in FIGURE 3 and upward in FIGURE 1.

Low-density lipoprotein (LDL) and its phospholipids have some effect on
events in FIGURE 3. When inflammatory sites oxidize those phospholipids,
they create a platelet activating factor (PAF) agonist that binds the PAF recep-
tor, causing calcium influx plus a stronger inflammatory response. That pro-
cess has been understood, published, and well accepted for a decade. PAF and
PAF mimics are potent calcium ionophores and inflammatory agents in mam-
malian tissue.'® Electron beam computerized tomography, described in this
volume by Dr. Harvey Hecht,!! gives a good measure of atherosclerosis by
measuring calcium accumulation. We need to learn more about what causes
calcium to accumulate and how to prevent it and reverse the effect. Like LDL,
high-density lipoprotein (HDL) is an aggregation of proteins, some of which
are anti-inflammatory enzymes that destroy PAF and the oxidized phospho-
lipid, preventing them from causing calcium entry and inflammation.'®

Membrane phospholipids are limited in abundance, and the HUFAs com-
pete for the limited space. If you eat a lot of n-6 fat, it displaces n-3 HUFAs
and enhances n-6 eicosanoid formation (Fic. 3). If you eat a lot of n-3 fat, it
displaces n-6 HUFAs. The enzymes are promiscuous and don’t discriminate
much between n-3 and n-6 HUFAs, which means that what you eat can
change your body tissue.!3:14

In the mid-80s, after a Nobel Prize had been awarded for discovery of
eicosanoids and their physiology and I had done years of research on lipid

metabolism and on NSAID mechanisms, it was well-know that n-6 throm- -

boxane caused heart attacks and n-6 prostaglandins caused inflammation.2>
Pfizer gave me a grant to study the relationship between dietary n-6 and n-3
fats and the proportions of n-6 HUFA in body tissues. I developed and pub-
lished an empirical predictive equation.'3:2?




186 ANNALS NEW YORK ACADEMY OF SCIENCES

http://efaeducation.nih.gov
Diversity in Tissue HUFA
-80
A
A4
< 70 :
L.
=
T €0
3
=
£ 50 -
v
20—
t.?
£ 0
S 39 -
3
> .
g 20 D. -
g 20 30 40 50 60 70 80
Predicted Diet-Based Values < '———

FIGURE 4. Predicted proportions of HUFA fit observed proportions. Previously
presented® in 2003.

Sadly, I don’t think many people read those papers, and I don’t think any-
one used the equation.? T then put it into a spreadsheet so people are not re-
quired to do any algebra. They can simply put numbers into a table and let
the spreadsheet calculate the likely outcome.” FIGURE 4 shows that the equa-
tion predicts outcome with a correlation coefficient greater than 0.95. Dieti-
tians carefully monitored the food that people ate, and that information
inserted into the equation predicted values of the percentage of n-6 HUFAs
in the total HUFA value. There is a good fit between predicted HUFA propor-
tions and those observed by gas chromatographic analysis.?

The vertical scatter may be due to proteomics and genomics, whereas hor-
izontal scatter is likely due to imprecise interviews. The group of people rep-
resented in the upper right hand in FIGURE 4 were 35-year-old Chicago
women. The diamonds represent a group of 45-year-old dietitians in the cities
of Japan, and the squares show 55-year-old rural Japanese men. They are all
healthy people eating what they choose. The mean value for all peopleé in ei-

Shup:/iefaeducation.nih.gov/sigthufacale.him]
Phttp:tjefaeducation.nih.gov/sig/dietbalance himl
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ther FIGURE 4 or FIGURE 1 would not reveal much about any individual value
or the risk of any individual in the group. Those who ate more dietary n-6 as
linoleic acid (of which Americans eat a lot) acquired predictably higher pro-
portions of n-6 HUFAs.!3-30

I used the Pfizer grant to develop a diet-tissue relationship because people
doing clinical interventions were making ineffective changes in the diet, too
little and too late. Now you can sit down and plan effectively with a little
“pocket calculator” at the learning site/ The outcome depends on four kinds
of dietary essential fatty acid: the 18 carbon n-3 and n-6 and the long-chain
n-3 and n-6 HUFA. Diet-tissue calculations can now be handled in a simple
spreadsheet, using no algebra or arithmetic.

To illustrate the diet-tissue relationship, the family of curves in FIGURE 5
indicate how different mixtures of n-6 linoleate and n-3 HUFA in daily food
create tissue HUFA proportions. Four different ethnic groups are shown as
ovals. We still have a long way to go from the HUFA status for average Amer-
icans (200 deaths per 100,000 people) to where we might like to be. One can-
not choose one’s parents or one’s genetics, but one can choose the food one
puts in one’s mouth.3? It’s a simple intervention for someone who is properly
informed.

http://efaeducation.nih.gov
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The HUFA proportions for 3,000 Quebec residents ranged from 1510 91%
n-6 HUFA. From FIGURE 2, people can choose their comfort level: what
HUFA value they would like to have, and what heart attack risk they would
accept. Many people don’t want to choose; they want to be told the optimum
value. FIGURE 2 makes it obvious that there is no optimum. As you go to high-
er proportions of n-6 HUFA, the risk grows worse.

Others can see the relationship and risk, but they want to be told which
foods are best (o eat. Although the distance-learning sites provide a great deal
of background information, I decided to use the USDA data base of 6,000 dif-
ferent foods, more than 12,000 servings of food, to create an interactive, com-
puterized, personalized, daily menu-planning program that can be down-
loaded free.* The program allows users to choose foods they want to eat, and
it keeps the data managed to let them see whether the daily totals meet their
personal goals of cardiovascular risk. The food software takes lifestyle infor-
mation and tells users what their recommended daily energy allowance is (a
value that most sedentary Americans exceed).3! It also gives some back-
ground concepts of risk, and then asks users to choose their risk level and be-
gin choosing foods. Once they look at specific foods, they can begin to see
where the omega 6 is entering their diet. For example, the software tells users
that the USDA describes a serving of applesauce as having 583 milligrams of
18-carbon omega-6 and only 48 milligrams of omega-3 with no long-chain
HUFAs. You can’t find any food that doesn’t have quite a few milligrams of
n-6 linoleate. People producing foods put in n-6-rich oils and raise the level
even higher; some breads and muffins have huge amounts. The interactive
software shows details and gives the bottom line—total daily total calories
and the likely surrogate outcome of HUFA proportions. It also gives a few
other dietary facts that dietitians are concerned about and want to convey.

What people really need to know is that their caloric intake is correct and
their proportions of eicosanoid precursors are where they want them to be.
The nature of a mealtime is that people eat more than they need at that mo-
ment and then have transient excess. That excess and its transient postpran-
dial oxidant stress is the beginning of a problem.

If people ate only one meal a day, they would have a large bolus of carbons
and electrons entering metabolic pathways. The liver would to make free rad-
icals (and also make cholesterol) and the endothelial cells would respond
with oxidant stress due to that postprandial bolus. If people ate smaller meals,
five times a day, they would have smaller and more reversible oxidant stress;
it would be still lower, with more n-3 and less n-6 HUFASs in the tissues. To
take in less energy per meal, people should eat several small meals or snacks
if they want. One of the underlying rules is to eat no more than you need.

The top predicted causes of death and disability32 worldwide for 2020
(ischemic heart disease and unipolar major depression), and three top causes

*hitp:/fefacducation nih.gov/sig/kim.html
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in developed regions (ischemic heart disease, cerebrovascular disease, and
unipolar major depression) all seem linked to imbalanced omega-3 and
omega-6 actions in tissues. We knew about n-6 eicosanoid mechanisms for
thrombosis and inflammation 25 to 30 years ago. In the past five years, in-
creasing evidence suggests that major depression, post-partum depression,
and behavior disorders also relate to imbalances in omega-3 and omega-6 di-
etary intakes. Additional evidence showed important actions of n-3 HUFAs
in brain function,? and the American Heart Association recently urged put-
ting more n-3 HUFASs into daily diets.>® The growing awareness of the im-
portance of balancing n-3 and n-6 fats is evident from the single major
personal health change recommended recently by the health and nutrition di-
vision members of the American Oil Chemists™ Society: to eat more fish and
take an omega-3 supplement.3 Also, their most frequent advice to other
people was to eat more seafood and fish.

In this volume, Dr. Richard Cutler3® has given us a philosophical view of
these issues. We tend to simplify matters that‘are complex. We use words like
“gene” or “the genome” or “inflammation” or “aging,” as if these phenomena
were a single entity when, in fact, they are a mass of ill-defined parts. On the
other hand, some things that are actually simple seem complex. FIGURE 3 out-
lines the chain of events that lead from food choices to morbidity and mortal-
ity. Three types of medication (aspirin, nitroglycerin, and statins) are noted,
to show the step in the process at which these familiar drugs intervene. How-
ever, when we recognize the initial imbalances in our nutrition that cause car-
diovascular death, we can design more effective prlmary prevention and
better nutrition education for the publlc

Inflammation was always important in vascular disease, and it was driven
by excessive n-6 eicosanoid actions amplifying results of excessive food en-
ergy, producing more carbon and electrons than the body could deal with at
any given moment. That led to increased cytosolic acetyl-CoA and HMG-
CoA, which led to more mevalonate and prenylated proteins (FIG. 3) which
are having effects that we didn’t recognize 20 years ago. Some prenylated
proteins block synthesis of nitric oxide and enhance inflammation. They
come about because HMG-CoA reductase is pushed into making more meva-
lonate than necessary. We knew 25 years ago that plasma cholesterol gave
negative feedback that suppressed cholesterol biosynthesis. We subsequently
learned that plasma cholesterol suppresses the proteolysis of sterol regula-
tory element-binding protein, slowing activation of genes expressing fat-
forming enzymes. The misimpression that cholesterol (a marker of excessive
HMG-CoA reductase action) has been killing people, when the killers are ac-
tually vascular inflammation, thrombosis and arrhythm1a is one of the trag-
edies of biomedical science. 26.27

The discussion in FIGURE 3 notes that lipoprotein (LDL) has phospholipids
that form highly potent inflammatory agents on oxidation, regardless of cho-
lesterol. Phospholipids in the LDL may be deadly. HDL may have cholesterol

3
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(and it has phospholipids), but it has enzymes that neutralize inflammatory
oxidized phospholipid PAF mimics and PAE37 So HDL is beneficial and
LDL is harmful, but it’s absurd to talk about “bad cholesterol” and “good
cholesterol.” We can hope that the tragic detour that delayed understanding
of nutritional causes and preventive interventions is nearly over, and that the
organizations that could provide the necessary information will do so. Then
a new day will dawn for the young people in whom every successive year per-

petuates the slow progressive injury that leads to cardiovascular disease and
death. '
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