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Señor

SUPERINTENDENTE DE INDUSTRIA Y COMERCIO 

DIVISIÓN DE NUEVAS CREACIONES 

E. _____  S. D.

Re: PI.-A SH A  N U T R IT IO N  SCIENCES. INC.-Solidtud de Patente de

Invención en Fase Naciona! PCX para "FORMULACIONES  

N U T R IT IV A S  O P TIM IZA D A S . MÉTODOS PARA LA SELECCIÓN  

DE DIETAS ADAPTADAS A PA RTIR  DE LAS M ISM A S. Y 

MÉTODOS PARA U T IL IZ A R  LAS M IS M A S '.-C lase A 23L 1 /2 9 . -  

Expediente número 1 3 -1 0 3 .3 7 4

1. Me refiero al auto dictado por ese Despacho notificado por fijación en lista 

de 29 de Julio de 2014.

2. Con el fin de responder las objeciones expuestas por el Señor Exam inador 

en su Concepto Técnico correspondiente al Oficio No. 9 2 2 6 , bajo los acápites de 

excepciones a la patentabilidad, reivindicaciones relativas a un uso o a un 

segundo uso, unidad de invención, claridad y novedad de la presente solicitud, 

me perm ito d irig ir su atención a las siguientes modificaciones y  argum entos 

técnicos por medio de los cuales no sólo se superan com pletam ente dichas 

objeciones sino que además se establece de manera incontrovertib le  la 

patentabilidad de la solicitud en estudio.

3. M odificaciones en el cap ítu lo  re iv ind icatorío

In lc ia lm ente me perm ito  señalar que, como parte de la respuesta a las 

objeciones realizadas por el señor Examinador, el solic itante ha decidido 

presentar un nuevo capítulo re ivindicatorío, el cual está conform ado por 15 

reivindicaciones cuyo sustento en la descripción y el capítulo re ivindicatorío 

presentado orig inalm ente se analiza a continuación:
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• La nueva reivindicación 1 está soportada en la reivindicación 4

actualm ente presentada y en las páginas 77 (líneas 17 a 21) y 88 (se,^undo 

párrafo) de la descripción;

• La nueva reivindicación 2 está soportada en la página 94 (líneas 17 a 

20), 95 (ú ltim o  párrafo) y 96 (dos ú ltim os párrafos) de la descripción;

• La nueva reivindicación 3 encuentra pleno sustento en la

reivindicación 16 actualm ente presentada;

• La nueva reivindicación 4 corresponde a la reivindicación 1

actualm ente presentada;

• La nueva reivindicación 5 corresponde básicamente a las

reivindicaciones 5 y 17 actualm ente presentadas, en las cuales sin embargo se 

ha elim inado el numeral ( iii) ;

•  La nueva reivindicación 6 encuentra pleno sustento en el numeral (iii)

de las reivindicaciones 5 y 17 actualm ente presentadas;

• La nueva reivindicación 7 corresponde a. las reivindicaciones 6 y 18

actualm ente presentadas;

• La nueva reivindicación 8 corresponde a las reivindicaciones 7 y 19

actualm ente presentadas;

• La nueva reivindicación 9 corresponde a las reivindicaciones 8 y 20

actualm ente presentadas;

• La nueva reivindicación 10 encuentra pleno sustento en los numerales

(0 / (v ), (v ii) y (v iii) de la reivindicación 9 actualm ente presentada;

• La nueva reivindicación 11 encuentra pleno sustento en las páginas

94 a 96 de la descripción;

• La nueva reivindicación 12 está soportada en las páginas 93 y 94 de

la descripción;

• La nueva reivindicación 13 corresponde a la reivindicación 22

actualm ente presentada;
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• La nueva reivindicación 14 está soportada en las reivindicaciones 2, 

10 y 23 actualm ente presentadas; y,

• La nueva reivindicación 15 corresponde a la reivindicación 24 

actualm ente presentada.

Con base en lo an te rio r me perm ito m anifestar que las modificaciones 

realizadas en el capítulo re ivindicatorío de ninguna manera amplían el alcance de 

la solicitud presentada orig inalm ente, cum pliendo a caballdad con las 

disposiciones de patentabilidad establecidas en el artículo 34 de la Decisión 486 

de 2000.

4. Excepciones a la p aten tab ilid ad

De acuerdo con el señor Examinador, el objeto  de las reivindicaciones 1 a 

3, 5 a 7, 9, 10, 14 a 23, 28 y 29 no es patentadle de acuerdo con el artículo 20 

de la Decisión 486 de 2000 -  lite ra l (d ), puesto que hacen referencia a un 

m étodo de tra tam ien to  humano.

En respuesta a lo an te rio r me perm ito m anifestar ante ese Despacho que, 

de conform idad con las modificaciones realizadas, el nuevo capítulo 

re ivindicatorío de la solicitud de patente en cuestión de ninguna manera se 

encuentra d irig ido a proteger métodos de tra tam ien to  que caigan dentro de las 

excepciones a la patentabilidad establecidas en el litera l (d) del artículo 20 de la 

Decisión 486 de 2000, con lo cual se supera com pletam ente la objeción realizada 

por el señor Examinador a éste respecto.

5. Reivindicaciones re la tivas  a un uso o a un segundo uso

De acuerdo con el señor Examinador, el uso de las reivindicaciones 11, 12, 

13, 25, 26 y 27 no es patentadle.

Atendiendo a lo ante rio r y  de conform idad con lo mencionado en el numeral 

3 del presente m em oria l, me perm ito señalar que el nuevo capítulo 

re ivindicatorío de ninguna manera hace referencia a usos y /o  segundos usos, con 

lo cual se supera com pletam ente la objeción realizada por el señor Exam inador a 

éste respecto.
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6. Unidad de invención

En opinión del señor Exam inador la solicitud en cuestión no cumple con el 

requisito de unidad de invención porque se refiere a dos grupos inventivos: Una 

form ulación nu tritiva  y un sistema computarizado.

Con respecto a lo an te rio r me perm ito señalar lo siguiente:

• Las nuevas reivindicaciones 1, 2, 3 y 4 de la presente invención 

com parten un concepto común inventivo, toda vez que se refieren a 

form ulaciones nu tritivas  para un individuo y a los procesos y métodos pi^ra 

seleccionar dichas form ulaciones nutritivas con un enfoque particu lar sobre la 

correcta entrega de fitoquím icos y líptdos en el organismo (ta l y como se 

analizará en detalle más adelante, los ácidos grasos son una clase particu lar de 

lípidos y estos a su vez son una clase particu lar de fitoquím icos);

• Ahora bien, el sistema com putarizado de la nueva reivindicación 15 se 

encuentra d irectam ente relacionado con el proceso para seleccionar las 

form ulaciones nutritivas de la presente Invención, y por lo tanto es claro que 

dicha nueva reivindicación 15 tam bién Comparte el m ismo concepto inventivo 

con las reivindicaciones independientes 1, 2, 3 y 4.

Visto lo an te rio r a tentam ente solicito al señor Examinador la 

reconsideración de las objeciones realizadas en éste sentido.

7. Claridad v concisión del cap ítu lo  re iv ind icatorío

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

Despacho, atentam ente me perm ito  señalar lo siguiente:

• De conform idad con lo mencionado en el numeral 3 del pr-esente 

m em orial, el capítulo re ivindicatorío ha sido drásticam ente restring ido (se pasó 

de 29 reivindicaciones a 15 reivindicaciones), brindando claridad y concisión a la 

m ateria que se pretende proteger;

• Adiclonalmente, las form ulaciones reveladas en la presente Invención 

han sido definidas a partir de sus componentes específicos y de la relación 

existente entre  dichos componentes, m ientras que los procesos y métodos 

revelados se encuentran debidamente definidos a partir de las etapas y 

condiciones específicas para que sean ejecutados.
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Con base en lo ante rio r me perm ito m anifestar ante ese Despacho que el 

nuevo capítulo re ivindicatorío cumple a caballdad con las disposiciones de 

patentabilidad establecidas en ei artículo 30 de la Decisión 486 de 2000, toda vez 

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

8. Novedad de la invención

Finalmente, el señor Exam inador ha ob je tado 'la  novedad de la invención en 

cuestión con base en las enseñanzas de los siguientes docum entos: US 

2004/001874 (D I) ,  US 2006/280840 (D 2), US 2009/220649 (0 3 ) y US 

2003/225731 (D4).

En respuesta a lo an te rio r y con el ánim o de dem ostrar que el nuevo 

capítulo re ivindicatorío es novedoso fren te  a las enseñanzas de los documentos

D I a D4, a tentam ente me perm ito presentar las siguientes consideraciones

técnicas:

• La nueva reivindicación 1 define dos condiciones principales que 

deben cum plir las form ulaciones allí reveladas:

1) Es una form ulación nu tritiva  para un individuo que comprende al 

menos un módulo para el consumo por parte de un consum idor, y donde la 

form ulación comprende:

Uno o más nutrientes en cada módulo, y

Cantidades y tipos de fitoquím icos, antioxidantes, vitam inas, m inerales, 

ácido-base, iípídos, proteínas, carbohidratos, probióticos, prebióticos, 

m icroorganism os y fibra, y  o tros nutrientes que se optim izan y se 

equilibran para proporcionar un beneficio de salud

2) Se utilizan una o más porciones de la form ulación nutricional para

proporcionar al menos el 25%  de las calorías diarias promedio ai

consum idor durante una o más semanas.

• Por su parte, el docum ento D I no divulga form ulaciones que 

comprendan cualquiera de los siguientes nutrientes: fitoquím icos, lípidos, ácido- 

base, proteínas, carbohidratos, probióticos, prebióticos, m icroorganism os y fibra.

En efecto, si bien en el párrafo 22 de D I se mencionan esteróles (tales 

como beta-sistostero l, cam pesterol, estigm astero l y brasicasterol) y aceite de 

pescado (el cual contiene ácidos grasos om ega-3, tales como ERA y DMA), los 

esteróles son sim plem ente un subgrupo dentro denlos fitoquím icos, y  los ácidos
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grasos om ega-3 son un subgrupo dentro de los lípidos. En consecuencia, D I no 

divulga todos los nutrientes mencionados en la nueva reivindicación 1 de la 

presente invención, los cuales adicionalmente se caracterizan específicamente 

porque se encuentran optim izados y equilibrados para proporcionar un beneficio 

a la salud.

Adicionalmente, en el documento D I no se hace mención alguna a 

'calorías', y por lo tan to  en dicha anterioridad tampoco se hace referencia alguna 

a la segunda condición de la nueva reivindicación 1 de la presente Invención, 

esto es, a que las form ulaciones nutritivas de la presente invención proporcionan 

al menos el 25% de las calorías diarias promedio al consumidor durante una o 

más semanas.

De lo an te rio r es claro que el documento D I no enseña ninguna de las dos 

condiciones técnicas definidas en la nueva reivindicación 1 de la presente 

invención.

• Por su parte, el documento D2 tam poco menciona al!guno de los 

siguientes nutrientes: fitoquím icos, lípidos, ácido-base, probióticos, prebióticos y 

m icroorganismos.

En este sentido, si bien en D2 se mencionan ácidos grasos orhega-3, éstos 

son tan sólo un subgrupo dentro de los lípidos. Así mismo, en la Tabja 2 de D2 se 

mencionan los lípidos totales como parte de la composición química del huevo de 

gallina, lo cual de ninguna manera afecta la novedad de la reivindicación 1 de la 

presente invención.

En consecuencia, D2 no divulga todos los nutrientes mencionados en la 

nueva reivindicación 1 de la presente invención, los cuales adicionalm ente se 

caracterizan específicamente porque se encuentran optim izados y equilibrados 

para proporcionar un beneficio a la salud.

Adicionalmente, en el documento D2 no se hace mención alguna a la 

segunda condición de la nueva reivindicación 1 de la presente invención, esto es, 

a que las form ulaciones nutritivas de la presente invención proporcionan al 

menos el 25%  de las calorías diarias promedio al consumidor durante una o más 

semanas.

De lo an te rio r es claro que el documento 02  tam poco enseña alguna de las 

dos condiciones técnicas definidas en la nueva reivindicación 1 de la presente 

invención.
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• El documento D3 tam poco menciona alguno de los siguientes

nutrientes: fitoquím icos, lípidos, ácido-base, probióticos, prebióticos y

m icroorganismos.

En este sentido, en D3 se mencionan los ácidos grasos omega, los cuales 

son tan sólo un subgrupo dentro de los lípidos. En consecuencia, D3 no divulga 

todos los nutrientes mencionados en la nueva reivindicación 1 de la presente 

invención, los cuales adicionalmente se caracterizan específicamente porque se 

encuentran optim izados y equilibrados para proporcionar un beneficio a la salud.

•  El docum ento D4 tam poco menciona alguno de los siguientes 

nutrientes: fitoquím icos, lípidos, antioxidantes, vitam inas, m inerales ácido-base, 

probióticos, prebióticos y m icroorganismos.

En este sentido, en D4 se mencionan las grasas (SFA, MUFA, PUPA), lo cual 

corresponde tan sólo a un subgrupo dentro de los lípidos. En consecuencia, D4 

no divulga todos los nutrientes mencionados en la nueva reivindicación 1 de la 

presente invención, los cuales adiclonalm ente se caracterizan específicamente 

porque se encuentran optim izados y equilibrados para proporcionar un beneficio 

a la salud.

A manera de resumen de lo planteado previam ente, a tentam ente me 

perm ito  presentar ante ese Despacho una Tabla que incorpora los nutrientes que 

son optim izados y balanceados sobre una dieta de una o más semanas, y  que 

corresponden a al menos el 25%  de las calorías promedio diarias de acuerdo con 

la reivindicación de la presente invención:

N u trie n te D I 0 2 D3 D4

Fitoquím icos No menciona No menciona No menciona No menciona

A ntiox idantes No menciona

V itam inas No menciona

M inerales No menciona

Acido-base No menciona No menciona No menciona

Lípidos No menciona No menciona No menciona

Proteínas No menciona

Carbohidratos No menciona

Prebióticos No menciona No menciona No menciona No menciona

Probióticos No menciona No menciona No menciona No menciona

M icroorganism os No menciona No menciona No menciona No menciona

Fibra No menciona
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• Sumado a lo anterio r, considero relevante destacar ante ese 

Despacho que los ácidos grasos, tales como om ega-3, omega-6 y ácidos grasos 

m ono-insaturados, poli-insaturados y saturados, corresponden sim plem ente a un 

subgrupo dentro de los lípido, m ientras que el térm ino 'grasa* hace referencia a 

trig licéridos (los cuales son o tro  subgrupo dentro  de los Üpidos). En este sentido, 

los lípidos comprenden ácidos grasos libres, m ono-glicéridos. d i-glicéridos, tr i-  

glicérídos, v itam inas A, E, D, K, carotenoldes, esteróles, ceras y otros tantos 

compuestos fenólicos (Ver el documento Fahv e t al. J. Lioid Res. 2005. 4 6 :8 3 9 -  

861 and The JVomenc/ature o fL io id s . J Upid Res. 1978 J a n : l9 f l) :1 1 4 -2 8 .  ei cual 

corresponde al ANEXO I I  del presente m em oria il.

Por su parte, es claro que los lípidos hacen parte de un grupo general de 

compuestos químicos, denominado fitoquím icos, y por lo tan to , es claro que la 

existencia de una referencia particu lar a un constituyente específico que cae 

dentro de dicho grupo general (ta l como lo hacen los documentos D I a D4) de 

ninguna manera implica la Inexistencia de novedad frente a las enseñanzas de 

ta les anterioridades.

• Adicionalm ente me perm ito resaltar una vez más ante ese Despacho 

que la nueva reivindicación 1 de la presente invención define explícitam ente que 

los nutrientes allí listados se optim izan y se equilibran cuando se utilizan una o 

más porciones de la form ulación nutricional para proporcionar al menos el 25% 

de las calorías diarias promedio al consum idor durante una o más semanas, lo 

cual de ninguna manera es enseñado o sugerido en los documentos D I a D4,

• Ahora, ta l y como es plenamente conocido por ese Despacho, la 

novedad de una invención únicamente puede verse afectada si un único 

documento del estado de la técnica ante rio r d ivulga todas las características 

técnicas de la materia a proteger, ta l y como aparece plenamente establecido en 

el num eral 2.12 de la Guía para el examen de patentes de invención y modelos 

de utilidad de la Superintendencia de Industria  y Comercio.

• También considero relevante destacar que en la descripción de la 

solicitud de patente en cuestión se divulga en detalle que existe una serie de 

nutrientes, incluyendo antioxidante, fitoquím icos y otros lípidos, que pueden 

afectar el m etabolism o de los ácidos grasos om ega-3 y omega-6, lo cual 

tampoco es enseñado en las anterioridades D I a D4 señaladas por ese 

Despacho.

• Ahora bien, con respecto a la nueva reivindicación 2 de la solicitud de 

patente en cuestión considero de gran im portancia destacar que ésta se refiere a 

'una form ulación nu tritiva  que comprende a i menos un módulo, m ediante el cual
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se proporciona a un individuo una dosis de ácidos grasos om ega-6 y om ega-3 en 

una reiación de om ega-6 a om ega-3 de 5:1 o m ayor, y  donde: ( i)  Los ácidos 

grasos om ega-6 son m ayores que el 20%  del peso to ta l de líp idos; o, ( ii)  La 

dosis de ácidos grasos de om ega-6 es m enor que 40 gramos, y  la dosis de ácidos 

grasos om ega-3 es m enor que 2 gramos.

En este sentido me perm ito m anifestar ante ese Despacho que en los 

documentos D I a D4 se mencionan enseñanzas radicalm ente opuestas a dicha 

m ateria revelada en ia nueva reivindicación 2 de la presente invención, creando 

una serie de vacíos técnicos por los cuales para la persona medianam ente 

versada e la m ateria no sería posible obtener la solución técnica brindada por el 

solic itante de la presente invención.

En efecto, me perm ito poner en consideración de ese Despacho lo 

siguiente:

i. El arte previo enseña enfáticam ente la utilización de una relación 

entre ácidos grasos omega-3 y om ega-6 m enor que 4 :1 , y 

adicionalm ente no menciona las condiciones bajo las cuales pueden 

emplearse relaciones menores.

lí. El arte previo enseña enfáticam ente la necesidad de consum ir 

cantidades re lativam ente altas de EPA y DMA.

iii. El arte previo no menciona y tam poco considera la concentración de 

om ega-3 y om ega-6 con respecto a otros lípidos. En este sentido, tan 

sólo hace alusión a porcentajes de ácidos grasos, de grasas o de 

calorías.

iv. Ei arte previo enseña tácitam ente la dism inución en el consumo de 

om ega-6, recomendando que corresponda a menos del 4%  e incluso 

menos del 1% de las calorías.

V .  El arte previo no enseña la im portancia de la dosificación, lo que lleva

a que en todas las anterioridades de haga referencia a relaciones

indeterm inadas entre productos nutritivos.

vi. En el arte previo se recomienda ei consumo de nutrientes que 

suprim en ia actividad y el m etabolism o del om ega-6 como agente 

anti-in flam atorio , lo anterio r sin que ni siquiera se haga alusión a las 

consecuencias de una deficiencia durante tiem pos prolongados de 

dicho ácido graso.

vii. El arte previo no enseña que los antioxidantes y los fitoquím icos (los

cuales tam bién tienden a ser lípidos) pueden reducir la tolerancia y /o

el requerim iento de ácidos grasos omega-3.

v iii. En el arte previo se recomienda enfáticam ente el consumo de ácidos 

grasos m ono-insaturados sin precaución alguna.
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En relación con lo anterior, en la Tabla que se presenta a continuación se 

resumen algunas enseñanzas de dichas publicaciones:

N úm ero Docum ento
Fecha de 

publicación Enseñanza

E l

US5780451 "Producto 
nutric iona l para una 

persona que padece colitis  
u ite ra tiva  "

Abril 1, 
1994

Relación de omega-6 
a om ega-3: 0,32, 
aunque el rango 

preferido es 0 ,25-4,0.
Rango de EPA 

preferido; 16-19,6%  
Rango de DMA 

preferido: 6 ,7 -8 ,3%  
Tabla 10

E2 Noticia de la US-FDA
Septiembre 

de 2004
3 gramos diarios de 

EPA y DHA

E3
EP 1510133A1 

"Composición grasa 
balanceada"

2003

Relación de omega-6 
a omega-3 1:1, el 

omega-6 
representando <10%  

de la composición 
(Resumen y párrafos 
2 y 6), y los ácidos 

grasos mono 
insaturados > 70% 

(párrafo 2)

E4

. Dubnov G. "Acidos grasos 
om ega-6 y enferm edad  

arte ria l coronaria: Pros y 
contras". Current 

Atherosclerosis reports, 
2004, 6 :441-446 .

Noviembre 
de 2004

Relación de omega-6 
a omega-3 -1 :1  

(página 441, columna 
1, párrafo 1)

E5

H'Ulbert A. "Grasas dictarías  
y función de m em brana: 

Im plicaciones para ei 
m etabolism o y  la 

enferm edad". Biol. Rev. 
(2005), 80, pp. 155-169.

Febrero de
2005

Relación de omega-6 
a omega-3 -1 :1  

(página 441, columna 
1, párrafo 1)

E6

Hamazaki et. ai. "La 
sociedad japonesa de 

nutric ión de lípidos 
recomienda reduc ir el 

consumo de ácido linoleico. 
Una revisión y crítica a ia 

evidencia científica". World 
Rev N u tr Diet. 2003; 92: 

109-32.

2003

El consumo de 
omega-6 (AL) debe 

corresponder a entre 
3-4%  de porcentaje 
de energía (página 
130 - Conclusiones)

E7

Lands WE. "Grasa d ietaria  y 
salud: La evidencia y  la 
política de prevención". 

Lands, Ann. N.Y. Acad. Sci. 
X055: 179-192 (2005)

2005

El consumo de 
om ega-6 (AL) debe 

corresponder al 0,5%  
de calorías (página 

183)

1 0
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Con respecto a lo anterio r, a tentam ente me perm ito d irig ir la atención del 

señor Examinador a lo siguiente;

Entre un 3-4%  de om ega-6 como porcentaje de calorías tota les (de 

acuerdo con E6) es igual a menos de 11,4%  de la grasa to ta l sobre la base de 

35%  de calorías provenientes de la grasa consumida que generalm ente se 

recomienda (4% /35%  = 11,4% ), m ientras que el 0 ,5%  de om ega-6 como 

porcentaje de calorías (de acuerdo con E7) equivale a -1 ,4 2 %  de grasa tota l 

(0 ,5% /3 5%  = 1,42% ).

Contrario a lo anterio r, la reivindicación 2 (ii) de conform idad con la 

presente invención establece que la dosis de ácido graso om ega-6 es m ayor a 40 

gramos, va lor m arcadamente d iferente al -1  gramo enseñado en E7 (0 ,5  calorías 

para una dieta calórica de 1800 0 ,5x1800= 9 calorías o 1 gram o).

Adiclonalm ente, en dicha nueva reivindicación 2 (ii) se enseña que la 

dosis de ácidos grasos om ega-3 es m enor a 2 gramos, va lor radicalm ente 

opuesto a las grandes cantidades enseñadas en el arte previo, particu larm ente 

en los docum entos E l y  E2.

• Finalmente y aparte de todo lo mencionado previam ente me perm ito 

señalar que los documentos D I,  D2, D3 y D4 arriba analizados tam bién fueron 

mencionados en el Reporte de Búsqueda Internacional realizado por la Oficina 

Coreana de Propiedad Inte lectua l. Sin embargo, ta l y  como lo podrá corroborar el 

señor Examinador, dicha Oficina internacional catalogó tales documentos D I a 

D4 como categoría "A", esto es, como documentos que definen el estado general 

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

Ante todo es preciso señalar que con la Información mencionada 

anterio rm ente  de ninguna manera pretendo desconocer la independencia de la 

que goza la Superintendencia de Industria  y Comercio al m om ento de analizar 

los m éritos de patentabilidad de una solicitud, de acuerdo con las disposiciones 

del Convenio de París para la protección de la propiedad Industrial.

Sin embargo, sí considero de gran im portancia resa ltar el hecho de que la 

materia técnica revelada en la solicitud de patente en cuestión ha sido 

catalogada como novedosa por los Examinadores de la Oficina Coreana de

11
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patentes (actuando como Oficina internacional), hecho que evidentem ente 

representa un claro indicio de que la solicitud de patente en cuestión cumple a 

caballdad con los requisitos de patentabilidad establecidos en la Decisión 486 de 

2000 .

Visto lo an te rio r me perm ito m anifestar que el nuevo capítulo 

re ivindicatorío es novedoso frente  a las enseñanzas de cualquiera de los 

documentos D I a D4, cum pliendo por lo tan to  a caballdad con las disposiciones 

de patentabilidad establecidas en el artículo 16 de la Decisión 486 de 2000.

9. Conclusión

Para fina lizar me perm ito resaltar que el capítulo re ivindicatorío modificado 

presentado ju n to  con este memorial es to ta lm ente  claro y conciso al reclam ar la 

materia de la Invención, cumpliendo así con lo exigido por la mencionada 

Decisión Andina 486 de 2000.

Por o tro  lado, en v irtud  de los argum entos discutidos con, respecto a los 

documentos citados, se estableció de manera incontrovertib le  que las 

form ulaciones, procesos y métodos que son objeto  de la solicitud en estudio, de 

ninguna manera habían sido divulgadas en dichos documentos, dem ostrando 

irrefu tab lem ente la patentabilidad de la presente solicitud.

10. Anexo me perm ito presentar:

I. Copia de las páginas 1 a 6, que corresponde al nuevo capítulo 

re ivindicatorío, el cual está compuesto por quince (15 ) 

reivindicaciones y reemplaza al documento actualm ente presentado;

il. Copia del documento: Fahy et al. J. Upid Res. 2005. 4 5 :8 39 -8 6 1 ;

iil. Copia del docum ento: The Nomenclatura o f Lipids, J Lipid Res. 1978

Jan; 1 9 ( l) :1 1 4 -2 8 ; y,

iv. Copia del documento: Lands, Ann. N.Y. Acad. Sel.' 1055; 179-192 

(2005)

1 2
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11. En vista de lo anterior, ruego a usted proceder a estud iar nuevamente la 

solicitud a la luz de las modificaciones y los argum entos presentados y conceder 

el privilegio de patente solicitado.

Señor Superintendente,

l l A - '

ALICIA LLOREDA RICAURTE 

T. P. 53.215

Dirección para Notificaciones; notificacionespatentes@ lloredacamacho.com
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REIVINDICACIONES

1. Una formulación nutritiva para un individuo que comprende al menos un módulo para 

el consumo por parte de un consumidor, la formulación caracterizada porque comprende: 

uno o más nutrientes en cada módulo,

en donde la formulación nutritiva comprende cantidades y tipos de fitoquímicos, 

antioxidantes, vitaminas, minerales, ácido-base, lípidos, proteínas, carbohidratos, 

probióticos, prebióticos, microorganismos y fibra, y otros nutrientes que se optimizan 

y se equilibran para proporcionar un beneficio de salud cuando se utilizan una o más 

porciones de la formulación nutricional para proporcionar al menos el 25% de las 

calorías diarias promedio al consumidor durante una o más semanas.

2. Una formulación nutritiva que comprende al menos un módulo, mediante el cual se 

proporciona a un individuo una dosis de ácidos grasos omega-6 y omega-3 en una 

relación de omega-6 a omega-3 de 5:1 o mayor, y donde:

(i) Los ácidos grasos omega-6 son mayores que el 20% del peso total de lípidos; o.

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

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 porque comprende:

proporcionar una o más listas de artículos alimenticios o módulos que comprendan nutrientes 

para el consumo diario promedio por parte de un sujeto;

en donde los artículos alimenticios comprenden al menos el 25% de la ingesta calórica 

diaria promedio del sujeto durante al menos una semana;

en donde los artículos alimenticios comprenden además una pluralidad de 

nutrientes seleccionados de fitoquímicos, antioxidantes, vitaminas, minerales, 

simbióticos, probióticos, prebióticos, 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 forma que se proporcione al sujeto un efecto 

benéfico.

4. Un método para seleccionar una formulación nutritiva o un plan para un individuo, 

caracterizado porque comprende:

determinar para el individuo un grupo de dieta, el grupo tendrá alto contenido de 

alimentos vegetales, alto contenido de carne o alto contenido de mariscos; y 

suplementar la dieta del individuo con uno o más módulos nutricíonales que



comprenden uno o más de aceites naturales, mantequillas, margarinas, nueces, 

semillas, hierbas, vitaminas y minerales, para equilibrar el estado nutricional del 

individuo.

5. La formulación de acuerdo con cualquiera de las reivindicaciones 1 y 2, el proceso de la 

reivindicación 3, o el método de la reivindicación 4, donde la determinación de la fórmula 

nutritiva o el proceso para desarrollar un programa de consumo de nutrientes, comprende 

uno o más de los siguientes:

(i) determinar un grupo del individuo con base en los ingredientes dietéticos primarios 

de la dieta diaria o semanal del sujeto al comparar los niveles de uno o . más 

antioxidantes, fitoquímicos, vitaminas, minerales, lípidos, carbohidratos, y proteínas 

provenientes de alimentos que comprenden la dieta del sujeto con niveles en un 

conjunto de grupos predeterminados;

(ii) determinar un grupo con base en el consumo diario promedio de uno o más de 

granos, vegetales, frutas, legumbres, lácteos, carnes, mariscos, hierbas, edulcorantes y 

bebidas; o,

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

temperatura climática o condición médica.

6. La formulación de acuerdo con cualquiera o más de las reivindicaciones 1, 2 y 5, o el 

proceso de cualquiera o más de las reivindicaciones 3 a 5, donde la determinación de la 

fórmula nutritiva o el proceso para desarrollar un programa de consumo de nutrientes, 

comprende seleccionar un grupo dietario entre los basados en vegetales, los basados 

en came y los basados en mariscos.

7. La formulación de acuerdo con cualquiera o más de las reivindicaciones 1, 2, 5 y 6, el 

proceso de cualquiera o más de las reivindicaciones 3, 5 y 6, o el método de cualquiera o 

más de las reivindicaciones 4 y 5, donde el módulo o uno o más artículos alimenticios 

comprenden uno o más de:

(i) artículos alimenticios suficientes para suplementar la dieta del consumidor y/o uno o 

más nutrientes seleccionados para suplementar un grupo;

(ii) menos de 500 calorías o 25% de calorías 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 legumbres, granos, nueces, 

semillas, envases de carne y/o mariscos, hierbas, lípidos, comidas, bocadillos, 

guarnición, ensalada, postres, lácteos, polvo, puré y/o yogur;

(iv) nutrientes seleccionados a partir de fitoquímicos. lípidos, antioxidantes,. vitaminas, 

minerales, simbióticos, probióticos, prebióticos, microorganismos y fibras;
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(v) artículos alimenticios enteros provenientes de fuentes naturales;

(vi) fuentes naturales de lípidos seleccionados de aceites, mantequillas, margarinas, 

nueces y  semillas;

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

(viii) líquidos, crema o parche para uso tópico.

8. La formulación de acuerdo con cualquiera o más de las reivindicaciones 1, 2 y 5 a 7, el 

proceso de cualquiera o más de las reivindicaciones 3 y 5 a 7, o el método de cualquiera o 

más de las reivindicaciones 4 y 5 a 7, donde uno o más módulos o uno o  más artículos 

alimenticios comprenden uno o más de;

(i) una ingestión dietética diaria parcial o completa de nutrientes para el sujeto;

(ii) suplementos, equilibrios o reemplazos del consumo de alimentos diarios del sujeto 

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

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

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

9. La formulación de acuerdo con cualquiera o más de las reivindicaciones 1, 2 y 5 a 8, el 

proceso de cualquiera o más de las reivindicaciones 3 y 5 a 8, o el método de cualquiera 

o más de las reivindicaciones 4, 5, 7 y 8, donde los artículos alimenticios se seleccionan 

con base en los métodos de procesamiento empleados para preparar el artículo 

alimenticio, y en donde opcionalmente el procesamiento se proporciona de 

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

10. La formulación de acuerdo con cualquiera o más de las reivindicaciones 1, 2 y 5 a 9, 

el proceso de cualquiera o más de las reivindicaciones 3 y 5 a 9, o el método de 

cualquiera o más de las reivindicaciones 4, 5 y 7 a 9, donde uno o más de los siguientes 

aplica;

(i) la proporción de ácidos grasos omega-6 a omega-3 es mayor de 1:1 o mayor de 5:1 o 

mayor de 10:1; o,

(íi) los ácidos grasos omega-6 son mayores que el 20% por peso de los lípidos totales.

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

(iv) los ácidos grasos omega-3 son menos que 2 gramos.

11. La formulación de acuerdo con cualquiera o más de las reivindicaciones 1, 2 y 5 a 10,

el proceso de cualquiera o más de las reivindicaciones 3 y 5 a 10, o el método de 

cualquiera o más de las reivindicaciones 4. 5 y 7 a 10, donde uno o más de los siguientes 

aplica:

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

(ii) la proporción de ácidos grasos mono insaturados a poliinsaturada es menor de 4:1;
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(iü) los ácidos grasos omega-9 son menores del 60% o menores del 50% de los lípidos 

totales:

(iv) los ácidos grasos omega-6 son mayores que el 20% o mayores que el 30% de los 

lípidos totales;

(v) los ácidos grasos omega-3 son menores del 20% o menores del 10% de los lípidos 

totales;

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

(vii) los ácidos grasos omega-3 son menores de 2g o menores de 1g.

12. La formulación de acuerdo con cualquiera o más de las reivindicaciones 1, 2 y 5 a 11, 

ei proceso de cualquiera o más de las reivindicaciones 3 y  5 a 11, o el método de 

cualquiera o más de las reivindicaciones 4, 5 y 7 a 11, comprendiendo uno o más de;

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

(ii) foiato que es menos de 1000. 400 o 100 mcg;

(iii) uno o más fitosteroles que son menos de 1000, 550 o 150 mg;

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

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

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

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

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

(ix) vitamina E alfa/gama que es menos de 0.30%, 0.10% o 0.01% por peso de los lípidos 

totales.

13. El proceso de acuerdo con cualquiera o más de las reivindicaciones 3 y 5 a 12, donde 

la lista proporciona uno o más de los siguientes:

(i) fuentes naturales predeterminadas de lípidos, las fuentes se seleccionan de aceites, 

mantequilla, margarinas, nueces y semillas, y opcionalmente uno o más nutrientes

seleccionados de antioxidantes, fitoquímicos, vitaminas y minerales en cantidades que

optimicen los nutrientes dietéticos de tal forma que la ingesta de lípidos del sujeto 

proporcione un efecto benéfico al sujeto;

(ii) una recomendación para el consumo de artículos alimenticios durante al menor una 

semana;

(iii) en donde los artículos alimenticios listados en el programa para consumo de 

nutrientes se optimizan para adaptar las preferencias del sujeto; o

(iv) los artículos alimenticios que no deberán estar incluidos en la dieta diaria del 

sujeto: deberán estar limitados en la dieta diaria del sujeto; o se deberán agregara la 

dieta diaria del sujeto.
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14. La formulación de acuerdo con cualquiera o más de las reivindicaciones 1, 2 y 5 a 12, 

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

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

que comprende la formulación o los módulos, y  en donde uno o más de los siguientes 

aplica:

(i) el kit comprende porciones individuales de artículos alimenticios para consumo diario:

(ii) el kit comprende porciones individuales de artículos alimenticios para la 

supíementación de la dieta diaria de un sujeto;

(iii) el kit que comprende una etiqueta que comprende al menos una indicación de la 

conveniencia de los módulos o envases para un consumidor con un perfil o grupo 

dietético específico;

(iv) el kit comprende una indicación del límite superior del consumo diario promedio de 

artículos en el kit o módulo; o

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

15. Un sistema computarizado para implementar computacionalmente el proceso de 

conformidad con cualquiera o más 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 información que se relacione con la 

ingesta diaria actual del sujeto en la memoria;

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

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

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

ingesta dietética actual del sujeto; en donde opcionalmente el grupo de dieta del sujeto se:

(i) predetermina e ingresa directamente en el dispositivo de computadora; y/o

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

(Iii) selecciona de basado en vegetales, basado en mariscos y basado en carnes;

(e) una base de datos de nutrientes en la memoria del dispositivo para almacenar los 

lineamientos dietéticos con relación 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 

carbofiidratos, proteína, vitaminas, minerales y fitoquímicos;

(f) una base de conocimientos en la memoria que tenga reglas por manipular la 

información en la base de datos para proporcionar un programa dietético futuro 

recomendado para el usuario, el programa comprende uno o más nutrientes 

seleccionados de antioxidantes, fitoquímicos, fitosteroles, vitaminas y minerales en 

cantidades que optimicen los nutrientes dietéticos para proporcionar un efecto benéfico
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al sujeto, cuando se obtienen a partir de los alimentos listados en programa al menos el 

25% u opcíonalmente al menos el 70% de las calorías diarias promedio del sujeto;

(g) un segundo programa de aplicación, para ejecución en el dispositivo de computadora, 

para aplicar las reglas en la base de conocimientos para la información en la base de 

datos y a los lineamientos en la base de nutrientes y para generar un programa de 

nutrición para el usuario en una base de resultados; y

(h) medios para transferir el contenido de la base de resultados, bajo la dirección 

del programa de aplicaciones,

en donde el contenido del programa de nutrición comprende un listado de alimentos 

particulares sugeridos para el consumo diario por el sujeto.
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Abstract l ip id s  are produced, transportad, and recognized 
by the concerted actlons o f  numerous enzymes, b ind ing  pro- 
teins, and receptors. A  comprehensive analysis o f  l ip id  m ol- 
ecules, “ lip idom ics,”  in  the context o f  genomics and pro- 
tcomics is crucia l to  understanding ce llu la r physiology and 
pathology; consequently, lip id  b io logy has become a m ajor 
rcscarch ta i^e t o f  the postgcnom ic revoluüon and systems 
biology. To facilíta te in tem ationa l com m unication about lip - 
id.s, a comprehensive classifícation o f  lip ids  w ith  a conunon 
p la tfo rm  that is com patib le w ith  in fo rm atics  requirem ents 
has bcen dcvelopcd to deal w ith  the massivc amoimts o f  data 
that w ill be generated by ou r lip id  community. As an in itia l 
stcp in  ih is  developm ent, we d iv ide  lip ids  in to  e ight catego- 
ríes (fa lty  acyls, glyccrolip ids, glycerophospholipids, sphin- 
goHpids, sterol lip ids, p reno l lip ids, saccharolipids, and poly- 
ketides) containing distinct classes and subclasses o f moleculcs, 
devise a common manner o f  representing the Chemical struc- 
tures o f  ind iv idual lip ids  and th c ir  dcrivativcs, and provide 
a 12 d ig it id en tifie r fo r  ead i unique lip id  molecule. The lip id  
classification scheme is chemically based and driven by the 
d istinct hydrophobíc and hyd roph ilic  elements tha t com­
pose the lip id .B fl This structured vocabulary w ill facilítate the 
systematizatíon o f  l ip id  b io logy and enable the cataloging o f  
lip ids  and the ir p roperties in  a way tha t is com patib le w ith

other roacromolccular databases.— Fahy, E „ S. Subramaniam, 
H . A. B rown, C. K  Glass, A. H . M e rr ill,  J r ,  R. C. M utphy, 
C. R. H . Raetz, D. W. Russell, Y. Seyama,'V\^ Shaw, T. Shimizu, 
F. Spcner, C. van Meer, M . S. VanNieuwenhzc, S. H . W hiie , 
J. L. W icztum, and E, A. Dennis. A  comprehensive classifíca- 
tion  system fo r  lip ids .y . L ip id  Res. 2005. 46: 839-861.

S u p p le m e n U ry  key  w ords  lip id o m ic s  •  in fo n n a tic s  • n o m e n d a lu re  • 
Chemical rcp rcscn taü o n  • fa tly  acyls • g lycc i'o lip ic is  • g lyce rophospho- 
Hpids • sp h in g o lip id s  • s tc ro l lip id s  • p rc n o l lip id s  • saccharo lip ids • 
im lykc iidos

T he  goal o f  c o lk c iin g  claia on lip id s  us ing a “sysiein.s hi- 
o logy” approach to  lip id om ics  requ ircs the  deve lopm ent 
o f  a co inp i ehcnsive classification, nom endatn rc , and Chem­
ica l represcn ta tion  system to accom m odate tlie  m yriad  lip ­
ids th a t exist in  na ture . L ip id s  have becn loosely de fined  
as b io lóg ica ] substances th a t are gcnera lly  hyd rophob íc  in  
na ture  and in  m any case.s .soluble in  organ ic solvcnts ( i ) .  
The.se Chemical propenie.s cover a broad range o f  m ole-
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cuks , such as fa iiy  adds, phospholip ids, sierols, sph iiigo lip - 
ids, terpcnes, and others (2). T he  U P ID  MAPS (U P ID  Me- 
taboHies A nd  Pathways Straieg)'; h ttp y /w w .Iip id m a p s .o rg ), 
U p id U b ra ry  (h ttp ://lip id lib ra ry .co .u k ), U p id  Bank (h t tp : / /  
lip id b a n k jp ), U P ID A T  (http ://w ww.lip idat.chem istry.oh io- 
sta te .edu), and C yberlip ids  (h ttp ://w w w .cyb e rlip id .o rg ) 
websiies provide useftil on iine  resources fo r  an ovcrview o f 
ihesc rnolccules and ü ie ir  suncinres. M ore accuraic defi- 
n ition s  are possible when lip ids are considered from  a 
struc iiii'a l and b iosyn ilie tic  perspectiva, and m any d iffe r- 

^  em  classification schemcs have been used over the years. 
Howcver, fo r  the purpose o f  com prehensive classification, 
we de fine  lip ids  as hyd rophob íc  o r am ph ipa th ic  small 
iiio lecu les tha t n iay o r ig in a tc  c t it irc ly  o r  in  p a n  by car- 
banion-based condcnsa tions o f  ih iocs te rs  (fa tiy  acids, 
po lyketidcs, etc.) a n d /o rb y  carbocation-bascd condcnsa- 
tio iis  o f  isoprcne un its (preno ls, sterols, etc.), A dd iü on - 
ally, lip ids  have bcen broad ly subdiv ided in to  "s im ple ’’ and 
“ com p lex” groups, w ith  s im ple lip ids  be ing  thosc y ie ld ing  
ai m ost two types o f  p roducís on hydrolysis (e.g., fa tty  ac­
ids, sierols, and acylglyceiols) and com plex lip ids  (e.g., 
glycerophospholipids and glycosphingolipids) y ie ld ing tliree 
o r m ore  producís on hydrolysis. The  classiñcauon schcme 
presen ied here organizes lip ids  in to  w e ll-de fined catego- 
ries tha i cover eukaryotic and p roka ryo tic  sources and 
tha t is equa lly applicab lc  to archaea and synthetic (man- 
m ado) lip ids.

U p ids  inay be caiegorized based on the ir chemically func- 
tional backbonc as polykcüdes, acylglycerols, sph ingo lip ­
ids, preno ls, o r  saccharolip ids. However. fo r  h is to rica l and 
b io in fonn aü cs  advantagcs, we chosc to  sepárate fa tty  acyls 
fro m  o th e r po lykcüdes, the  g lycerophospholip ids from  
tile  o th e r g lyccro lip ids, and stcro l lip ids  from  o th e r prc- 
nols, rcsu lüng  in  a to ta l o f  e igh t p rim a i7  categoríes. A n 
iin p o r ta n i aspcci o f  l i lis  scheme is tha t i i  allows fo r  subdi­
v isión o f  the  m ain categorics in to  classes and subclasses to 
hand le  the exisung and em erg ing  arrays o f  l ip id  stn ic- 
tures. A lth o u g h  a iiy  classification schcme is in  p a n  subjcc- 
tive as a result o f  the structura l and biosynthetic com plexity 
o f  lip ids, i l  is an essenüal p re req u is ilc  fo r  the organizadon 
o f  l ip id  research and the deve lopm ent o f  systematíc m eth- 
ods o f  data m anagem ent. T he  classiñcauon scheme pre- 
sented here is chem ica lly based and d riven by the  distínct 
hyd rophob ic  and h y d ro p h ilic  elements that constitu te  the 
lip id . B iosyntheucally re lated com pounds tha t are no t 
tec lin ica lly  lip ids  because o f  th e ir  w ater solubilicy are in - 
d u d e d  fo r  completeness in  th is classification scheme.

T he proposed lip id  categorics lis ied in  Table 1 have 
ñames that are, fo r  i l ie  most pan , well accepted in  the lit- 
erature. T he  fa tty  acyls (FA) are a diverse g roup  o f  m olc- 
cules symthesized by chain e longaüon o f  an aceiyl-CoA 
p rim e r w iiii m alonyl-CoA (o r m ethylm alonyl-C oA ) groups 
th a t may con ia in  a cyclic fun c tío n a lity  a n d /o r  are subsd- 
tu tc d  w ith  heteroatom s, S iructures w ith  a glycero l g roup 
are rep rcsen ied by two d is tinc t categoríes: the g lycero lip - 
ids (G L ), w h ich  ¡nc ludc  acylglycerols b u t also encompass 
alkyl and l.Z-alkeiiyU 'ariants, and the g lycerophospholip ids 
(GP), w h ich are de fined  by tlte  presence o f  a phosphate 
(o r  phosphona ie) g i oup  es tc iificd  tu  onc o f  the glycerol

á
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hydroxyl groups. T he  stcro l lip ids  (ST) and p re n o l lip ids  
(PR) share a com m on biosymtheüc pa iliway via the  poly- 
m e riza tio n  o f  d im e ih y la lly l p y ro p h o s p h a ic /is o p c n ie n y l 
pyrophosphate b u t have obvious d iffercnces in  lenns o f 
th e ir eventual s tructure a jid  funcüon. A n o th e r well-defined 
category is the sph ingo lip ids  (SP), w h ich conta in  a long- 
chain base as th e ir  core structure . T h is  classiñcauon does 
n o t have a g lyco lip ids category p e r se but ra ih e r places 
glycosylated lip ids  in  appropria te  categorics based on the 
idenücy o f  th e ir  core lip ids. I t  also waS necessai7  to de fine  
a category w ith  the  tem í “saccharolip ids" (SL) to accoun i 
fo r  lip ids  in  w h ich fa tty  acyl groups are lin ke d  d ire c ily  to a 
sugar backbonc. T h is  SL g roup  is d is tinc t fro m  ih c  tenn 
“g lycü lip id " t l ia i was de fined  by t lie  In ie rna üon a l U n io n  
o f  Puré and A pp lied  Chemisis (lU PAC ) as a l ip id  in  w h ich 
the fatt)' acyl po rtío n  o f  the m olecu le ís present ¡n a glyco- 
sidic linkagc. T he  fina l category is tlie  polykeüdcs (PK), 
w'hich are a diverse group o f  inetabolites from  p lan t and mi- 
crobial sources. Protein m odificadon by lip ids (e.g., fatty aq-l, 
prenyl, cho les icro l) occurs in  na ture ; however, thcse pro - 
le ins are n o t in c luded  in  th is daiabase b u t are listed in  
p ro te in  databases such as GenBank (h ttp ://w w w .n c b i,n lm . 
n ih .gov) andSwissProt (h ttp ;//w 'w w .eb i.ac .uk/sw issp ro i/).

L IP ID  N O M E N C LA T U R E

A  nam ing  scheme m ust unam biguously de fine  a lip id  
su-uciure in  a m anner tha t is am enable to  chemisis, b io l- 
ogists, and b iom ed ica l researchers. T he  issue o f  U p id  no- 
m encla tu re  was last addressed in  detail by the  In te r­
na tion a l U n io n  o f  P uré and A pp lied ! Chemists and the 
In te rn a tio n a l U n io n  o f  B iochcm isüy and M o lecu la r B io l­
ogy (lU PA C -IU B M B ) Coinm ission on B iochem ica l No- 
m encla ture in  1976, w h ich  subsequenüy published its rec- 
om m endations (3). Sincc then, a nu m b e r o f  add itiona l 
docum ents re la ting  to  the nam ing  o f  g lyco lip ids (4), prc- 
nols (5), and steroids (6) have been releascd by this com- 
m ission and placed on ü ie  lU PAC  wobsiie (h tip ://w w w . 
c h e m .q m u l.a c .u k /iu p a c /). A  large nu m be r o f  novel Upid 
classes have bcen discovcred d u r in g  the last tlire e  decades 
tha t have n o t yet becn systematically natned. T he  present 
classification includes thcse new lip ids  and incorporates a 
consisten i no inenclature .

In  con ju nc tion  w itli ou r proposed classification schetnc, 
we provide cxamples o f  s)'.siematic (o r scmisystemaiic) 
ñames fo r  the  various classes and subclasses o f  lip ids. The 
n o iiie n c la iu re  p roposa l fo llow s e x is iin g  lU P A C -IU B M B  
rules closely and should n o t be riew cd  ás a com peting  fo r­
m al. The  m ain difFerences involve a) c la rifica tion  o f  the 
use o f  core struciures to  s im p lify  systemaiic nam ing  o f  
somc o f  t l ic  m ore  com plex lip ids, and b) provisión o f  sys- 
tcm atic  ñames fo r  recently discovered lip id  classes.

Key fcaiures o f  o u r l ip id  no m cnc la ttire  scheme are a.s 
follows:

a) T he  use o f  the stereospccific iiu m b e rin g  (sn) m ethod 
to  describe glyccrolip ids and glycerophospholipids (3). The 
g lycerol g roup  is lyp ica lly acylaicd o r a lkylatcd a i the  stí-1 
a n d /o r  ati-2 position , w itl i the cxcep iion  o f  .some lipid.s
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TA B LE  1. L ip id  categorics a nd  cxam ples

Caicgoiy .Abbieviaiion F.xamplc

Fatty acyls FA dodecano ic acid
G lyce ro lip ids G L l-hcxadccanoyl-2-(riZociadcccnoyi)-.ír^g lyccrr> l
G lyce rophospho lip ids GP l-hexadecanoyl-2 -(9Zoctadecenoyl)-.tn-g lycero-3-pho5phocholine
S ph in g o lip id s SP At{ic l.radccaT ioy l)*sph iiig -'l-cn inc
Ste ro l lip id s ST cholcst-5<n*3|i-o l
P reno l lip ids PR 2£.6 & fa n ie so l
.Saccharolipiri.s SL U DP-3-0-( Sff-hydroxy-tc i.radccanoyb-Q D -A taccty lg liicosam inc
Polykctides PK a fla lo x in  B i

i
tha t conta in  m ore  than ene glycerol g roup  and archaebac- 
tc ria l lip ids  in  w h ich sn-2 a n d /o r  jw-3 m od ifica tio n  occurs.

A) D e fin it io n  o f  sph lngan ine and sphing-4-enine as core 
s tn ic tu rcs fo r  ih c  sph ingo lip id  category, w hcrc ihe i>erythro 
o r  2 i’,3 /í co n fig iira tio n  and 4E  geom etry (in  the case o f 
sphing-4-enine) are im p lied , In  m olecules co n ta in ing  ste- 
reochem istries otJier titán  the  25 ,3 /íco n fig u ra tio n , the fu ll

systcmaüc ñames are to  be used instcad (e.g., 2^-am ino* 
l,3 i?-octadecanediol).

c) T he  use o f  core ñames such as cholcstanc, andro- 
stanc, and estraiic fo r  sierols.

d) Adherence to  the ñames fo r  fatty acids and acyl chains 
(fo rm y l, acetyl, p rop iony l, bu tyry l, etc.) de fined  in  Appen* 
dices A  and B o f  the lU P A C -IU B M B  recom m endations (3).

X

S
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(a ) F a lty  A c y ls ; h e x a d e c a n o ic  a c id (b ) G ly c e ro iip id s : i-h e x a d e c a n o y l-2 -<9 Z -o c ta d e c e n o y l)-s /7-g iy c e ro f

H .OH

NH H

OH

<c) G ly c e ro p h o s p h o lip id s : i-h e x a d e c a n o y l-2 - 
(9 Z -Q c ta d e c e n o y l)-s n -g ly c e ro -3 -p h o s p h o c h o lln e

2S

H0‘

26

(e ] S te ro l L ip id s : c h o le s l-S -e n -S p -o l

o o /  O -^ /
HO HO

NH

N ' °

-O 

ÓH OH

(d ) S p h in g o lip id s ; N -(te tra d e c a n o y l) -s p h ln g -4 -e n in e

(f) P re n o l U p id s ; 2 E .6 E -fa rn e s o l

H

•Q

{g) S a c c h a ro lip id s : U D P -3 0 - (3 R -h y d ro * y  
- te tra d e c a n o y l)-c iD -N -a c e ty lg lu c o s a m ln e

F ig . 1 . R ep re se n ta tive  s iru c tu re s  fo r  each  l ip id  ca tegory.

(h ) P o ly k e lid e s : a fia to x in  0 i

fahy el ai.. Lipid classification system 841



TA B L E  2. Fom iac o f  12 charactc r U P ID  ID
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Charactcrs nescripúon fjtam plc

1-2 F ixcd  database des ig n a iio ii LM
3-4 Tw o  le t ie r  ca icgb ry  codc FA
5 -6 Tw o  d ig it class codc OS
7 -8 T w o  d ig it  subclass codc 02
9 -12 U n iq u e  fo u r  charac tcr id e n tif ie r  w ith in  subclass 7312

é) T h e  adopüon o f  a condensed te x i no m e n d a lu re  fo r 
ih c  glycan po rtions  o f  lip ids, w here stigar residues are rep- 
resented by standard lU P A C  abbrcviadons and w hcrc tlie  
ano ine ric  carbón locants and stereocheinistry are inc luded 
b u l the paienüicscs are o m iiie d . T liis  system has also been 
p ro po sed  by the  C o nso rtium  fo r  F u n c iio n a l G lycom ics 
(h ttp ://w e b .m it.e d u /g ly c o n iic s /c o n s o n iu m /m a in .s h u n l).

/ )  T he  use o f  £ /Z d c s ig n a iio n s  (as opposed to  trans/cis) 
to  de fine  doub le  bond  geometry.

g) T he  use o f  R /S  designations (as opposed to  a / p  o r 
d / i . )  to  define siereochcm isirics. T he  cxcepüons are ilio.se 
d e sc rib ing  substituem s on  g lyce ro l (su) and s te ro l core 
s truc iu res  and  a n o in e ric  carbons on sugar residues. In  
thcse la tte r special cases, t lie  a /P  fo rm a l is f irm ly  cstab- 
lished,

k) T h e  com m on le rm  “ lyso,”  d cn o tin g  the p os ition  lack- 
in g  a radyl g ro up  in  g lycero lip ids and g lycerophospho lip ­
ids, w ill no t be used in  systematíc ñames b u t w ill be in ­
c luded as a synonym.

t) T h e  proposal fo r  a single nom cncla tu re  scheme to 
cover the prostaglandins, isoprostanes, neuroprosianes, 
and re la ted com pounds, where the  carbons pa riic ip a tin g  
in  the  cyclopem ane r in g  closurc are de fined  and where a 
consiste iit cha in -num bering  schcme is used.

j )  T he  “ d ” and “ t ” designations used in  s h o rilia n d  noia- 
t io n  o f  sph ingo lip ids  re fe r to  l,S K Íihydroxy and 1,3,4-tri- 
hyd roxy long-chain bases, respectively.

U P ID  STR U C TU R E  R E P R ESEN TATIO N

In  add iüon  lo  having n jles fo r  lip id  classification and 
non iencla ture , i t  is im p o rta in  to  establish clear gu idelines 
fo r  d raw ing l ip id  siructures. Large and com plex lip ids  are 
d iff ic u lt  to draw, w h ich  Icads to  the use o f  sho rthand and 
un ique fonnats tha t o ften generaie m ore confusión than 
c la rity  am ong lip ido log ists . We propose a m ore consisicnt 
fo rm a l fo r  representing lip id  struciures in  w h ich , in  the 
sim plest case o f  t lie  fa tty  acid deiiNatives, the acid g roup 
(o r equivalent) is drawn on the r ig h t  and the hydrophob ic 
hydrocarbon chain is on the le ft (F ^ . 1). Notable cxceptions 
are found  in  the eicosanoid class, in  which the hydrocarbon 
Chain wraps a round in  a counterclookwise d irec tion  to  p ro ­
duce a m ore condensed s in ic iu re . Sim ilarly, w id i rcgard lo 
the glycerolip ids and glycerophospholipids, ih e  rad)! chains 
are drawn w ith  the hydrocarbon chains to  the le ft  and the 
glycero l g ro up  depicted ho rizon ta lly  w ith  stereochein istry 
at the sn carbons de fined ( i f  know’h ). T he  general term  
“ rady!”  is used to  denote c ith e r acyl,¡ alkyl, o r  1-alkenyi sub- 
stitucnls (h iLp ://w w w .ch e in .q in u l.a c .ú k /iupa c /lip id /lip lii2 . 
h tm l), allow ing fo r coveragc o f  alkyl aind 1 Z-alkenylglycerols. 
T he  sph ingolip ids, a lthough tliey do |no t conta in  a glycerol 
group, have a s im ila r structu i'a l re la iionsh ip  to  the glycero­
phospho lip ids in  many cases and niay be drawn w ith  tlie  
C1 hydroxyl g roup  o f  the long-chain base to  the r ig h t and 
the alkyl p o rtio n  to  t lie  le ft. T h is  n ie thodo logy places che 
head groups o f  bo th  sph ingo lip ids ¡and glycerophospho-

TAB l.F . 3, S ho rth an d  n o ta iio n  fo r  selectcd l ip id  categoríes

Catcgoiy .•\bbrcvlaiioii o r Subrlajs r.xaiiiplc"

GP GPCho G lycc iüp lio sp h oc lioH iics GPCho (1G :0/97,122;18:2)
GP G P uC ho G lyccvo p lio sph o no rh o lin cs
GP GPEin G lyccrophosphoe thano ia in ines
GP G P nE lii G lycc iop lio sp h on o c tlta n o lH tn itics
GP GPSer G lycci op liosphoserincs
GP GPCi'o G lyccropbosp liog lycc i'o ls
GP GPGroP G lyceropbospboglycerophospV iates
GP GPIns G lyccrophospho inos ito ls
GP GPIiisP G lycc ro p lio sp h o in o s ito i m onophosphatcs
GP G P InsP j G lyccrophospho inos ito l b is-phospliates
GP G P lrisP , G lycc ro p lio sp h o in o s ilü l tiis -phosp lia ies
GP GPA Glycerophosphaie.s
GP GPP G tyceropyrophosphatcs
GP C L C lyccrophosphog lyecrophosphog lyccro ls
GP CDP-DG CDP-gíycerols
GP (glycan)G P G lycc i'üphüsphoglucosc lip ids
GP tg lycan )G ? ln s G lyceropbospho inosito lg lycans E tN -P -6 M a n a l—2M a iiQ l — 6 M a n a l —4 G lcN a l-6G P In s  (14 :0 /14 :0 )
SP Ger C erau iidcs C c r (d l8 : l /9 ¿ ;-1 6 : l)
SP SM Phospho.'iph ingo lip ids SM ( d l8 : l /2 4 ;0 )
SP [g lyca n lC e r G lycosph ingo lip ids N cuA cq2 -S G a lp l - 4Glc|J-Ccr ( d i 8:1 /1 6 :0 )
CiL M G M o no tad y l g lyccro ls M G  (1 6 :0 /0 :0 /0 :0 )
G L D C D ira d y l g lyccrols D G  (1 8 :0 /1 6 :0 /0 :0 )
G L TG T n ra d y l g lyccro ls T G  (1 2 :0 /1 4 :0 /1 8 :0 )

“ S h o n lia n d  n o ia ü o n  f< 
SP is p i csc iued  in  the  ende 
d ou b le  bouds, respeciivcly.
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T A B L E  “I. Fatty acyls [FA ] classes and subclasses

Fatty acids and conjugales [F A O l]
S ira ig ln -cha in  Taiiyacids [F A O lO l]
M cl.hyl b rancbed  fa tly  acids [FAOl 02]
U nsa iuva icd  fa tly  acids [FA0103]
U y d ro p c ro x y  fa tty acids [F A O lO I]
H yd ro xy  fa tty  acids [FA 0105]
O v o  fa tty  acids [FA0106]
E poxy fa lty  acids [FAOl 07]
M e th o xy  fa lty  adds [FA0108]
H a lo g cna tcd  fa iiy  acids [FA0109]
A m in o  fa tly  a dds  [FAOl 10]
C>ano fa iiy  a dds  (FAO l 11]
N it ro  fa tty  adds [FAOl 12]
T h ia  fa iry a d d s  [F A O llB ]
C a rb o ry d ic  fa tty  adds [FAOl 14]
H c te ro c y d ic  fa tt)’ acids [FAOl 15]
M yc tjlic  acids [F A O llC ]
D ica rb oxy lic  acids [FA0117J 

O ctadecano ids [F A 02 ]
1 2 -O xo p liy io d icn o ic  acid m c lab o litcs  [FA0201]

Jasm on ic acids [FA0202]
E icüsatio ids [FA03]

P rostag landins [FA0301]
L e u ko ir ie n cs  IFA0302]
T h ro n ib o xan e s  [FA 0303]
L ip o x in s  [FA0304]
H yd ro x )’c icosa iricn o ic  adds [FA 030:i] 
H ydroxye icosa tc tracno ic  adds [FA0306] 
M ydroxye icosapcn iacno ic  acids [FA0307] 
F .poxycicosatrienoic acids [FA0308]
H c p o x ilin s  [FA0309] 
l^ v i ig la n d in s  [FA0310]
Isoprostanes [FA0311]
C laM iloncs [FA0312]

D ocosanoids [FA04]
Fatty a lcohoís [FA05]
Fa lty  a ldehydes [FA06]
Fatty estcrs (FA07J 

W ax m onocs ic rs  [FA0701]
W ax diesters [FA0702]
€>•300 estcrs [FA0703J 
Laciones [FA 0704]
Fa lty  acyl-CoAs [FA0705]
Fa tly  acyl-ac>'l c a rr ic r  p ro te in s  (y\CPs) [FA0706]
Fa lty  acyl ca m iiin e s  [FA0707]
Fa tly  a ty l adcnylatcs [FA07081 

Farty am ides (FA08]
P rim ary  am idcs [FA0801]
M A cy l am ides [FA0R02]
Fatty acyl b om o scrin e  lactones [FA0803]
A^Acyi c iba n o la m idcs  (cndocannab ino ids ) [FA08041 

Faicy n it r ilc s  [FAGO]
Falty e lhers [F A IO ]
H ydroca rhons  [F A  111 
O xygenaied  hydrocarbons [FA12]
O th e r  [FAOO]

lip ids  on the r ig h t side. A ltho ug h  ih c  süTtcturcs o f  stcrols 
do not. con fonn  to those gene i^ l m ies o f represcntation, the 
stcrol cstcrs may convcnicntly  be drawn w ith the  acyl group 
o rien fe d  accord ing to these gu idelines. In  a d d iiio n , the 
lin e a r preno ls o r  isoprcno ids are drawn in  a m anner anal- 
ogous lo  ih c  fa tly acids, w ith  the te rm ina l functíona l g^ro^p 
on the r ig h t side. Inevitably, a nu m b e r o f  s iru c tu ra lly  com ­
p lex lip ids , such as acylaminosugar glycans, polycyclic iso- 
prenoids, and polykcüdes. do  n o t le n d  themselves to these 
s im p lifie d  draw ing rules. Nevenheless, we believe tha t the 
adop tion  o f  the gu ide lines proposed here w ill un ify  Chem­
ical rcp rcson ia tion  and m akc i lm o r c  com prehensih le.

TA B LE  5. C iyce ro lip id s  [G L ] classes and  subclasses

M ono rady lg lycero ls  [01 ,01 ]
M onoacylg lyccro ls  [G LO IO I]
M onoa llty lg lyccrn ls  [G L0102]
M o n o -( l/-a lk e n y l)-g !y c c ro ís  [C L0103 ] 
M onoac)lg lyccro lg lycos idcs  [GL0104J 
M onoa lky lg lyccro lg lycos idcs  [G LO l 05]

D itady lg lyce ro ís  [G L0 2 ]
D iacylg lycero ls (G L0201)
A lkylacylg lycero ls [G L0202 ]
D ia lky lg lyce ro ls  [G L0203]
1 Z-A lkenylacylg lyccro ls [G L0204]
D iacylg lyccro lg lycosi des IG L02Ü 5] 
A lkylacylg lycero lg lycosidcs [G L0206] 
D ia lkylg lycero lg lyeosides [G L0207]
D i-g lyccro l ic tra e lh e rs  [G l.0208 ]
D i-g lycero l tc tra c th c r  glycans [G L0209]

T rii-ady lg lyccró ls  [G L0 3 ]
Triac>’lg lycero ls [G L0301]
A lky ld iacy lg lyccro ls  [G L0302]
D ia lky lm onoacy lg lyce ro ls  (G L0303] 
lZ -A l”kcnyld iacylg lycero !s (G L0304 ]
Estolidcs [GL03051 

O th e r [GLOO]

D A T A B A S IN G  L IP ID S , A N N O T A T IO N ,
A N D  F U N C T IO N

A nu m be r o f  repositorics, such as GenBank, Swi.ssProt, 
and ENSEM BL ( h l lp ; / / www.enscm bl.org), .support nu- 
c le ic acid and p ro te in  databases; however. th c rc  are on ly  a 
few spccialized databases [e.g., LTPIDAT (7) and L ip id  
Bank (8 )] tha t p rov ide  a catalog, anno ta tíon , and func- 
tiona l classification o f  lip ids. G iven the im portance  o f  
these m olecüles in  ce llu la r fun c rion  and pathology, thc rc  
is an im m in e n t nced fo r  the  crca tion  o f  a wcll-organ ized 
database o f  lip ids. T he  f irs t step tow ard th is goal is the es- 
cablishment o f  an on to logy o f  lip id s  t lia t  is extensib lc, 
f lex ib le , and scalablc. Bcfore  establishing an ontology, a 
s truc tured vocabulary is needed, and the lU P A C  nom en- 
c la tu re  o f  the 1970s was an in itía l stcp in  this d irec tion .

T he  o n io log )’ o f  lip ids  m usí con ta in  d c fin iiio n s , mcan- 
ings, and in te rre la tionsh ips  o f  a ll objcct.s stored in  the da­
tabase. T h is  o n to lo g y  is then  tra n s fo rm c d  in to  a well- 
de fined  schema tha t fo rm s the fo u n d a tio n  fo r  a re la tiona l 
database o f lip ids . T he  L IP ID  MAPS p ro je c t is b u ild in g  a 
robust database o f  lip id s  based on the  proposed ontology.

O u r database w ill p ro r id e  s tm ctu ra l and fun c tiona l an- 
notations and have links  to  relcvani p ro le in  and gene 
data. In  ad d ition , a un iversal data fo rm a l (X M L ) iv ill be 
provided to  fac ilíta te  exporta tion  o f  the data in to  o th e r re- 
positories. T h is  database w ill enable the  storagc o f  cura tcd 
in fo rm a tio n  on lip ids  in  a web-accessiblc fo rm a l and w ill 
prov'ide a com m u n ity  standard fo r  lip ids.

An im p o r ia iu  database fie id  w ill be t lic  L IP ID  ID , a 
un ique  12 character id e n tif ie r  based on the classificaüon 
scheme dcscribed here. T he  fo n n a t o f  t l ic  L IP ID  ID , out- 
lin e d  in  Table 2, provides a systematic means o f  assigning 
u n iq ue  IDs to  l ip id  m olecules and allows fo r  the add ition  
o f  large m im bers o f  new categories, classes, and subclas.ses 
in  ihe  fuu irc , because a m áxim um  o f  100 classcs/subclasscs 
(00 to  99) may be specified. T he  last fo u r  characters o f  the
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(a) Straight chain fatty acids: hexadecanoic acid
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(c ) U n s a tu ra te d  fa tty  a c id s : 9 2 *o c ta d e c e n o ic  ac id

O

(0 ) O x o  fa t ly  a c id s : 2 -o x o -d 0 c a n o ;c  a c id

O C H 3

(9 ) M e tfw x y  fa tty  a c id s : 2 -m e th o x y -5 Z -h e x a d e c e n o ic  a c id  

O

" O H

H O O H

(i) H y d ro p a ro x y  fa tty  a o d s :  1 3 S -h y d ro p e ro x y - 
9Z, 11 E -o c ta d e c a d ie n o ic  a c id

(k )  H e ia ro c y c lic  fa tty  a c id s :  8 -(5 -h e x y i- fu fa n -2 -y l) -o c ta n o ic  a c id

(b) filettiyl branched fatty acids: 17-fnettTyl-6Z-octadecenoic acid

O

■ )H

(d ) H y d ro x y  fa tty  a c id s : 2 S -h y d ro x y - te lra d e c a n o ic  a c id

(f)  E p o x y  fa tty  a c id s : 6 R ,7 S -e p o x y -o c ta d 0 c a n o ic  ac id  

O

)H

(h ) T h ia  fa tty  a c id s : R - l. ip o ic  a c id ; 1 ,2 *d ith io ia n e -3 R .p e n ta n o ic  a c id

(j) C a rb o c y c i ic  fa fty  a c id s : ia c to b a c illic  a c id : 1 1 R .1 2 S fm e th y ie n e - 
o c ta d e c a n o ic  a c id

(j) A m in o  fa t ly  a c id s : 2 S -a m in o - tr id e c a n o ic  ac id  

B r O

-1̂

(m ) N itro  fa tty  a c id s : lO -n itro ,9 2 ,1 2 Z -o c ta d e c a d ie n o ¡c  a c id

O

'  5H.

(oj Dtcarboxyiic acids: 1,6-octanedioic acid 

Fig. 2. Reprcsciitauvc stnicturcs for falty acyls.

(n ) H a io g e n a te d  fa tty  a c id s : 3 -b fo m o -2 Z -h e p le r> o k : a c id

i n  constiiuK ; A iin iq u o  id e n tif ie r  w iiJ iin  a pa iL ieu lnr snb- 
class and ai c random ly assigiied, By in itía lly  using n u m e n t 
characters, this allows 9,999 un ique  IDs p e r subclass, bu t 
w ith  the a d d itiona l use o f  26 uppercasc alphabetic charac- 
icrs, a tota l o f  1.68 ii i i l l io n  possible com binations can be 
generated, p ro v id in g  am pie scalab ility w ith in  each sub- 
tlass. In  cases iit w h ich  lip id  struci.urcs are ob ta incd  fro in  
o th e r sources such as L ip id B a n k  o r L IP ID A T , the corre-

spond ing IDs fo r  those databases wlD be in c lu d e d  10 en­
able cross-referencing. T lie  fii-st iwo characters o f  t lie  ID 
contain the database id e n tifie r  (e.g., L M  fo r  L IP ID  MAPS), 
a lthough  o tlte r  databases may choose to  use t l ie ir  oum t\vo 
character id e n tif ie r  (at present, L B  fo r  L ip id  Bank and LD  
fo r  L IP ID A T ) and assign the last fo u f  o r  ino re  characters 
un ique ly  w h ilc  re ia in in g  characters ‘A to 8, w h ich p c ria in  
to  classification. The  correspond ing IDs o f  t lie  o th e r daia-

844 Journal o f U p id  Research Voluinc 4tí, 2005



Ó H

Ip )  P rrs b g la n c lh s : ( ^ t a g la r d in  A l :  
i5 S -)y d tix y -9 < u o - l(Z .1 3 E > p ro B la d le n d c  ecO

q ) L a u k c tr íe m : L a A o lT i9 n e 6 4 ; 
5 S ,1 2 R H jih y d n » y ^ e E . lO E . l4 Z -« lo « 8 te t ra e r« t  »eld
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(r) Throrrboxanes; 1>irorPbOUR« A2; 
9S.11S«paxy,tSS-Aydrory-throrrtexfrSZ.13E-den*l-otc acM

(1) Epoxvc<casalrlonoiC8ciel3;
14R. 1 SS«poxy-SZ^ llZ-6kXBdr4endc ecM

O H '

M
O H

fv)Levuglandlre: LGE2;
10,11-9SB^6.11>dbxo>15S4i^n3xy-52,13E>prostBdiandc add 

F ig . 2. C o n lin u e d .

O H

(9)(-ipo idns: L lp a i4 n A 4 ;
^ .6 R .1 5 S -r t iy d ro x y -7 E d E ,llZ . l3 E -e < c o s a t« rB c n o ic a c 3 a

H'

(u ) H e p o iK lrs : h4epoxini A 3 :
8 R - t iy d m y ^ liR . i2 S -« p D x y ^ £ E , l4 Z -e ie o s a tr ic n o to  a d d

HQ
OH

HO

(w) Isopfostanes: 9S.11S.1 S&-lnhydroxy'6Z.13E>p(oslsdiefK>lc acidc^ISS , 12R]

bases w ill always be incU ided to enablc cross-rcfcrencing. 
F u iih c r  de ia ils regard ing  thc  nv im bering  sysi.em \ \ i l l  be 
dccided by ihe  In te rn a tio n a l L ip id s  C lassification and No- 
m enela turc C om m ittee (see bc low ). In  ad d itio n  to  the 
IJ P ID  ID , each lip id  in  thc database w ill he searchable by 
classification (category, class, subclass), systematic ñame, 
synionym(s), m o lecu la r fo im iila , m o lecu la r w e ight, and 
inany o th e r param ctcrs Üiat are part o f  iis ontology. An 
im p o rta n t feature w ill be t lie  databasing o f  m oleculaj- stmc- 
turcs, a llo w n g  the user to  p e rfo rn i web-bascd substructure 
searches and structure retricva l across th c  database. This 
aim  w ill be accom plished \sith a chem istry ca rtridge  soft- 
\\rarc com ponent ih a t w ill enablc stn ic tu res in  fo rm áis 
such as M D L  in o lf ile  and C hcm draw  CDX to be im p on ed  
d irecdy  in io  O racle database labios.

F u rthc rm ore , many lip ids, in  pa rticu la r the  g lycero lip - 
ids, g lycerophospholip ids, and sph ingo lip ids , may be con- 
ven iently describcd in  lerm s o f  a .shorthand ñame in  which 
abbrcviadons are uscd to  de fine  backboncs, head groups, 
and sugar un its and the radyl snbstitucnts are de fined  by a 
descrip to r in d ica tin g  carbón chain le ng th  and nu m b e r o f 
doub le  bonds. Thcsc sho rthand ñames le nd  ihernselvcs to 
fast, o ff ic ie n i icxi-bascd scarclies and are uscd w idc ly  in 
l ip id  rcsearch as com pact a ltem atives to  .s)'siematic ñames. 
T he  g lycerophospho lip ids in  the L IP ID A T  database, fo r 
exam plc, may be conven ienüy scarched w ith  a shorthand 
n o ia tio n  tha t has bccn  extended to  hand le  side chains 
u ith  acyl, ether, branched-chain, and o th e r func tiona l 
groups (7). We propose the use o f  a sho rthand  no ta tion  
fo r  selccled lip id  caicgories (Table 3) that. incorporares a
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00 Octadecanofib: 12-axaphytodlondc ac^d moaboiiiee: 
(9Rj3RH2«)Vhp<iyto-l7z,1SZ-<iiefticadd

(z) O ocoam oidsiNei/aprosteres: 4S>hydro(y-6-oxi> 
{5E,a.13Z,l6Z.19Z>irBU(T)pfO íiBpentaeroic 8 d d < y e *^ S ,1 1 S ]

(«b ) Faity BfdahydBi titpienet

(ad) Fsrty amides; Fatty « M  ticrnoserine lactonas: 
N-<3-oxiMaúecarkoyl)ndmoMrine taacna

(a l) Fatty rtrites: 42 .7Z.l02-oaadecatrienenliiie

(an ) Oxygenetad r^ tk tn itB w .fo te c B a a n -s -o ro  

F ig . 2 . C o n tin u c d .

(y) Ocbdecanoids: Jasm odcacid i: Jsm onie add: (iR .2R )-3«xo-2-(peni' 
2Z-«nyl)-cydoportanesce>c acid

(ae) Fatty acotiots: dodecanol

(ae) F a iy  airidss; N-Bcyt9nides:doaecensm ide

(ae) Fatty am idos: M-acyi etnanolamidas (endocannabinolds);, 
Anari(femide: M-<SZ.6Z.11Z,14Z.alcoB8ie(raenoyl>«lt«nolan^e

(ag) HydiDcarbora: iridecatta

condcnsed ic x i no n ienc la iu re  fo r  glycair subsúiuenis. T he  
aUbrOTatioiis fo r  the sugar un its fo llow  the c u n e iu  lU - 
PAC-IUBM B recom niendations (4),

L IP ID  CLASSES A N D  SUBCLASSES

Fatty acyls [FA]

T lie  fatty acyl structure represents t lie  ina jo r lip id  bu ild ing  
b lock o f  cotuplex lip ids and therefore is one o f  thc most fun ­
dam ental catogorics o f  bio logical lipids. T lic  fatty acyl g ro iip  
in  th c  fatty acids and conjugates class (Table 4) is chaiacter- 
izcd by a rcpca ting  series o f  m ethylene groups tJiat im p a rt 
liyd ro p h o b ic  c lia racte r to this category o f  lip ids. The firs t 
subclass includcs t lie  straight-chain saturaied fa tiy acids con- 
ta in ing a term inal carboxylic add. I t  cou ld also be considered 
the m ost rcduced c itd  p ro d u c t o lT h e  po lykc iidc  patliway. 
Variants o f  th is sü u c iu rc  have one o r  m ore m eüty l substit-

uents and cncompass qu ite  con ip lex branched-chain fatty 
acids, stich as the inyco lic  acids. T he  longcst chain iti 
branched-chain fatty acids defines the chain leng th  o f  these 
coinpounds. A  considerable num ber p f  variations on thi.s 
basic s tn icü ire  occur in  a ll kingdom s o f  life  (9-12), inch id - 
in g  fatty acids w ith  one o r m ore doub le  bonds and evcn 
acetylenic (u ip le ) bonds. H eieroatom s o f  oxygen, halogen, 
n itro ge n , and su lfu r are aJso lin k c d  to the carbón chains in 
specific subclasses. Cyclic fatty acids con ta in ing  three to  six 
carbón atoms as well as heteroc)’c lic  rings co n ta in ing  ox)’- 
gcn o r n itrogen are fou nd  in nanire. T lic  q ’dopcn teny l fa iiy  
acids are an exam ple o f  this la tte r suljclass. T he  tlt ia  fatty 
a d d  subclass contains su lfu r atom (s) ir l the fatty acid suuc- 
tu re  and is exem plified  by lip o ic  acid and b io iin . Thíols 
and th ioe tlie rs are in  this class, b u t the thiocsters are placed 
in  the esler class because o f  thc  involvetnem  o f  these and 
s im ila r csiers in  fatty acid m etabolism  and syniliesis, 

Sepárate classes foi- m ore com plex fatty acids %rith m til-
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(a l)  F a tty  a c y l C o A s : R -h e x a n o y l C o A

'OH

(a m ) F a tty  a c y l c a m it in e s ; 0 - t ie x a n o y l-R 'C a m ltin e

NH.

H O

O H  O H

(a n ) F a tty  a c y l a d e n y la te s : 0 - t ie x a n o y l-a d e n o s ln e  

m o n o p h o s p tia te

(a o ) W a x  d ie s le rs : 2 S ,3 R -d id e c a n o y t-d o c o s a n e -2 .3 -d to l

F ig . 2. C o n iin i ie d .

tip le  fun c tiona l groups (b u t nonbranched) are desigualad 
by the to ta l nu m b e r o f  carbón atoms fo u n d  in  t lie  c ritica l 
b iosyn tlic tic  precursor. These in c lud e  octadccanoids and 
lip id s  in  the  jasm onic acid paih^vay o f  p la n t ho rm one  bio- 
syntliesi.s, oven ih ou gh  jasm on ic  acids have los t some o f 
th c ir  carbón atoms from  t lie  biochem ical precursor, 12-oxo- 
phy tod ieno ic  acid (13), Eicosanoids dcrived fro m  arachi- 
don ic  acid inc ludc  prostaglandins, Icukotrienes, and o ther 
s tn ic tu ra ! derirativcs (14), T he  docosanoids conta in  22 
carbón  atom s and derive  fro m  a com m on precurso r, 
docosahexacnoic acid (15). Many members o f  these sepá­
rate subclasses o f  m ore com plex fa tty  acids have d is tinc t 
b io log ica l actiritjes.

O th e r m a jo r l ip id  classes in  the fa tty  acyl category in - 
ch idc  fa tty  acid esters such as wax m onoesters and diestcrs 
and thc lactones. T he  fa iiy  estcr class also has subclasses 
th a t in c lud e  im p o rta n t b iochem ica l in ie rm ed ia tcs  such as

fatty acyl th ioester-CoA dcrivatives, fa tty  acyl thioestcr-acyl 
c a rr ic r p ro te in  (ACP) derivatives, fa tty  acyl cam itines (es­
ters o f  ca m itin e ), and fa tty  adenylates, wh ich are m ixed 
anhydrides. T he  fa iiy  alcohols and fa tiy  aldehydcs are lyp- 
if ie d  by te rm in a l hyd roxy and oxo  groups, rcspectively. 
T lte  fa tty  amidcs are also M fa tt) ' acylated am incs and un- 
substituted amides, and many s im ple am idcs have in tcrcst- 
in g  b io log ica l activities in  various organistns. Fatty acyl ho- 
m oserine lactones are fatty amides invo lvcd in  bacteria l 
quorum  sensing (16).

Hydrocarbons are in c lu d e d  as a class o f  fatty’ acid deriv­
atives because they correspond to  six elecü'on reduction  
producís o f  fa tty  acids tha t m ay have been gencra ted by 
loss o f  the  carboxylic acid from  a fa tty  acid o r  fatty acyl 
m oie ty  d u r in g  the  process o f  diagencsis in  geological sam- 
ples. Long-chain c lhcrs also have been obscrvcd in  nature. 
Chem ica l s tn ic tu res o f  the  fa tty  acyls are shown in  F ig. 2.
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(a) M onoradylgylcero ls: M onoacylgtycerols: 
1 -dodecanoyl-sn-g lycefo l

(b ) O Ira d y lg ly c e ro ls : D ia c y lg ly c e ro ls : 

l-h e x a d e c a n o y t-2 -(9 Z -o c ta d e ce re 3yl)-sf>-9 lyce ro l

(c ) D ira d y lg ly c e ro ls ; A lk y la cy lg lyce ro Js : 

1-0•hGxadecyl•2•(9Z^xitadecenoyl)•sf7-glycerol

O

(d ) D ira d y lg ly c e ro ls ; iZ -a IK e n y la c y lg ty c e ro ls ; 

1-O * ( lZ * t0 tra d 0 cef>yl)-2 -(9 Z -o c ta d 9 ce re 5y i) -s n -g ly c e to l
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(e ) Trlradylglycerols; Tricytglycerols: 
l-dodBcenoyt-2-h0xadecanoyl-3-octadecafK3vi-srvglYcerol

OH

o h '

OH

o
(I)  D ira d y lg ly c e ro ls ; D Iacy lg lyce fO l g ly c a n s :
1 ,2  d i- {9 Z .1 2 Z, 15 Z -o c ta d e c a lr ie ro y l) -3 -0 -p -D -g a la c to s y l-s rv g ly c e ro l

(g ) D ira d y lg ly c e ro ls : D i-g ly c e ro l te tra e th e rs : c a ld a rc h a c o l

OH,
OH

OH

OH OH
-O

OH

OH OH

(h ) D ira d y lg ly c e ro ls : D l-g ly c e ro l te tra e th e r  g ly c o n s : 
g e n tiD b io s y l-c a W a rc h a e o l;G lc p 1 *6 G lc p -c a ld a rc h a e o l

F ig . 3. R cp tcsc iu a c ivc  s tn ic iu rc s  fo r g lvce i o lip id s .

G lycero líp íds [G L ]

T he  g lyccro lip ids  esseniially encompass al) glycerol-con- 
ta in in g  lip ids. We liave purposely made glycerophospho­
lip ids  a separata category because o f  ih e ir  abundance and 
im p ortan cc  as m erabranc constituents, m ctabo lic  íuels,

and signa ling molecules. T he  g lyce ro lip id  category (Table 
5) is d o n iina ie d  by the m ono-, d i- and tri-subsiiiu ted glyc- 
erols, the m ost well-known be ing th c  fatty acid esters o f 
glycerol (acylglyccrols) (17. 18). A d d itio n a l subclasses are 
represenied by the  glycerolglycans, w h ich  are chai-acter-
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TABLF. 6. G lyce rophospho lip ids  [GPJ classes and subclasses

G lycc rophnsphocho lincs  [G P O l]
ü ia cy lg lycc ro p ho sp h och o liiie s  [GPOIOI j 
l-A lky ],2 -ac)'lg lycrropho5phocho lincs  fG P O I02 I 
1 Z-A lkcnyl,2-acylg lyccrophosphocholÍT ics [G P0103) 
D ia lky lg lyccvophosphocho l i ti es | GPO ] 0 4 1 
M onoacy lg lyce rophosphocho lines  [GPO 1051 
1-Alkyl g lyce iophosphocho lines (GPOlOGj 
1 ^A lke ny ig lyce ro p ho sp h och o lin e s  [G P0107] 

G lycc rophosphoc thano lam incs  [G P02]
D iacy lg iyccrophosphoc ihano lam inos [G P 0 2 0 I] 
l-A lky l,2 -acy ig lyccrop liosphocthano lam ines [C P 0202]
1 Z-A lkcxiyl,2-acylg lycci'ophosphoclhano1aniincs IGP02031 
D ia lk y lg ly rrro p h o s p h n c th a n o la m in rs  [G P0204] 
M onoacy lg lyce rophosphoe ihano lam incs [G P0205] 
l'A lk y l g lyccrophosphoe l.hano iam incs ÍGP02061 
1 Z -A lkeny lg lyce rophosphoe iliano lam ines [G P0207] 

G lyccrophosphosctnncs [C P 03I 
D iacyigtycerophosplioscT incs [GP0301 j 
l-A lkyí,2-acylg íycerophosphoscn 'nes [G P0302]
1 /^A lkcr»yl.2 -acylg lyrcrophosphoscrines [G P0303] 
D ia lky ig lyccrophosphoserines  [G P0304] 
M o tioacy lg lyccrophosphoscfincs  [GP03051 
1-Alkyl g lyccrophosphoscrincs  [GP0306J 
17rA lkcnylg lycerophosphosci'incs [GP0307J 

G lycr.rophnsphog lycnro ls  [G P04]
D iacy lg lyccrophosphog lycero ls  [G P O IO I] 
l-A lkyl.2-acy1glycerophosphoglyccro ls [G P0402]
1 ^ /\lkcny l.2 -acy lg lyce rophosphog lycc ro ls  [G P0403] 
ü ia lky lg lycc ro ph o sp ho g lycc ro ls  [GP04041 
M onoacy lg lyccrophosphog lyccro ls  [G P0405]
I-A lky l g lyccrophosphog lyce ro ls  [G P0406] 
i Z -A lkc iiy lg lycc rophosphog ly rc ro ls  ÍG P0407] 
D iacy lg lyccrophosphod irady lg lyce ro ls  [G P0408] 
D ia cy lg lycc fo p h osp h o iiion o ra dy lg lycc io ls  [G P0409] 
M onoacyfg lycerophosphom onorady lg lyce ro ls  [G P0410] 

G lycerophosphog lycc i'ophosp lia tes [G P05] 
n ia cy lg iycc rophnsphog iycc rop liospha ics  [GPOriO l] 
l-A lky l.2 -acy lg lyccrophosphog lycerophospha tcs [G P0502]
1 ^ /\Ikcny l,2 -acy ]g lyccropho5phog lycc fophospha tcs  [G P0503] 
D ia lky lg lyccrophosphog lycerophosp lia ies  [G P0504] 
M orioacylg lyce rophosphog lyce i ophosphates (GP0505J 
l-A lk y l g lyccrophosphog lycerophospha ics [C P0506]
I ^A lkeny lg lyce rop liosphog lycc rophospha tes  fC P 0507] 

G lyccrophospho inos ito ls  [G P06)
D iacy lg lyccrophospho inos ito ls  [GP0601 ] 
l-A lky i.2 -acy lg iyccrophospho itios ito ls  fG P0602]
1 Z -A lkr.iiy l,2 -a fy lg lyccroph f)sp ]io inos iio ls  [G Pnf)03] 
D ia lky lg lycc rop h o sph o ino s iio ls  [G P0604] 
M o noacy lg ]y rcrophosphn inos i(o ls  ÍGrOGOfí)
1-Alkyl g lyccrophospho inos ito ls  [G P0606]
I ^A lk c riy lg ly c c fo p h o s p lio in o s ito is  [G P0607| 

G lycc ro ph o sp ho in os iio l m onophospha les  [G P07] 
D iacy lg lyce rophospho inos ito l m onophospha les [C P0701) 
l-A lky1 ,2 -a ry lg lyccrophospho inos ito l m onophospha les [GP07f)21 
17^A lkcnyi,2 -acy lg lyccrophospho inosiio l m onophospha les [G P0703] 
D ia iky ig lycc rop h o sph o ino s iio l m onophospha les  [G P0704] 
M onoacy lg lyce rophospho inos ito l m onophospha les  [G P0705]
1-Alkyl g lyce rophospho inos ito l m onophospha les (GP0706J 
I > í-A lkenyig lycerophosphoínosíio l m onophospha les (GPfl707J 

G lyce rophospho inos ito l b isphospha ics [G P 08 ]
D iacy lg iyce rophospho inos iio l b isphosphaies [G rO S O ll 
l-A lky l.2 -a cy lg lycc io p h osp h o in o s iio l b isphospha ics [G P0802]
17 íA lkcnyl,2 -acy lg lyccrophospho inosito ! b isphospha ics (GP0803J 
M onoacy lg lyce rophospho inos ito l h isphosphates [GP0Rf)4]
1-Alkyt g lyce ro p ho sp b o in os iio l b isphospha ics [GP0805]
1 ^A lkcn y lg ly c c ro p h o s p h o in o s ito l h isphasphatcs [GPnSOfi] 

G lycc ro ph o sp ho in os iio l trisphospha lcs [GP09J 
D iacy lg iyce rophospho inos iio l irisphospha ics ÍGP0901J 
l-A lky l.S -acy lg lyce rophospho inos ito l irisphospha ics  [G P0902]
17-A lkenyl,2 -acy lg lyccrophospho inosito l trisphosphaies [G P0903] 
M o n o a ry lg lyce rop h o sph o in o s ilo l trisphosphalcs [G P0904]
1-Alkyl g lyce rophospho inos ito l irisphospha ics [G P0905]
I 7 -A lkcny lg lyccrophospho inos ito l Irisphospha ics [G?09061

TA B LE  6. (Cnruivued)

G lycerophospha lcs [G P IO ]
D iacy lg lyccrophosphates [G P lO O l]
I-A ikyI,2-ac) lg lycc rophospha trs  [G P IG 02)
17-.Alkcnyl,2-acylglyccT'Ophosphatc5 [G P1003] 
D ia lky lg lyccrophosp lm ics  |G P1004|
M o n o a q ’lg lyccrophospha tcs [C P  1005]
1-Alkyl g lyce rophosphalcs [GPIOOOJ 
1 /rA lkcny lg lyce rophospha tes  [G P1007]

G lyceropyrophosphaies [G P U ]
D iac)'lg lyccropyrophospha ics  (G P l 101] 
M onoacylg lyce ropyrophosphaies (G P l 102] 

G lyccrophosphog lycerop liosphüg lycc i'o ls  (c a id io lip in s ) ( G r i2 t  
D ia c )'lg lyccrophosphog lyccrophosphod irady lg lyccro ls  [G P 120] ] 
D iacy lg lyce rophosphog lyccrophosphom onorady lg lyccro ls  [G P l202} 
1-A lkyl,2-acylglyccfophosphoglyccrophosphodiradylglyccrols [G P l203] 
1-Alkyl ,2 -acy lg lvccrophosphog lyccroph osphom onoradylg lyccro ls  

[G P1204]
lZ -A lkeny l,2 -acy lg lyccrophosphog lyccrophosphoriirady lg lyccro ls

[G P 1205]
lZ -/\ lke n y l,2 -a q ’lg lyccrophosphog lycerophosphom onorady lg lyccro ls

[G P1206]
Monoac>’lg lyce rophosphog lvccrophospho inono rady lg lyccro ls  

[G P l207]
1-Alkyl g lyce ro phosphog iycerophosphod iiady lg lyce ro ls  [G P 1208] 
1-Alkyl g lycerophnsphog lyccrophosphom onoradyíg lyccro ls  [G P l 209] 
1 2-A lkenylg lyccrophosphog lyccrophosphodiradylg lyce ro ls  [G P l210] 
I ^A lkcn y lg lyce ro p h o sp h o g iycc ro p h o sp h o m o n o ra d y lg ljc c ro ls  

(G P l 211]
C DP-glyccrols [G P13]

C D P -d ia t^ lg lyccro ls  [G P l 301]
CDP-l-a lkyl,2-acyjg lycerols [G P1302]
CDP-1 ^a lkcny1,2-acylg lyccro ls [G P l 303]
CD P-d ia lkylg lycero ls [G P l 304]
CD P -inonoacylg lyccro ls  [ G P l 305 ]
C D P -I-a iky l g íyccro ls (G P1306]
C D P -17 ,a lken^g lyccro ls  [G P l307]

G lyccrophosphog liicosc  lip id s  (GP14]
D iacy lg lyccrophosphog lucosc lip id s  [G P l 401] 
l-A lky l,2 -acy lg lyccrophosphog lucosc lip id s  [GP14021 
17-A lkenyl,2-acylg lycerophosphoglucase lip id s  [GP14G3] 
M onoacy lg lyce rophosphog liicosc  lip id s  [G P1404]
1-Alkyl g lycerophosphog lucose  l ip i ils  [G P l405] 
l^A ikcn y lg lycc ro p h b sp h o g lu c iM C  lip id s  [G P1406] 

G lycerophospho inos iio lg lycans [G P ir)] 
D ia q ’lg lycc rophospho inos iio lg lycans  [G P1501)
1-A lky l,2 -acy lg lyccrophospho inosilo lg lycans [G P1502]
1 Z-A lkenyl,2 -acylg lycerophospho inosiio lg lycans [G P l 503] 
M onoacy lg lyccrophospho inos ito lg lycans [G P l504]
1-Alkyl g lyce rophospho inos iio lg lycans ¡GPir)051 
17-A lkeny lg lyccrophospho inos ilo lg lycans [G P1506] 

G iycc rophüsphonocho íincs  (G P l6 ]
D iacy ig lyccrophosphonocho lines [G P l 601] 
l-A lky l,2 -acy lg lyccrophosphonocho lines  [G P l602]
I ^A !kcny1 ,2-acy ig lyccrophosphonncho lincs  [G P l603] 
D ia lky lg lyce ro p h osp h o no ch o lin cs  [G P l604] 
M o noacy lg lycc rophosphonocho lincs  [G P l605]
1-Alkyl g lyccro p h osp h o no ch o lin cs  [G P1606] 
IT -A lke n y lg lycc ro ph o sph o n óch o lin e s  [G P l607] 

G lycc rophosphonoc ihano lam ínes  [G P l 7] 
D ia q ig lycc ro p h o sp h o n o c th a n o la m in e s  [G P l 701]
1-Alkyl ,2 -acy lg lycerophosphonoethano lam  i ncs [ G P 1702]
17-A lkcnyl,2 -acy lg lycerophosphonoe thano lam ines [G P l 703] 
D ia lky lg lyce rophosphonoc thano lam incs  [G P l704] 
M onoacy lg lycc rophosphonoe thano lam incs  [G P l 705]
1-Alkyl g lyce rophosphonoc thano lam ines  [G P1706]
1 7 -A lkcny lg lycc rophasphonoc ihano lam ines  [G P1707]

Di-gtycero( le ira c ih c r  p ho sp h o lip id s  (ca ldarchaco is) [GP18J 
G ly c c ro l- iio n iio l tc ira c th c r  p hospho lip ids  [G P19]
O x id iz c d  g lyce rophospho lip ids  [GP2Ó]
O lh e r  [GPOO]

Fahy el a i  Lipid classification system 849
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<a) Dlacylglvcofophos^wchollnes:

t-fie»MecanoyU2-(9Z-octtWcensr/<}-5fV9!ycefO-5-pftosprieicho«ne
(b) Diacylgtyccrophospbonochoiinos:

í*e«0ecanoy '-2 -(92-oc iad  ecenoyl)-&vglyc«r(>-3-phosphonoef>o6n©

(C) OiacytglycerophospnoeitianotarninM: 

i-»ie«adecanoyl-2-(9Z-o«adecenoyl)-ín-glycefo-3-pho$phoethanoiaiT'ine

oII H .COOH

(e) Diacytglycerophospnoserines: 

l-Hexadecenoyl-2-(9Z-OClaOecenoyi)-sr»giycefo->phosano8arine

 ------    ^

(9) OiacylglycorDpfiospboglyceroDhosphaies:

i-tíoxadocanoyl-2-(B2-OCtadocenoyl)-sn-glyc8iO-3-phospho-(l'-in-g1yceiol-3'-phosphate)

MO

(d) Oiacytglyceiup^iosphonoQthanolamines: 

i-haxa(Jecanoyl-2-<BZ-ociadecenoyl)-sn-giycero-3-onos90cf»«ihanoiafnine

(I) □iacylglycerophosphoglycerols:

l-hoxadecanDyl-Z-OZ-oaadecanoylVsivglycoro-S-phospho^r-srvglycBrol)

(n) O íacyig iyccrop^si^oinosi:as:

l-hexaOooanDyt-2-<9Z-oeS8deeenoyl)-í'vglycero-3-phcspho-;i'-iTi/o-¡r»8líol);

(i) Diecyigiycerophosphoinosilolmonaphosphates:
l-hBxadecanoyi-2.{92-oeiad8canoyl)-sn-gtycero-3-p(>ospho-(r.fnyi>lnositel-3'-phoaphaia)

(K) Oiacylgiyceiopyiophasphaies:

l-hexedacar>oyl-2-(9Z<ctadecenoy1|-sr>-gtycero-3-pyropho9phale 

Fig. 4. Reprcscmalivc siruciurcs for glycerophospholipids.

ü) OiacyigiyccropPospnaios (pnosDhatiülc acids):

1 -hexadocanoyt-2-(gz-ociaaoconoyl)-SfV9lycoro-3-pfxBphato

{I) CDP-dlacylglyceiois:

1-he»adecanoyl-2-|92-ocladecenoyt)-50-glycero-3-eytidine-5'-d>phospfiate

izcci by ihe  prescnce o f  one o r  m ore sugar residues at- 
lacbcd to  glycero l via a glycosid ic liiika g c  (19). Exampics 
oí’ si.ntcture.s in  ü iis  categoiy are shown in  F ig. 3. Macrocy- 
c lic  e t lie r  lip ids  also occur as g lyccro lip ids in  ü ie  mem - 
brancs o f  aichaebacteria (20).

G lycerophospho lip ids [G P)

T he  g lycerophospho lip ids are ub iq u iiou s  in  na ture and 
are kcy co iiip on en is  o f  t lie  l ip id  b ilaycr o f  ceils. Phospho­
lip id s  may be subdiv idcd in io  d is tinc t classes (Table 6) 
bascd on t lie  nature o f  the po la r “ head g ro u p ” a t the  ín-3 
pos ition  o f  the glycero l backbonc in  eukaryotes and eu- 
bactcria  o r the í «-1 posiüon in  the case o f  archaebacteria 
(21). In  t lie  case o f  thc  glyccrophosphoglycerols and glyc- 
e rophospliog lycerop liosp lia tcs, a .sccond glycerol u n it  con- 
scitutes p a rt o f  the  head g roup , whereas fo r  thc  glycero-

phosphoglycerophosphoglycerols (ca rd io lip ins), a th ird  
g lycerol u n it  is typicaJly acylated at t lie  s-n-l' and sn-2' posi- 
tions to  create a pseudos)Tnmejrical m o k c u le . F.ach head 
group class is fu r ih c r  d ifFercniiated on thc  basis o f  the rn-l 
and sn-2 subsiituents on the glycerol backbonc. A ltlio u g h  
ü ie  g lycerol backbonc is syinm etrical, the second carbón 
bccomcs a chira! cen tcrw hen the jtí-1 and'ín-3 carbons have 
d iífe re n t substituents. A  la rgc nu m ber o f  triv ia l ñames are 
associatcd w ith  phospho lip ids. In  the sy^tomaiic no incn- 
cla ture, m ono/d i-rady lg lyce rophospho lip ids  w itli d iífe re n t 
a q i  o r  a lkyl substituents are designated by s im ila r convcn- 
tions fo r  na in ing  o f  classes (see bclow) and are grouped ac- 
co rd ing  to  the com m on po la r m oieties (i.e., head groups).

Typically, one o r  bo th  o f  these hydroxy] g roups are 
acylated w id i long-chain fa tty  acids, b u t d ie re  are also al- 
kyl-linked and 12-alkenyH inked (plasm alogen) glycero-
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(m)OiacyigiycaroDhosp»iomonoracJylglycorots; (n) Oiacylgiycerophosphoglycerophosphodiradylglycorois:
1,2-diieiradecarwyl-s'vglyc«fo-3-phospho-0'-i8trad©canoy1-V-Sft-glyoerol) 1',3'-Bis[l¿-DK9Z-12Z-ociadocadienoy1)-sr>-glyC8ro-3-ptiosphoHr»-gtycerol

O
o

HO-

OH

HO-

(o ) O iacylg lycaro p h o st^o in o s iio ig iycan s:

E tN -P-6M ana1 -Z M a n a l -6M ano1 -4G lcNa1 -6GPIn3<14:0/ia-.0)

(p) 1-alkyl. 2-acylgtycerophosphocholines;
1-O-h0xadecyl-2-(9Z-octadecenoyl)-srvglycefo-3-phosphocholifie

(q ) 1Z -a)ko n yl, 2 -a c y lg fy c a ro p h o ^ o c h o lln e s :
1-0-(1Z-tetfadec8ny))-2-(9Z-octad9cerwy1)-Srt-glyc8fo-3^)hosphochoIine

NH,

H-

(r )  D i*g lycero l te tra e th s r phospholip ids (ca ld arch aeo ts ): $ n -c a ld a rc h a e o -i*p h o s p h o e th a n o la m irte

OH

OH
OH OH

HO'

(s) G tycero l'norato l Id r a e th e r  phospholip ids; s i> c a k lito -1 -(^ o s p h o e th a n o la m ln e

F ig . 4 . C o n lin i ic d .

phospho lip ids, as w c ll as d ia lky le the r variants in  p roka i7 - 
oLcs, T he  in a in  b iosynthetic paihways fo r  fhe  fo rm a tio n  o f 
GPCho and GPEtn (see Table 3 fo r  shorthand no ta tion ) 
%vcre ch ic ida tcd  th ro u g h  thc  c ffo rts  o f  Kennedy and co- 
workers (22) in  th c  IPñOs and 1960s, and m ore  de ta ilcd 
in ierconversion path^^■ays to  fo rm  addirional classes o f  phos­
pho lip ids werc describcd m ore rcccntly. In  add ition  to seiv- 
ing  as a p rim ary  com ponent o f  ce llu la r m em brancs and 
b in d in g  sites fo r  in tra ce llu la r and in ie rc e llu la r pro te ins, 
some glycerophospholip ids in  eukaryotic cells are c ith e r 
prccursors of, o r  are llicm sclvcs, m cm branc-dcrivcd scc­
ond  messengcfs. A sepárate class, called oxid ized glycero­

phospho lip ids , is composed o f  m olecules in  w h ich  one o r 
m ore  o f  th c  side chains have bccn  ox id ized. Sc%'cral over- 
views are availablc on the  cla.ssificadon, nom cnc la tu rc , 
m etabolism , and p ro filin g  o f  g lycerophospho lip ids (18,
23 -26 ). Strticuirc.s from  th is category are shown in  Fig. 4.

S ph ingo lip ids [SP]

S ph ingo lip ids  are a com plex fam ily  o f  com pounds t lia t  
share a com m on s truc tu ra l feature, a sph ingo id  base back- 
bone tha t is s)Tithesized de novo fro m  scrinc  and a long- 
chain fa tty  acyl-CoA, thcn  convcrtcd  in to  ccram idcs, phos- 
phosph ingo lip ids , g lycosphingo lip ids, and ot.hcr spccics,

Fahy el aK Lipid classification system 851



(a ) S p h in g a n in c s : s p h in g a n in e

H OH

HgN H HgN H

(b ) S p h in g o s in e s : s p h in g -4 -o n in e

y

H OH

H tí HH,rJ

{c ) P h y to s p h in g o s in e s : 4 -b y d ro x y s p h in g a n in e

HpN H

(d ) S p h in g o id  b a s e  h o m o lo g s  a n d  v a ria n ts : 
h e x a d e c a s p h in g a n in e

u
f

i
LU

UJ
CC.
9
Úu

u .o
<
zcc.
o
O

H OM

H

(e ) N < m e ttiy la te d  s p h in g o id  b a s e s : 
N ,N -d im e th y ls p h in g -4 -e n in e

(O S p h in g o id  b a s e  1 -p ho sph a te s : 
s p h in g -4 -e n in e - l -p h o s p h a ie

H OH
K .OH

NH H

(g ) N -a c y ls p h in g o s in e s  (c e ra m id e s ): 
N - ( le lra d e c a n o y l) -s p h in g -4 .e n in e

H OH

. . '^ N H H

O

(h ) C e ra m id o  p b o s p h o c h o lin e s  (sp h in g o m ye lin s )', 
N -(o c ta d e c a n o y l)-s p h in g -4 -e n in e -1-p h o s p h o c h o lin e

H. OH

NH H

(i) A c y lc e ra m id c s :
N -(3 0 -(9 Z ,1 2 Z -o c ta d e c a d ie n o y lo x y )- tfic o n ta n ü y l> -
s p h in g *4 -e n in e

Fig. 5. Reprcscntativc stiTiCturcs For sph ingolip ids.

in c lu d in g  p ro ic in  adducu» (27, 28). A  n u n tb c r o f  organ- 
¡sms also p roduce  sph ingo id  base anaJogs tha t have many 
o f  the  same fcatures as sph ingo lip ids  (such as long-chain 
alkyl and v ic ina l am ino  and hyd roxy l groups) b u t d iffe r  in  
o th e r featurcs. These have bccn in c lud ed  in  this category 
because some are known to fun c tion  as in h ib ito rs  o r  antag- 
onists o f  sph ingolip ids, and in  some organisms, these typcs 
o f  compound.s may sci-vc as surrogaies fo r  sph ingolip ids.

S ph ingo lip ids  can be d iv ided  in to  several m a jo r classes 
(Table 7): the sph in go id  bases and th e ir  s im ple derivaüves 
(such as th c  1-phosphate), the sph ingo id  bases w ith  an 
am ide-linked fatty’ acid (e.g., ceram ides), and m ore com ­
p lex sph ingo lip ids  w ith  head groups tha t are attached via 
phosp liod ies ie r linkagcs (th c  p lio .sphosphingo lip ids), via 
g lycosid ic bonds ( t lie  s im p le  and com p lex g lycosphin­
go lip id s  such as cerebrosidcs and gangliosidcs), and o the r 
groups (sucli as phosphono- and arscno-sphingolip ids). 
T he  lU P A C  has recom niended a systematic notnencla ture 
fo r  sph ingo lip ids  (3).

T he  m a jo r sph ingo id  base o f  majninal.s is com inon ly  re- 
fe rred  to  as "sphingosine," because tha t ñame was afhxed

(j) P h o s p h o n o s p h in g o lip id s :
N - ( te tra d B c a n o y l) -s p h in g -4 -e n in e - i-
(2 -a m in o e lh y lp h o s p b o n a te ).

by thc  firs i seien iis i to isolaie tliis  co inpound  (29). S ph in­
gosine is (25,3f?,4¿')-2-ain¡nooctadec-4-ene-l,3-diol ( it  is 
also ca llcd D-CTy//í7t>-sphingosine and sphing-4-enine). This 
is on ly  one o f  m any sph ingo id  bases fo u n d  in  nature, 
w h ich va iy  in  alkyl cha in leng th  and b ranch ing , the num ­
ber and positions o f  doub le  bonds, the presence o f  addi- 
tiona l hydroxyl groups, and o th e r fcatures. T he  structura l 
va iiaü on  has fun c tiona l s igniíicancc; lb;r exain))le, splun- 
go id  bases in  the derm is have add itiona í hydroxyls a t posi­
üon 4 (phytoceram ides) a n d /o r  6 that can in ie ra c t w ith  
ne ig hbo rin g  molecules, tlie reby  s treng ihen ing  t lie  per- 
m cab iliiy  b a rrie r o f  skin. S ph ingo id  bases are fo u n d  in  a 
variety o f  derivaüves, in c lu d in g  t lie  1-phosphates, lyso- 
sph ingo lip ids  (such as sphingosine 1-phospliocholine as 
we ll as sphingosine 1-glycosidcs), and N-m eüiyl derivatives 
(A ím eiliy l, N ,Aklim ethyl, and A^,A/,;Vtrimétliyl), In  addiüon, 
a large nu m be r o f  organisms, such as f iin g i and sponges, 
produce com pounds w ith  structura l s iin ila riry  to  sph in ­
go id  bases, some o f  which (such as tuyrioc in  and tlie  fu- 
m onisins) are p o ten t in h ib ito rs  ofcnzj'm es o f  sp h iiigo lip id  
metabolism .
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(k) N e u tra l G ty c o s p h ín g o lip id s : S im p io  G ic  se rle s : 

G lc p -C e r(d 1 8 :1 /1 2 :0 )

‘OR

NH

.OH

•NHOH
•OH

OH
'OH -B

OH
HN

(i) A c id ic  G ly c o s p h in g o lip id s : G a n g lio s id e s : 

G a lB i - 3 G a lN A c p i-4 (N e u A c a 2 - 3 ) Q a lp l- 4 G lc p -C e r (d l8 : l / lB :0 )

iO OH

HO -

•NH H

(m ) A c id ic  G ly c o & p h in g o llp ld s : S u tlo s p h in g o iip id s : 

(3 ’-6 u !fo )G a lB -C 0 f(tí1 8 :t/1 B ;O )

H OH

C O O H

N H  H

(n ) A c id ic  G ly c o s p h in g o lip id s : G lu c u ro n o s p h in g o lip id s : 

G lc U A B -C e r(d 1 8 :1 /1 8 :0 )

F ig .  5 .  C n n d m i c d .

CeraiTiides (M acyl-sphingoid ba5e.s) are a m a jo r subclass 
o f  sph ingo id  ba.se derivatives w ith  an am ide-linked fatty 
acid. T he  fa tiy  acids are typ ica lly saturated o r moncunsaC- 
u ra tcd  w ith  cha in lengths fro m  14 to  26 carbón atoms; the 
prescnce o f  a hydroxy! g ro u p  on carbón 2 is fa ir ly  com- 
m on . Ceramides somctimes have specialized fatty acids. as 
illiis tra tc d  by thc  skin ceram ide in  F ig. 5i. wh ich has a 30 
carbón fatty acid w ith  a hydrox)'! g roup  on the te rm ina l 
((o) carbón. Ceram ides are generally prcctirsors o f  m ore

com plex sph ingo lip ids. T he  m a jo r phosphosph ingo lip ids  
o f  m ainm als are sph ingom yelins (ce ra iiiid c  phosphocho- 
lines), whereas insecrs contain m ain ly  ceram ide phospho- 
cthanolam ines and f im g i have phytoceram idephospho- 
inosito ls  and m annose-con ta in ing head groups.

G lycosph ingo lip ids (4) are classificd on th c  basis o f  car- 
bohydrate com position: I )  neu tra l g lycosphingo lip ids con­
ta in  one o r m ore  uncharged sugars such as glucose (G lu ), 
g-alactose (Gal), W-aceiylglucosamine (G lcNAc), Aí-aceiylga-
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TA B LE  7. S p h in g o lip id s  [SP] classes and  subclasses

S p h in g o id  bases ISPO l)
SpJiing-4-eniiies (sphingosines) [S P ü lO lJ 
S ph ingan incs  [SP0102]
4-Hydrox)Tsphinganincs (phytosph ingosines) (SPOIOS) 
S p h in g o id  base hom o logs and  variam s ISP0104]
S p h in g o id  base l-phosphaccs [SP0105]
Lysosph ingom yclins and lysog lycosph ingo lip ids [SPÜ1U6] 
M M cchy la ied  s p h in g o id  bases [SP0107]
S p h in g o id  bascatia logs [SP0108]

Ceram ides fSP02]
W -Acyisphingosincs (ceram ides) [SP0201]
A A Ac^sphinganincs (d ih yd ro cera m idcs ) rSPü202) 
A tAcyI-4-hydroxysphinganines (phytoceram ides) [SP0203] 
A cylceram idcs [SP0204]
C eram ide  1-phosphaies fSI*0205l 

P h o sphosph ingo lip ids  [SP03]
C t'ja iiiíd o  p h o sp h o ch o liiic s  (sp liin g o iiiye lín s ) [SP0301J 
C e ia m id c  phosphoe thano lam ines [SP0S02J 
C eram ide  p hospho inos ito is  [SP0303] 

l ’ h osp b o no sp h ijigo li]) id s  ISP04]
N e u tra l g lycosph ingo lip ids  [SP05]

S iit ip le  G ic series (G lcC er, LacC cr, etc.) (SPÜ501] 
C a lN A c 3 1 -3 G a la l-4 G a lp M G lc - (g lo b o  series) [SP0502] 
G u lN A cP l-4G a1B l-4G lc- (g ang lio  series) (SP050S] 
G a ip l-S G lc N A c p i-S G a lp M G lc - (lac to  series) [SP0504]
G a ip i-4 G lc N A c p i-3 G a lp M G k -  (neolacco series) [SP0505] 
G a lN A c p i-3 G a lt il-3 G a lp l-4 G lc - (isog lobo  series) [SP0f»06] 
G lc N A c p l-2 M a n a l-3 M a n p l-4 G lc *  (m o iiu  series) [SP0507] 
C a lN A tP l-4 G lc N A c p i-3 M a n p M G lc -  (a t ih io  series) ISP0508] 
Ga1- (gala series) (SP0f)09)
O lh e r[S P 0 5 1 0 ]

A c id ic  g lyco sp h in g o lip id s  (SP06)
G angliosides [SP0601]
S u lfo g lyco sph iiig o lip id s  (su lfa iides) [SP0CO2]
G iu cu i o no sp h in g o lip id s  (SP0603]
P hosphog lycosph ingo lip ids  [SP0GÜ4)
O th e r fSPOeOO]

Basic g lycosph ingo lip ids  [SP07]
/\n ip h o ic r ic  g lycosph ingo lip ids  [SP08J 
A rse no sp h in g o lip id s  [SP09]
O t h e r  I S l ’ UÜ j

lactosainine (GalNAc), aud fucose (Fue), which are grouped 
in to  fam ilies bascd on ihe  na ture  o f  the  glyco-substituents 
as shown in  iJie lis iin g ; 2) a d d ic  g lycosph ingo lip ids con­
ta in  ion ized fun cuon a l groups (phosphate o r  sulfate) at­
tached to  neu tra l sugars o r charged sugar residues such as 
sialic acid  (Aíacetyl o r  N ^ lyco lo y l ne u ra n iin ic  acid). The 
la tic r  are called gangliosides, and thc  nu m be r o f  sialic acid 
residues is usually deno ied  u ith  a subscrip t le tte r (i.e., 
tuoiK j-, d i- o r  trí-) plus a nu m be r re flec tíng  t l ic  subspecics 
w iih in  th a t categoi7 ; basic glycosphingolipid.s; 4} am- 
ph o te ric  g lycosphingo lip ids. F o r a few g lycosphingolip ids, 
h is io rica lly  assigned ñames as anügens and b loo d  g roup 
structures are s till in  com m on use (e.g,, Lewis x  and sialyl 
Lewis x ). Some aquatic organisms con ta in  sph ingo lip ids 
in  which the phosphate is rep laccd by a phosphono o r ar- 
scnaic g i oup. T Ih ; o t lie r  catcgoiy includcs sphingolipids ü iat 
are covalendy attached to  prote ins; fo r  examplc, oi-hydrox)'- 
cerain idcs and lü-glucosylceramides are attached to  surfacc 
pro te ins o f  skin, and inosito l-phosphocenunidcs are used 
as m cm bra nc  anchors fo r  some fungal pro te ins in  a uian- 
n e r a iia logous to  thc  g lycosylphosphatidylinosito l anchors 
t lia t are attached to  pro te ins in  o th e r eukaryotes. Some 
examples o f  sp h in g o lip id  sm icturcs are shown in  Fig, 5,

TA B LE  8 . S ic ro l lip ids  [S T ] classes and  subclasses 

Sierols [STOIJ
C ho les tc ro l and  derivatives [S TO IO I]

C h o lcs ic iy l esleís [ST0102J 
Phytosiero ls a nd  derivatives [ST0103)
M a rin e  sierols a nd  derivatives [ST01Ü4J 
F iiiig a l sterols and derivatives [ST0105]

S ie io id s  [ST02]
C |8 s tcro ids (es iiogcns) and  dcri\-dlivcs 1ST02011 
Cin ste i'oids (androgens) and  dc jiva tivcs [ST0202]
C jl  s ie ro ids (g lu c o /m iiic ia lo c ü i tico ids. pi ogestogins) and 

derivatives [ST0203]
Secosicroids [ST03]

V iia m in  D j  and derivatives (ST0301)
V ita n iin  D j  and  derivatives (ST0302]

B i l f  acids and  derivatives |S T04]
0^4 b ilc  acids. a lcoho ls, and derivatives [ST0401 ]
C^ii b ilc  acids, a lcohols, and derivatives (ST0402]
Cqj b ile  acids, a lcoho ls, and  derivatives [ST0403]
Q s  b ilc  acids, a lcoho ls, and  derivatives [ST0404]

8 lc i'o id  conjugales ISTÜ5J 
G lucuron ídes [ST0501)
Sulfates [ST0502J 
G lycine  conjugates [ST0503]
T a u rin e  conjugales [ST05G4]

H opano ids  [ST06]
O th e r  [STOO]

Stero l lip id s  [ST]

The  sterol ca iego iy is subdm ded p rim a rily  on the basis 
o f  b io log ica l func tion , T he  sterols, o f  w h ich cholesterol 
and its derivatives are the m ost w idely stud ied in  mamma- 
lian Systems, constitu te  an im p o rta n t Component o f  mein- 
b ranc lip ids, a long w ith  the g lycerophospholip ids and 
sphingom yelins (30). T h c rc  are m any examples o f  un ique 
sterols fro m  p lan t, fungal, and m arine sources th a t are 
designated as d is tinc t subclasses in  this schema (Table 8). 
The  steroids, wh ich also conta in  thc same fused fo u r r in g  
core s tructure , have d iífe re n t b io log ica l roles as hom ioues

TA B LE  9. P rcn o l lip ids  IP R j clíisscs and  subclasses

Isop rcuo ids  [ I ’R O l]
¿5 isop rcno ids  [P R O I01 ]
Cio isüprenoids (m o no te ip en cs ) [PRÜ102J 
C |5 isop rcno ids  (sesqu iicrpcnes) 1PR0103) 

isop rcno ids  (d ite ip e ne s) [PR0104]
C25 isop rcno ids (sestc ile rpenes) jPROlOó)
Cjn isop rcno ids ( ir iie ip e n e s ) [PR01061 
C40 isop rcno ids (tc tra tc ip e iie s ) IPROI07J 
P o ly lc rpcnes (PR0108J 

Q u iñones and  h yd roqu inones  [PR02]
U b iq u in o ne s  fPR0201)
V ita n iin  E [PR0202]
V ita m in  K  [PR0203J 

P o lyprenols [PROS]
Bactopreno ls  [P R 0 3 0 I]
B a c to p rcno l m onophosphates fPR0302]
B actop reno l d iphospha ics [PR0303]
P liy lo p rcn o ls  ( I ’R0304j 
P hytop reno l m onophospha les [PR030.‘i ]
P liy io p ie n o l d iphosphutes [PR03Ü6J 
D o lich o ls  1PR0307)
D o lic h o l m onophospha les [PR0308]
D o lic h o l d iphospha ics [PR0309]

O th e r [PROO]
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(a ) C h o le s te ro l a n d  de rtva tíve s ; 
c h o lc s le ro l;  c h o !e s t-5 -e n -3 p -o l

(b ) C h o ie s te ry l e s te rs : 
c h o le s t-5 -e n -3 [ i-y i d o d e c a n o a ie

O H

HO HO-

(c) s te ro id s  (e s tro g e rts ) a nd  d e r iv a tiv e s : 

p -e s fra d lo l; 1 ,3 .5 [1 0 )-e s tra tr ie n e -3 .1 7 p -d io i

(d ) C ^g  s te ro id s  (a n d ro g e n s ) a n d  d e r iv a tiv e s : 

a n d ro s te ro n e :3 n :-h y d fo x y -5 n -a n d ro s ta n -1 7 -o n e

'O H

•OH

HO’

(e) C 21  s te ro id s  a n d  d e r iv a t iv e s :
c o r t is o l;  1 ip ,1 7 a ,2 l* tr ih y d ro )c y p re g n -4 -e n e -3 ,2 O -d to n 0

(() S e c o s te ro fd s ; V rta m ln  D g  a n d  deriva tives:
v ita m in  Dg: (5 Z ,7 E ,2 2 E )-(3 S )-9 ,1 0 -s e c o -5 .7 ,1 0 (1 9 ) .2 2 .

e rg o s ta te tra e n -3 -o l

Hi
(g ) S e c o s te ro id s : V ita m in  O 3  a n d  d e r iv a t iv e s : v ita m in  D3 ; (5 Z ,7 E )- (3 S ) -9 ,iO -s e c o -5 .7 ,1 0 ( l9 ) -c h o le s ia tr ie n -3 -o i 

F ig .  6 . R c p iM c n ia t i v c  s L r u c t t i r e s  f o r . s t e r o !  l ip id s .

and signa ling i-noleciiles (31). These are .subdividcd on 
tho basis o f  rhc m tm b e r o f  carbons in  the  core skcleton. 
T he  C|g steroids in c lud e  the estrogen fam ily, whereas the 
Ci«i steroids com prise th c  androgens such as testosterone 
and andro.sicronc. T he  C21 subclass, c o m a in in g  a two 
carbón .side chain at the  C ]- po.sition, includes the  pro -

gestogens as we ll as the  g lucocortico ids and mineraJo- 
cortico ids. T he  secosteroids. co inp ris in g  various form s o f  
v itam in  D, are eharacterized by clcavagc o f  the B r in g  o f  
the core structure, henee thc '‘seco” p rc fix  (32). A dd itionaí 
cla.sses w iih in  lite  sterols category are l i ic  b ilc  acids (33), 
w h ich  in  m am m als are p r im a r ily  derivatives o f  cho lan-
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(h) C24 bíle acids, alcohols, and dertvatíves: 
choiicacid: 3a,7a,l2a-trihydroxy*5fl-cholan-24-oicacid

(i) C27 bile acids, alcohols, and derivatives: 
3a,7a,12a-lrihydroxy-5&-cholestan-26-oic acid

OH

HO
H

OH

HO'

0) C26 bile acids, alcohols, and derivativas: 
3a,7a.\2a-tfihydroxy-27-noi-sp-tí>otestan-24-one

OH

OH
HO P*‘

(I) Steroid conjugates: Taurine conjugales: taurocholic acid; 
N-(3a,7«.l2a-trihydroxy-5p-cholan-24-oyl)-taurine

H O '

(n) Steroid conjugates: Sulfates: 
Sa-andros[ane-3a-oM7-one sullaie

F ig . 6 . C o n tin u c d ,

(k) Steroid conjugates: Glucuronídes: 
5a-androstane-3o*ol-17-one glucuronide

OH

'OH
H

(m) Steroid conjugates: Glycine conjugates: 
glycochotic add; N-(3a.7a,l2a-trihydfOxy-5P- 
cholan-24-oyl)-glycine

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

24-oic acid synihesized fro m  cho lestero l in  the  liv c r  and 
th c ir  con jugates (s u lfu r ic  acid , ta u rin e , g lycine , g lucu* 
ro i i ic  acid, and o thcrs). Sterol l ip id  structures are shown 
in  Fig. 6.

P reno l lip id s  [PR]

Prenols are s)'nihesized from  the five carbón precursors 
isopcn ienyl d ip liospha te  and d im ethy la lly l d iphospha ic 
tha t are p roduccd  m ain ly  via the m evalonic acid pathway
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(a ) C 5  is o p re n o td s :d im e th y la lly l p y ro p h o s p h a te : 

3 -m e th y fb u t-2 -e n y l p y ro p h o s p h a te

(b ) C ío  is o p re n o id s : 2 E -g e ra n io l

(c ) C 15 is o p re n o id s : 2 E ,6 E -fe rn e s o l

‘OH

(d ) O jo  is o p re n o id s : re tín o l; v ita m in  A

HO

H0‘
(e ) C 2 5  is o p re n o id s ; m a n o a lld e

X

á
4/>
UJ
CC
o
a .

Zj
u .
O

<
o c

3
O

(() C 3 0  is o p re n o id s : 3 S -s q u a le n e -2 ,3 -e p o x < d e

(g ) C 4 0  is o p re n o id s : & < a ro te rra

F ig . 7 . R cprc .'icm a tive  s tru c tu re s  fo r  p rc n o l l ip id s .

(34). In  some bacteria  (e.g., Eschénichia cóli) and plañís, 
isopreno id  precursors are made by the methylerv’th r ito l 
phosphate pathway (.35). Because i.he s im ple isoprenoids 
(lin e a r alcohols, diphosphates, etc.) are fo m ie d  by the 
successivc ad d itio n  o f  Cr; units, i t  is convcn ien t to  classify 
them  in  this m anner (Table 9), w ith  a po ly tcrpenc sub­
class fo r those structures c o n ta in ing  m ore  than 40 carbons 
(i.e., > 8  isopreno id  un its) (36). N ote tha t t ita m in  A  and 
its derivatives and phytan ic  acid and its ox ida tion  p ro du c t 
pristanic acid an; g rouped tm d c r  C 20 isoprcnoids. Caro- 
tenoids are im p o rta n t sim ple isoprenoids tha t fun c tio n  as 
an tiox idan ts and as precursors o f  t ita m in  A  (37). A n o th e r 
b io lo g ica lly  im p o rta n t class o f  m olecules is exe m p lified  by 
the qu iñones and hydroquinones, wh ich con ta in  an iso­
preno id  tail attached to  a qu inono id  core o f  non isopreno id 
o rig in . V itam ins E and K  (38, 30) as w cll as the ub iq u i­
nones (40) are examples o f  tliis  class.

Polyprenols and th e ir  phosphory la ted  derivatives play 
im p o rta n t roles in  the  transport o f  oligosaccharidcs across 
mem branes. P o ly |jreno l phosphate sugars and po lypreno l 
d iphosphate sugars fitn c tio n  in  extraqaop lasm ic glyco- 
sylation reactions (41), in  extrace llu la r polysaccharidc bio- 
synthcsis [ fo r  instancc, peptidog lycan poly inerizacion in 
bacte ria  (4 2 )], and  in  eukaryo tic  p ro te in  M glycosyla tion  
(43, 44 ). T he  biosyTithesis and fu n c tio n  o f  po lyp reno l 
phosphate sugars d iffe r  s ign ifican tly  from  those o f  thc 
po lyp reno l d iphospha ic  sugars; the re fore, we have placed 
them  in  sepárate subclasses. Bacteria s)Tithe.sÍ7.c po lyprc- 
nols (called bactoprenols) in  which t lie  term inal isoprenoid 
u n it  attached to  oxygen rcm ains unsaturated, whereas in 
an im al po lyp reno ls  (do licho ls ) the te rm ina l isop reno id  is 
rcduced. Bacteria l po lyp reno ls are typica lly 10 to  12 un its 
lo n g  (40), whereas do licho ls  usually consist o f  18 to  22 iso- 
p rene un its. Tn the  phytopreno ls  o f  plants, the  th ree  dista!
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(h) Ubiquinones: ubiquinone-lO (C o ^ lO ); 

2-methyl-3-decaprenyl-5,6-c(iin0thoxyt,4-ben2oc]uinone
(i) vilamín K: vitamin KjOO):

2-methyl, 3-hexaprenyM.4-napbthoqulnone; menaquinone-6

HO

(j) vtiamin £ : (2R,4'R.8'R)-a-tocoph0rol
‘OH

(k) Dolicbols: Dol-19; u-dihydrononadecaprenoi

HO­
MO'

HO' (I) Bactoprenol diphosphates;
T>ie Lipid i! peptidoglycan precursor in £. coft, urtdecaprenyl diphosphate glycan

F ig. 7. C o n ü tiu c d .

un its are reduced. Several exam pics o f  p reno l l ip id  sime- 
tures are shotvn in  F ig. 7.

Saccharo lip ids [S L]

We havc avoided the te n n  “ g lyco lip id ” in  ih e  classifica- 
üon scheine to  m a in ta in  a focus on lip id  stm ctures. In  
fact, a ll e igh t l ip id  caiegorics m  ihe  p rescn i schemc include 
im p o rta n t glycan derivatives, in ak in g  the tc m i g lyco lip id  
incom pa tib le  w itl i the overall goal o f  l ip id  categorization. 
We have, in  a íld ítion , c o iiie d  the Lcnn “saccharolipid.s” l o  

describe com pounds in  w h ich fa tty  acids are lin ke d  di- 
recüy to  a sugar backbone, fo m iin g  stm ctures ü ia t are 
com patib le  w ith  m en ib rane  bilayers, In  the  saccharolip ids 
(Table 10), a sugar subsütutes fo r  thc  g lycerol backbone 
tha t is p resen i in  g lyccro lip ids  and glycerophospholip ids. 
Saccharolip ids can occu r as glycan o r  as pho.sphorylatcd 
derivaüves. T he  m ost fa m ilia r saccharolip ids are the ac-

y la ied glucosam ine precursors o f  the lip id  A  com ponent 
o f  the lipopolysaccharides in  Gram-negátive bacteria (41). 
Typical lip id  A  molecules are disaccharides o f  glucosamine, 
w h ich are dcrivaüzed u ith  as m any as scVen fatty ac)i chains 
(41, 45). N o te t lia t in  na tn ing  these com pounds, t lie  total 
n u m b e r o f  fa tty  acyl groups are counted rcgardless o f  the 
nature o f the linkage (i.e., amidc o r  ester). T he  m in im al lipo- 
polysaccharide requ ired  fo r  grow th in  £. coli is a hcxa-acyl- 
ated lip id  A  tha t is glycosylated w ith  two 3-deox)‘-T>manno- 
octu losonic acid residues (see bc low ). Ih  .some bacteria, 
the  glucosam ine backbone o f  l ip id  A is rep laced by 2,3- 
d iam ino-2 ,3-d ideoxyglucose (46); tlteve fo rc , vhe class has 
been designated “ Acylatninosugars.”  Ind lud cd  also in  this 
class are tJie N od faciors o f  n ic rogen-fix ing  bacteria (47), 
such as Sinorhizobiuvi meliloti. T he  N od factors are oligosac­
charidcs oí'g lucosam ine tha t are usually derivatized \r ith  a 
single la ity  acyl chain. Add liionaJ saccharolip ids inc lude
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F ig . 8. R c p rc s c n ta t iv r  s tm c tu re s  fo r  sa ccha ro lip ids .

fa tt)' acylated derivatives o f  gkicosc, w h ich  are best exem­
p lif ie d  by thc  acylated trcha losc un its  o f  cc rta in  mycobac- 
le ria l lip id s  (11). Acylated fonns  o f  glucose and sucrose 
also have been reported  in  plants (48). Some saccharo- 
lip id  stn ic tu res are shown in  Fig. 8.

T/VRLF 10. S a cd ia ro lip id s  |S L | classes and subcla-^scs

Ac)’la in inosugat5 fSLOl l
M onoac)'lam inos»igars [51.0101]
D iacytam inosugai's [SL0102]
Triacy lam inosngars [51,01051 
T c iraaqdam inosugars  [SL0104]
Pcniaac>lam inosugats [SL0105]
Hexaac)’lam iiiosugars [SL0106]
H cptaacylam inosugars [SL0107]

A cs iam inos iiga r glycans [SL02]
A c jitrcha loses  [SL03]
Ac)’llrch a lo sc  giycans ÍSL04]
O lh e r  [SLOO]

.O H

HO-

NH

HO

HO-

(b ) A cy la m in osL ig ar& : D ia c y la m in o s u g a rs ; lip id  X

QJL—
O K  NH i ., O ^ 0 "^ / ''Vsu 

H O K  )  HO
HO*

(d ) A c y la m in o s u g a r g ly c a n s ; K d o ^ iíp id  A

PolyRetides [P K ]

Polyketide.s are synihesized by cla.ssic enzyrnes a.s well as 
itc ra tivc  and m u ltim o d u la r enzyrnes w ith  sem iautonom ous 
active sites tha t share inechan istic  featurcs w ith  thc  fatty 
acid synthascs, in c lu d in g  thc  invo lvem en t o f  specialized 
acyl ca rric r pro te ins (49, .50); however, po lykc iidc  synthases 
genérate a m uch g rca te r diversicy o f  na tural p roduc t stn ic- 
turc.s, m any o f  w h ich  havc th c  c h a ra c ic r o f l ip id s .  T he  
class I po lyke tide  s)mthases fo n n  constra ined m acrocyclic 
lactones, typ ica lly rang ing  in  size from  14 to  40 atoms. 
whereas class I I  and I I I  po lyketide synthases generate com ­
plex arom atic r in g  s)’stcnis (Table 11). Polyketide back*

TARl.F. 11, Polyketide.s fP K ] classes and snhcla.sses

M a c ro lide  p o lykc iir ic s  [PRO I ]
A ro m a tic  po lykcüdes [PK02]
N on ribo so m a l p c p lid c /p o ly k c ü d c  hybrids  1PK03]
O th e r  [PKOO]

Fahy el al. Lipid classification system 859
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bones are o fic n  ñ ir th e r  m od iñ ed  by glycosylaüon, m cü>  
ylaüon, hyd io xy laü on , ox idaüon , a n d /o r  o th e r proccsses. 
Some polyketides are lin k e d  w th  nonribosom ally  synthe- 
sized peptides lo  fo rm  hyb rid  scaffolds. Examples o f  thc 
three polyketide classes are shov.7i in  Fig. 9. Many com m only 
used an iim ic rob ia l, atitiparasitic, and an tica iiccr agents are 
polyketides o r  po lyketide derivaüves. Im p o rta n t examples 
o f these dn igs inc lude erytltrom ydns, tetracylines, nystaüns, 
avennecüns, and a jiü iu m o r epolJüIones. O lh e r polyketides 
are po ten t loxins. T he  possibility o f recom bin ing  and reengi- 
neering the  enzym aiic m odules tha t assemble polyketides 
has reccnüy süm ula ted the search fo r  novel “ u n n a lu ra l” 
na tura l producís, especially in  the an iib io tic  arena (51, 52).

We C ü iis itlcr üüs in in iin a l c lassifica iion o f  polykeüdes as 
the  firs t step in  a m ore elabórate schcme. I t  w l l  be im p o r­
tan t u lüm a tc ly  to in c lu d c  as m any po lyke tide  structures as 
possible in  a l ip id  database tha t can be searched fo r  sub- 
s truc tu rc  and c licnüca l similaricy.

D ISC U SSIO N

The goals o f  tJie L IP ID  MAPS in itia tive are to characterize 
known lip ids  and id e n tify  new ones, to  quan iita te  tem poral 
and spaüal changes in  lip ids  that occur w ith ce llu la r meiab- 
olism , and to  rlcvelop b io in fonuadcs approaciies tlia t estal> 
lish dynamic l ip id  networks; the goals o f  L ip id  Bank (Japan) 
are to  a n n o ia te  and cúra te  l ip id  s truc tu res and the  h te r- 
a tu re  associated w ith  tlie m ; and thc goals o f  the European 
L ip id om ics  In itía tivc  are to  coordína te and organize sci- 
c n t if ic  in te rac tio ns  and workshops associated w ith  lip id  
research. To c o o rd in a tc  th c  in d e p e n d e m  cíToris fro m  
lin e e  contínents and to  fac iliia te  collaboraüve w ork, a 
co inprehcnsive classificaüon o f lip id s  w ith  a com m on plat- 
fo n n  tha t is com paüble t r i ih  in fonnaücs requirem ents 
musL be dcv'eloped to  dca l sviilt the  massive am oun is o f 
data tha t w ill be gcnera ted by the lip id  com m unityt T lie

proposed classification, nom encla tnre . and Chemical rc j>  
vesentation system was in it ia lly  designed to  accom inodate 
the massive data t lia t  w ill result fro m  d ie  L IP ID  MAPS ef- 
fo rt, b u t i t  has been exparided to accom m odatc as many 
lip ids  as possible. We also havc a iicm p tcd  to m akc the  sys- 
lem  com patib le  w ith  existing lip id  databases and thc  lip ­
ids currendy anno ia ted i i i  them . I t  is designed to  be cx- 
pandable should new catcgories, classes, o r subcla.s.ses he 
requ ired  in  d ie  fu tu re , and updates w ill be m a in ta ined  on 
the L IP ID  MAPS website. T he  dcve lopm ent o f  d iis  system 
has been enriched by in ie ra c tion  w itlt lip tdo log is ts  across 
the w o rld  in  the hopes that this system \s ill be in tc rn a tio n - 
ally accepted and used.BÍ

T ile  a u ih o rs  ap p rec ia ie  che agi e c in e n t o f  l ite  I iu e n ia d o n a l L ip ­
ids C lass ifica tion  and N o m e n c la tn re  C o m m iu c e  lo  udvisc c u  
fu tu re  issues in v o lv in g  th e  m a in te n a n ce  o f  these rcco m m e n d a - 
lio n s . T h is  c o n im it ie e  c u r re n d y  in c lud es  E dw ard  A . D enn is  
(ch a ir), C h ris tia n  Raccz and  R o b c rt M u rp h y  re p rese ndn g  L IP ID  
M APS. F i ie d r ic h  S pen e r i c p re s e iit in g  ü ie  In ie m a tio n a )  C o ii-  
fe rc n c c  o n  the  B iosciences o f  L ip id s , G e r r it  van M c e r le p re - 
sen tlng  d ie  E uropean L ip id o m ic s  In itia tive , and  Yousuke Seyama 
a n d T a k a o  S h im izu  re p re s e n tin g  d ic  L ip id B a n k  o f  ü ie ja p a n e se  
C o n fe rc n c c  on  th c  B io c h e m is iry  o f  L ip id s . T h e  a iu h o rs  are 
m ost a p p re c ia iiv c  o f  in fo rn ia tiv e  d iscussions a n d  encou i'agc- 
m e n t o f  th is  c fifo rt w ith  P ro fcsso r R ich a rd  C am in ack , K in g ’s 
C o llcg e , L o n d ü ii,  w ho  is ü ie  C h a in n a n  o f  ih e  N o m c n c la iu i c 
C o m m itte e  o f  lU B M B  and  ü te  lU P A C /IU B M B  Jo inc  C om m is- 
s ion on  B iochem ica l N om enc iacu re . T h e  a u th o rs  th a n k  the  
C o n so rü u m  fo r  F u n c tio n a l G lycom ics  {headed  b y  R ain Sa- 
sisekharan at ü ie  M assachuseits In s t iu itc  o f  T e d in o lo g ) ')  fo i ' 
p ro v id in g  us w ith  th c ir  tc x t  n o rn c n c la lü rc  fo r  g lycosyla ted 
s truc tu res. W e are g ra te fu l to  D r. Joan C h in , P rog ram  D ire c to r  
at the  N a tio n a l Insc itu tes o f  G en e ra l M e d ica l Science.s, fo r  h c r  
va lua b le  in p u t  to  th is  c f fo r i.  T h is  w o rk  was s u p p o r ic d  by the 
L IP ID  M A P S  Large-Scale C o lla b o ra tiv c  G ra n i G M -069338 iVom 
the  N a tio n a l In s iilu te s  o f  H c a lü i.
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In 1967, a “Document for Discussion” on lipid 
nomenciaturel * 1 was issued by CBN. I t  included 
a special system for the designatíon o f coníigura- 
tlon in glycerol derivatives that deviated con- 
siderably from standard stereochemical nomen­
clature-. This system is based upen a flxed num- 
bering (“stereo-specific numbering”)  for glycerol, 
regardless of substituents. I t  was hoped^ * < that 
•’discussion will lead shortly to the formulation’* 
o f recommendations acceptable to chemists in the 
field oflipids.

In subsequent years, there has been little discus- 
sion about this principie o f stereospeciftc num­
bering; it has been well accepted within the field 
of glycerol derivatives, for which it has been 
especially useful*, and is widely used. However, 
during tús  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” I21̂  vv îch includes a 
section on the nomenclature of phosphorus-con- 
taining organic compounds and necessitates a 
reconsideration of the earlier nomenclature^*! in 
this area.
The present “ Recommendations 1976“ are based 
on reports o f working groups on lipids^ and 
glycolipidsK. The main features are:
1. the system o f stereospccific numbering is 

retained;
2. semisystematic nomenclature is extended to 

the phsmalogens;
3. a semisystematic nomenclature forhlgher 

^ycosphingolipids, based on trivial ñames for 
specific trí- and tetrasaccharides, is proposed.

S
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RECOMMENDATIONS

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

A. Generíc terms

Lip-1.1. The term fatty acid designates any one 
of the alíphatic monocarboxylic acids that can 
be liberated by hydrolysis from naturally occur- 
ring fats and oils. In  the terms “ free fatty acids” 
or “nonesterifíed fatty acids” , now widely in use, 
“ free” and “nonesterifíed” are actually redundant 
and should be omitled (See Líprl .14). [The 
designation “aiiphatic carboxylate (CiQ-Cae* 
nonesterified)” used by the Commission on Quan- 
tities and Units in Clinical Chemistry is correct, 
but rathercumbersome.] Whenever the sum of 
fatty acids and their esters is determined by an 
analytícal method, this should be explicitly 
stated. (See also Lip-1.6).

‘  CBN does not wish to imply that the idea o f stereo- 
specific numbcxing should be applied to other groups o f 
compounds. I t  is the symmetry o f glycerol itself, but 
the asymmetry o f its derivatives canying diíTerent 
substituents at 0-1 and 0-3, as well as the unique place 
o f these compounds in lipid metabolism, that makes this 
special treatment desinble.

Lip-1.2. Neutra] fats are mono-, di- or tríesters of 
glycerol with fatty acids, and are therefore termed 
monoacylglycerol, diacylglycerol or triacylgly­
cerol, as appropriate. “Acylglycerols” includes 
mixtures o f any or all o f these.

Comments
i) The term “ acyl”  is used in Organic Noraenclaturel^l 
to denote the radical formed by loss o f the OH group 
from the acid function o f any acid (cf. Lip-1.6). We are 
concerned here with acyl radicáis o f alíphatic carboxylic 
acids with four or more carbón atoms, the larger members 
o f which (>  CI o) are also known as "higher fatty acids."

^ Membo-s o f the Working Group on Lipid Nomenclature; 
H. Hirschmann (U.S.A.), P. Karlson (Gmnany: convenor), 
W. Stoffel (Gerroany), F. Snyder (U.S.A.), S, Veibel 
(Denmark), F. Vdgtle (Germany).
8 Members o í the Working Group on Glycolipid Nomen­
clature: S. Basu (U.S.A.), R. O. Brady (U.S.A),
R. M. Burton (U.S.A.), R. Caputto (Argentina), S. Gatt 
(Israel), S. I. Hakomori (U.S.A.), M. Fhilippart (U.S.A.), 
L. Svennerholm (Sweden), D. Shapito (Israel),
C. C. Sweeley (U. S. A.), H. Wiegandt (Germany; 
convenor).
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UJ The oid terms monoglyceride, diglyceride and tri- 
glyceride are discouraged and should progressively be 
abandonad, not only for oonsistency, but mainly be* 
cause strict interpretation does not convey the intended 
meaning. “ Triglyceride” , taken literally, indícatcs three 
glycerol residues (e.g., cardiolipin), diglyceride two (e.g., 
phosphatidylglyccrol), and a monoglyceride is a mono- 
tfcy/giycerol.

Lip-1.3. The gencric term “long-chain alcohol” 
or “ fatty alcohol” refers to an aiiphatic compound 
with a chain-length greater thanCjo that possesses 
a terminal CH2OH group. Such alcohols should be 
named accordingtó systematic nomenclaturel^l. 
(á le  Lip-1.7).

Lip-1.4. The term sphingoki or sphingoid base 
refers to sphinganine {cf. Lip-1.8), [x3-€rythTO-2- 
amino-l,3-octadecanedíol ( I) ] , its homologs and 
stereoisomers (11, I I I ) ,  and to the hydroxy and 
unsaturated derivatives of these compounds 
( ÍV  - V I). The term 'Tong-chain base” may be 
used in a wider sense to indicate any base con­
taining a long-chain alíphatic radical.

Lip-1.5. The following generic terms are used for 
the foA)wing groupsof compounds:

a) sphingolipid, for any lipid containing a 
sphingoid;

b) ceramide, for an^acylated sphingoid;
c) sphingomyelin, for a ceramide-1-phospho- 

choline (see ref.í^l for this use of “phospho” ; 
also Lip-2.11);

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

B. Individual compoonda

1. Fatty acids and alcohols

Lip-1.6. Fatty acids (cf. L ip -1 .l) and their acyl 
radicáis (cf. Lip-1.2, comment i) are named ac- 
cording to the lliPAC Rules for the Nomenclature 
of Organic Chemistry (ref.1^1, Rule C 4 ). (A  list 
of trivial ñames is ^ven in Appendix A .) Fatty 
acids are numbered with the carbón atom of the 
carboxyl group as C-1. By standard biochemical 
convention, the ending -ate in, e.g., palmitate 
denotes any mixture o f the free acid and its ion­
ized form in which the cations are not specífled. 
The ending -ate is also used to desígnate esters,
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e.g., choiesteryl palmitate. ethylidene dilaurate, 
etc. (cf. Lip-1.12). Structural isomers of poly- 
unsaturated acids, hitherto distinguished by Greck 
letters (e.g., a- and y-linolenic acids), are bctter 
distinguished by the locants of the unsaturated 
iinkages (e.g., (9,12,15)- and (6,9,12)-linolenic 
acids, respectively). (See Lip-1.15). However, the 
Greck letter prefíxes may be useful in (defined) 
abbreviatlons (see Appendix A).

Lip-1.7. Long-chain alcohols (fatty alcohols) and 
the radicáis deríved from them should be desig­
nated by their systematic ñames (ref.í^I, Rules 
C-201 and A-1 et seq.), but not by trivial ñames 
that are deríved from those o f fatty acids.

Examples: 1-hexadccanol and hcxadecyl-, not palmityl 
alcohol and paimityl-; 1-dodecanol and dodecyl-, not 
lauryl alcohol and lauryl-.

2. Sphmganine and derivatives

Lip-1.8. The compound previously known as 
dihydrosphingosine [2D-amino-1,3¿>-octadecane- 
diol or D-cr>'fhro-2-amino-l,3-octadecanediol or 
(25,3R)-2-amino-l,3-octadecanediol] is called 
sphinganine (I).

Lip-1.9. Trival ñames of higher or lowcr homol­
ogs of sphinganine may be deríved by adding a 
preñx (ref.i^!. Rule A -l)  denoting thc total num­
ber of carbón atoms in the main chain of the 
homolog, e.g., icosasphinganine* for the C^o 
compound ( I I I ) ,  hexadecasphinganine for the 
compound.

Lip-1.10. Affixes denoting substitution of sphm­
ganine (hydroxy, 0x0, methyl, etc.) are used as 
usual, according to existing rulesl^l. The configu- 
rations of additionaí substituents ^ould  be 
specified by the prefíxes "D "  or “L ” (italic 
capitals, cf. ref.l^l) following the locant of sub­
stitution. These prefíxes refer to the orientation 
of the functional groups to the r í ^ t  or left, 
respectively, o f the carbón chain when written 
verlicaily in a Fischer projectíon with C -I at the 
top (cf. Formulae I  - V I). I f  the confíguration is 
unknown, the prefix "X "  may be used. In the 
case o f a racemic mixture, rae should be used as 
a prefix to the ñame.

* Fonnerly eicosasphínganine (see footnote d  in 
Appendix A).
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Sphinganine 
[D -aythro  or 25,3R

(2R,3R> (or D-threo-) 
2-Amino-l,3-ocU-

lo osa ^ ih in^m e*

■CftfOff

I

C-H
I

H - C
I

¡CMfJff
I

Sphingosine;
r/)an^4-sphingenine;
(4£>sphingenine;
(25,3R ,4f>-2-aininCH4- 
octadecene-1,3-dioL

*  Formerly eícosasphlnganíne (see footnote d  in 
Appendix A).

4í>-Hydjoxy$phinganine; 
(25.35,4R>2.ammo- 
1,3,4-octadecane tr io l; 
(phytosphingosine).

CHfQH

I ■

C - H
I
C - H
I

ICHjJs

CHj

YI

c«-4-Sphingenine;
(4Z)-sphingenine.

Sphmgoids diíTeríng from sphinganine in their 
confígurations at C-2 and/or C-3 should n o t  be 
named as derivatives of whinganine, but with 
fuUy systematic namesl^l, using the prefíxes 
D-threo, L-e ry th ro , as appropriate, e.g., D-threo-
2-amino-l,3-octadecanediol, or (2/?,3R)-2-aminor 
1,3-octadecanediol, for 11 (cf. Rule Carb-8 in 
ref.l*!). (cf. Lip-1.11, ex. 4).

Comment. The semisystematic ñames for the sphingoidi 
are signifícantly shorter t)mn the fuUy systematic ñames 
only i f  the terms chosen imply not only substituents but 
also confígurations. Therefore, the ñame "sphinganine'' 
specifies the D-erythro confíguration, and it  is lo^caL 
that the ñames o f stereoisomers o f sphinganine dUTering 
in confíguration at C-2 and/or C-3 should not include 
"sphinganine”  as a root. (This recommendation differs 
from that in the previous documenté * 1.)
The confígurations usually encountered have idéntica! 
configurationaj prefaes only i f  a D¡L but not i f  the R¡S 
system!*! is used; e.g., C-3 is¿> and R in icosasphinganine 
( III)  and D  and 5 in 4i>-hydroxysphinganine (IV). When­
ever it  is deairabie to use the R¡S system, the fu ily  sys­
tematic ñame should be used w ith the q>ecifícation o f 
confíguration at every center (and, when appücable, o f 
the confígiuation at the double bond).

Examples:
(2R ,3R>-2-amino-l ,3-ocladecancdiol, fo t 11; 
(25,35,4R>-2-afnmo-l,3,4-octadecanetrio) for IV; 
(25,3Jt.4£>2-amino-4-octadecene-l,3-diol for sphin­
gosine (V). (See also Lip-1.11.)

Ltp-1.11. Ñames for unsaturated compounds arje 
deríved from the ñames o f the corresponding 
saturated compounds by the appropriate infixes; 
namely ene, diene, yne, etc.í^l. I f  the geometry 
of the double bond is known, it should be indi- 
cated by the more m odem £/Z  system (cf.í*l, 
Rule E-2.2), e.g., (4i?)-^)hingenine for sphin­
gosine (V).
The trivial ñame sfdimgosine (V ) is retained. I f  
trivial ñames other than sphingosine are used, they 
should be defíned in each paper in terms o f this 
nomenclature, or o f the general nomenclature df 
organic chemistryl^l.

O tha ñames for the substances described in Lip-i:10 
and Lip-1.11:
4Z)-hydroxysphinganine for IV , formerly known as 
phytosphingosine;
(45)-sphlngenine for sphingosine (V);
(4Z>-sphmgenÍnc for the geometric isomer o f sphin­
gosine (VI);
D-rhreo-2-amino*l,3-octadecanediol for the C-2 epimisr 
o f sphinganine (II) ; cf. LÍp-1.10, Ex. I.

lU P A C -IU B  Commission on Biochemical Nomenclature Nomenclature o f  lipidii 117
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i .  Glycerol derivatives

Lip-1.12. Esters, ethcrs and other 0-derivatives 
of glycerol are designated according to Rule 
Carb-15 of the Rules o f Carbohydrate Nomen­
clature!®! i.e. by a prefix, denoting the substituent, 
preceded by a locant. I f  the substitution is on a 
carbón atom, the compound is designated by its 
systematic ñame and not as a dcrivative of glycerol 
(e.g., 1,2,3-nonadecanetríol forC ieHsjCHO H- 
CHOH-CHjOH, which could be considered as 
1-C-hexadecyiglycerol). It  is permissible to omit 
the locant O ” if  the substitution is on the oxy­
gen atoms of glycerol.

Examples: tiistearoylglyccrol or trÍ-0-stearoylglycerol or 
glycerol tristearate. or glyceryl tristearate; 
1,3-benzylkleneglycerol or 1,3-O'benzylidene^yceiol; 
glycerol 2-phosphate (a permissible altcrnativc to this 
term is 2*phosphoglycerol).

Comment. The altemative system set forth in Rule 
Carb-16 o f the Rules on Carbohydrate Nomenclature! ®!, 
i.e. the use o f the suffbc -ate, is less suitable for glycerol 
esters, w ith the exception o f the phosphates (see Exam­
ples). However, this system may be used to  designate 
esters o f monofunctional alcohols, e.g. choiesteryl 
palmitate (cf. Lip-1.6).

Lip-1.13. Stereospedfíc numbering. In order to 
designate the confíguration of ̂ ycerol derivatives, 
the carbón atoms of ̂ ycerol are numbered stereo- 
specifically. The carbón atom that appears on top 
in that Fischer projectíon that shows a vertical 
carbón chain with the hydroxyl group at carbon-2 
to the left is designated as C- i . 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 
begtnning o f a sentence, immediately preceding 
the glycerol term, from which it is separated by 
a hyphen. The preñx “rao " (for racemó) precedes 
the full ñame if  the product is an equal mUture 
of both antipodes; thc prefix “X - ” may be used 
>^en the confíguration o f the compound is either 
unknown or unspecified (cf. Lip-1.10).

Examples:
sn-glycerol 3-phosphate for the stereoisomer 
(V II =  VIH), previously luiown as either L-crglycero- 
phosphoric acid or ss D-glycetol 1-phosphate; 
wc-i-hexadecylglycerol;
1,2-dipalmitoyl-3-stearoyl-Jir-giycerol.
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Comments
i) The problem o f distinguishing between stereoisomers 
was discussed in extenso in the 1967 document!*!. !n 
brief, difTiculties arise because glycerol is a prochiral 
compound, The parent substance o f many phospholipids, 
natural glycerol phomhate, has been named both as L-o- 
glycerol phosphate!^' (V II) and, according to standard 
rules o f nomenclature, D-glycerol 1-phosphate!*! (V III). 
When the R/S system (sequence rule) is applied, substitu- 
tion o f one o f the primary hydroxyl groups often Icads 
to changes in the configurational prefíx, thus obscurii^ 
Chemical and biogenetical relationships; it  is generally 
tnapplicable to the steric descriptíon o f such mbctures
as occur in trlacylglycerols isolated from natural sources: 
The stercospecific numbering o f dyccrol and its deriva­
tives as proposed by Hirschmann‘^!, dcsaibed above 
(and in ref,>* I), avoids these dlfnculties; It has proved 
useful and is widely accepted.
ii) The enantiomer o f sn-glyccrol 3-phosphate (V il)  is 
SR-glycerol 1-phosphate (IX), as is evident from thc 
structures.

CHjOH CHjOPOjH}

CUfQPOjHj CHfiH

vu •  vin

sn-Glycerol 3-phosphate 
(L-(glycaol 3-phosphate) 
sD-(g1ycerol 1-phosphate))

CHjOPOyij

'cHjOñ

IX

m-Glycerol 1-phosphate 
(L-(glycerol 1-phosphate) 
s lH g lyce ro l 3-phosphate) |

C. Symbols and abbreviatíons

Lip-1.14. The term “fatty acids” (cf. Lip-1.1) 
should not be abbrevlated. The use of abbrevia- 
tions like “FFA”  foí “free fatty acids”  or “NEFA” 
for “non-esterified fatty acids” is strongly 
discouraged.

Comment. The words "acids”  and "esters”  serve to 
dístínguish the "free" (nonesterified) and "bound" 
(esterifíed) fa tty  acids, and are as short as or shorter than 
the abbreviatlons themselves.

Lip-1.15. In  tables and discussions where various 
fatty acids are involved, the notation giving the 
number o f carbón atoms and o f 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 :0)acyl”  may be used to symbolize 
radicáis of fatty acids. (See Appendix A).
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Comnunt. This system is already widely used. I t  should, 
however, be kept in mind that i t  sometimes does not 
completely specify the fatty acid. For example, o-lino- 
lenic acid and 7-linotenic acid are both 18:3 acids; the 
designation 18:3 is therefore ambiguous. in  such a case, 
the position o f double bonds should be indicated, e.g.
18:3(9,12,15) fo r (9, l2,lS)-linoíenicacid, formerly 
known as orlinolenic acid.

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

tívely. Tliis structural regularity should not be 
expressed as o>9.

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
propriate ñame o f ̂ e  compound(s) [e.g. (18:1)- 
alcohol] or in the heading o f the table. The 1-ene 
of alk-l-en-l-yl (¿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 o f 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.l*®!), and, for glycolipids, in 
Lip-3.13. They are constructed in analogy to 
those in use for amino acidsl**!, nucleosidesl*^! 
and saccharídes!**!.

11. PHOSPHOLIPIDS

A. Generic terms

The Rules o f The Nomenclature of Organic Phos- 
phorus Compounds (also known as D-Rules)!^! 
reco^ize, for biochemical usage, the preñx 
phospho- as an altérnate to 0-phosphono- (or 
JV-phosphono). By a similar convention!*®!, -phos­
pho- may be used as an infix to designate the 
phosphodiester bridge present in such compounds 
as ^ycerophosphocholine. The use o f root ñames 
like “phosphatidic acid” is retained and extended 
(Lip-2.3 - 2.4).

Lip-2.1. Phoepbolipid 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- 
lipíds.”

Lip-2.2. Glyceropbosphcdipid signifíes any deriv- 
ative of glycerophosphoric acid that contains at 
least one ¿-acyl, or ¿-alkyl, or £3-(l-alkenyl) 
group attadied to the glycerol residúe. Generíc 
ñames for other classes o f phospholipids may be 
coined according to this scheme, e.g., sphingo- 
frftoqihf^pid, inosítolpho^olipid.

Comment. The oíd terms, “ phoq>hat¡de," “ phospho- 
glyeride," and “ phosphoinositide”  are no ionger recom- 
mended because they do not convey the intended 
meaning (see also Lip-1.2).

Lip-2.3, niosphatídic acid signifíes a derivativé 
of a glycerol phosphate (glycerophosphate) in 
which both remaining hydroxyl groups of glycerol 
are esterifíed with fatty acids. The position of 
the phos|^ate group may be emphasized by 
stereospecifíc numbering.

Comment. Por thc most common (3-m)-phosphatidic 
acid and its derivatives, the locants are often omitted; 
However, "phosphatidyl”  without locants can lead to

CHjO-CBR

OH

.X

A phosphonolipid

(^¡0-CQR

Hf0)P-0~ C^H

C H f i - m '

XI

2-Phosphatidic acid
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ambiguities. It is therefpre prefeiable to use the proper 
locants, for example, 2-phosphatidic acid for compound 
XI, and 3-sn-phosphatidylserine for XIIa.

Lip-2.4. The common glycerophospholipids are 
named as derivatives of phosphatidic acid, e.g.
3-sn-phosphatidylcholine (this term is preferred 
to the trivial ñame, lecithin; the systematic ñame 
is 1,2-diacyl*sn-gIycerO‘3-phosphodioIine); 3-m* 
phosphatidyiserine; 1-phosphatidyIinositol (see 
comment ii bclow); 1,3-bis(3-sn-phosphatidyl)- 
glycercl.

C H fi-m

R W -B ^C ~H  U
: B I ^
C H fi ~ P - 0 -  C H /-C H  -  CÜfi 

I
OH

m »

Phosphatidylserine O-sn-phosphatidylserine)

CH fi -C O R

HQ^C^H O NH,
'■ t I
C H f i - P ~ 0 ~ C H ¡ - C H - C 0 f i

OH

XII b

A 2-lysophosphoIipid

Comments
i) It is understood that, in combination w ith compounds 
like ethanolamine (properly, 2-aminoethano!) or scrine, 
which bear both hydroxyl and amino groups, substitu­
tion by phosphonis is at thc hydroxyl group o f the 
ethanolamine or serine. Substitution at any other posi­
tion, or whete confusión may arise, tequtres a locant.
ii) The phosphorylated derivatives o f l-(3-m-phospha- 
tídyDinositol should be callcd 1-phosphatidyllnositol
4-phosphate and l-phosphatidylinositol 3,4-bisphos- 
phate, respectively. The use o f "diphosphoinositide”  
and "triphosphoinositide'' for these is discouraged, as 
these ñames do not convey the Chemical structures of 
the compounds and can be misleading. (Cf. also Table IV 
in re f.!‘ ®l).

Lip-2.5. As an altemative, generíc ñames may be 
coined according to Lip-1.13, i.e. using glycerol 
phosphate (glycerophosphate) as the stem. In this 
case, the stereospecifíc numbering o f ̂ ycerol

should be used to indicate the position of the 
phosphoric residue as well as the other substi­
tuents (acyl-, alkyl-, 1-aIkenyl). I f  the nature of 
these substituents cannot be specified, the prefíx 
“ radyf' may be used.

Lip-2.6. Derivatives o f phosphatidic acids re- 
sulting from hydrclytic removal of one of thc 
two acyl groups may be designated by the oíd 
prefíx lyso e.g, lysophosphatidylethanolamine for 
compound X II b. A locant may be added to des­
ignate the site o f (hydro)lysis, 2-lyso designating 
hydrolysis at position 2, leaving a free hydroxyl 
group at this carbón atom.

Comment. The "lyso" terms originatcd from the fact 
that these compounds are hemolytic. I t  is here rcdcfined 
to indicate a límíted hydrolysis o f the phosphatidyl 
derivativc (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'plásmenle acid signifíes a de- 
rivative of sn-^ycero-3-phosphate in which 
carbon-1 bears an 0-(l-alkenyl) residue, and 
position 2 is esterifíed with a fatty acid (X III) .
This term can also be used to ñame derivatives, 
e.g. plasmenylethanolamine.

Comments
i) The use o f "phosphatidyl" as a ñame for thc acyl 
radical o f phosphatidic acid has facilltated thc nomen­
clature o f its various compounds (see Lip-2.4). Therefore, 
it scems logical to offcr a similar short term for X lí l, 
i.e., "plasmenic acid,”  as an altemative to thc more sys- 
temalic ñame, 2-acyl-l-alkenyl-s/j-glyceroi 3-phosphate, 
which, o f course, may be used if  desircd. “ Plasmenic"
is a contraction o f "plasmalogenic", and may be especial- 
[y 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 o f the corresponding 
glycerophosphate, using stereospecifíc numbering.

CHfi-CH-^CHR

C H f i- P O f i j

xin

A plasmenic acid

C H fi-C H ^C H P

Hfi}P~O^C-~H

Cf^-COP'

X IV

3-Acyl-I-(l-alkcnyl>- 
m-glyccTol 2-phosphatc

o
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¿ ^ 2 .9 . The term lysoplasmenic acid may be 
used for a derivative o f $R>gÍycero-3*phosphate 
that has an 0 *( 1 -alkenyl) residue on carbón-1, the 
hydroxyl group in pcsition 2 being unsubstituted 
(X V  a). This ñame may also be used in combina- 
tíons llke “lysoplasnenylethanolamine" (X V b).

C H jO -C H -m

I
C H fO -P -Q f!'

I
QH

XV

XVa: ÍR ' = H): 
a lysoplasmenic acid 
XVb; (R' •  CH^CHjNHa) 
a lysoplasmenyiethanolamine

CHjQ~CH,~CH¡íi

a to -o ^ 'c -H

XVI

A plasmanic acid

Lip'2.10. For comp<Hinds o f type X V I, bearing a 
saturated ether group in position 1 and an acyl 
group in position 2 o f sn-glycero-3-phosphate, the 
term (dasmaníc acMl ís proposed. Compounds 
deacylated in position 2, or with a substituent on 
the phosphoric residue, can be treated as are the 
plaanenic acids (Lip*2.9).

Comment. The proposed ñames wül be e^ecially useful 
for naming phosphoric diesters (phosphodiesters). such 
as e.g. plaonanylethanolamine, instead o f 2-acyl-l-alkyl- 
rn-glyceto-3^ho^hoethanolamine. The tenns “ plas­
manic acid”  and “ plasmanyi** may also be appUed to 
etheis w ith an alkyl group bearing a double bond within 
the Chain, e.g. a 9-hexadecenyl residue (derived from

III. GLYCOLIPIDS

A. General consíderatlons

Glycolipids (a contraction o f  ̂ ycosyllipids) are 
generaüy named as ̂ y c o ^ l derivatives of the 
corresponding lipid, e.g., diacylgalactosyl^y- 
cerol, ^ucosylceramide. Because of the heteroge- 
neity o f the fatty acids and long-chain bases en- 
countered in most cases, a generic ñame for the 
lipid moiety is needed, i.e. ceramide. With higher

palmitoleic acid). In  such cases, the proper term “ al- 
kenyl", i f  used without the ene locant(s), would be 
misleading. (Sec Lip-1.17).

B. Individual compounds

L ip -2 .ll. Individual giycerophospholipids in 
which the substituents can be speciñed are named 
according to existing Rulesl^'^****!, using the in- 
fix -phospho-l^*^®! to indícate tíie phosphodiestei 
brídge.

Exámple: 2-Palmitoyl-l-stearoyl-jn-glycero-3-phosphO- 
ethanolamine for compound XVII.

C /íje -C O C rjH js

C,sflnCD-O^C-mH Q 
i I
C H ;O -P -0 -C H f-C H f-N H ¿

QH

XVII

2-Palmitoyl-l-stearoyl-sn-glycero-3-phosphoethanolkmine

Lip-2.12. The ketone derived from glycerol, 
l,3-dihydroxy-2-propanone, aiso known as dihy- 
droxyacetone, may be termed “glycérone” , if  
desired. The ñame is a contraction of “^ycero- 
ketone’\  and may be useful to emphasize the 
lelationship with ¿ycerol, glyceraldehyde (gly- 
ceral), and ^ycerate. It  also permits a simplé 
symbolism (Appendix B) and the naming of 
derived lipids, e.g., l-palmitoyl-3-phosphogly- 
cerone.

glycosphingolipids, eq>ecially the gangliosides, 
naming problems arise from the complexity of 
the carbohydrate moiety o f these compounds.
The systematic ñames o f the oligosaccharides 
linked to ceramide are so cumbersome that they are 
o f the same practica! v a lu ^ ,  e.g., the systematic 
ñame for a peptide hormone such as insulin. It  
was felt that this difficulty could be overeóme 
oniy by creatíng suitable trivial ñames for some

JUPAC-IUB Comnission on Biochemical Nomenclature Nomenclature o f  Upids 121
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parent oligosaccharídes. In constructing these 
ñames (see Table I )  the following principies were 
observed:

1. The number o f monosaccharide units in an 
oligosaccharide is indicated by the suffixes -biose, 
-triaose, -tetraose, etc. This foUows the well-es- 
tablíshed practice in the carbohydrate ñeld (cf. 
ceUobiose, ceUotetraose, maltotetraose, etc.), 
with the exception that the suffix -trióse, as used 
in maltotriose. has been changed to triaose to 
avoid confusión with the monosaccharides called 
trioses.
2. The oligosaccharídes are grouped in series ac­
cording to their structure and biogenetic reía- 
tiondiip.

3. Differenccs in linkage (e.g., 1 -»*4versus 1 -* 3) 
in otherwise idéntica] sequences are indicated by 
ISO- or neo-, used as a prefix.

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

B. Generic terms

Lip-3.L  The term ^ycoUpíd designates any com­
pound containing one or more monosaccharide 
resídues 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 ^coglycerolipid may be 
used to desígnate glycolipids containing one or 
more glycerol residues.

Lip-3.3. The term ^yco^hingolipid, as hitherto, 
includes ail compounds containing at least one 
monosaccharide and a sphingoid. The g^ycosphin- 
goiipids can be subdivided as foUows:
Neutral glycosphingolipids: 
mono^ycosyl- and oligoglycosylsphingoids; 
monoglycosyl- and oligoglycosylceramides.
Acidic giycosphin^lipids: 
sialosylglycosylsphingolipids (gangliosides); 
sulfo¿ycosylsphingolipids (formeriy “sulfatides” , 
which is not recommended) (cf. Lip-3.11).

Lip-3.4. Psychosine may be used as a generic 
ñame for l-mono^ycosyl^hingoids, although

the latter ís preferred. The nature of the monosac­
charide and the sphingoid is not specified in this 
ñame.

Lip-3.5. The term fucoUpíd may be used to des­
ignare fucose-containingneutral or acid glycolipids.

C. Ind iv id ua l com pounds*

Lip-3.6. Glycoglycerolipids may be named either 
as glycosyl compounds according to Rule Carb-24 
or as glycosides according to Rule Carb-23l^l.

Example: compound X V III may be named either 1,2- 
diacyI-3-^D-galactosyI-fn-glycerol or 1,2-diacyt-rn-gly- 
cerol 3-í-D-galactoside.

HQ

OH
xm

Comment. n ie  first form is preferred, as (he gíycosphin- 
golipids are also named this way.

Lip-3.7. A giycosphingolipid is generaüy named 
as a gjyco^lsidiingoid or a g^ycosylcenunide. 
using the appropriate trivial ñame of the mono- 
or oligosaccharide residue for “glycosyl.” It is 
understood that the sugar residue is attached to 
the C-1 hydroxyl group o f the ceramide. For 
glycosphingolipids cairying two to four saccharide 
residues, the trivial ñames Usted in Table I are 
recommended.

Comment. I t  is strongly recommended that the ñame of 
the oligosaccharide be defíned in each publication by 
means o f the standard symbols for sugars (as in Table I, 
column 1) rather than by the fuU ñame, which is often 
so long as to be confusing.

Líp-3.8. The trivial ñame cerebroside designates 
]./}.glycosylceramide (the natures of the sphingoid 
and of the fatty acid are not specified in this 
ñame).

" "Individuar* in this section refers to the 
carbohydrate moiety only.
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Lip-3.9. Glycosphingolipids canying fticose ei­
ther as a branch or at the end o f an oligohexosyl- 
ceramide are named as “ fucosyl(X)osylceramidc” 
where (.AQ stands for the root ñame of the oligosac­
charide. The location of the fucosyl residue is in- 
dlcated by a Román numeral designating the posi­
tion o f 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 wdüch the fucose is attached. 
I f  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 o f Lip-3.13):* 
lactosylceramide for Gal(pi-»4)G)cCer; 
mucotriaosylceranüde for GaI(^l-»4)GaI(0I->4)GlcCer; 
lll^-et-fucosylisoglobotriaosylceramide for 
F u c {o l-2 )-G a J (o l-3 )G a l(p l^ )G lc (íl- l)C e r

Lip-3.JO. SiaioglycosphntgoUpíds(synonym: 
gan^osádes) are glycosphingolipids canying one 
or more sialic residues. Síalíc acid is the generic 
term for A^-acetyl- or.V-glycoloylneurammic acids 
(cf. Section 3 in ref.i^l). Gangliosides are named
asfV-acetyi- (orTV-^ycoloyl-)neuraminosyl-(Ar)-
osylceramíde, where (.Af) stands for the root ñame 
o f the neutral oligosaccharide to which the 
sialosy] residue is attached (cf. Table I) . The posi­
tion o f the sialosyl residue is indicated in the same 
way as in the case o f fucolipids (see Lip-3.9), e.g.: 
iP-Af-acetylneuraminosyllactosylceramide for 
AcNeu(a2‘»3)GÉlOJl-M)Glc(^l-»> 1 )Cer.

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

Example: lactosylceramide iP-sulfate

Lip-3.12. Phc^hoglycosphingolipíds with f^os- 
phodiester structures are named according to the 
recommendation for the phospholipids (see Sec­
tion II) .

* o is omitted by convention in the abbreviated for­
mulas, but D (or L) may be inserted whcn destrabie. Hy- 
phens may replace left-to-right atrows (see Section 3.4 
o fre f.1 ‘ 31).

D. Symbols and abbreviatlons

Lip-3.13. Simple or complex glycosphingolipids 
can be represented according to existing rules, 
using the symbols Cer, Sph, AcNcu, etc. (Ap­
pendix B), together with the recommendedri^l 
symbols for the hexoses (Glc, Gal, etc.).

Examples are gjven above, and in Table I and 
Appendix C.

However, due to the complexity o f the h i^ e r  
glycosphingolipids, this often results in very long 
and cumbersome series that are not easy to 
comprehend. I t  is therefore recommended ithat 
the oligosaccharídes Usted in Table I be repre­
sented by specífic symbols in which the niunber 
o f monosaccharide units (-oses) is indicated by 
Ose„, preceded by twoletters representing the 
trivid ñame o f the oligosaccharide (column 3).
For a short form, which may be required in the 
case o f 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 mucottiaosylceramide, 
Gal(pl-4)Gal(íl-4)G Ic(l-l)Ccr;
(i¡) II^AcNeu-GgOse4Cerfor II®-^-acetylneuraininosyl- 
gangliotetraosylceiamide. C ^ l-»3G a lN A c^l-^G a l- 
-(3*T2útNeuAc^l-^GIcdl-»lCer (see Lip-3.14 for this 
mode of represenüng a btanched chain).

Abbreviatlons for the more importan! gangliosides 
are gíven in Appendix C.

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

Examples:
(i) Neu(3ca2-3Galpl-3GalNAc^l-^al(3<^2aNeuGc)- 
- í l^ G lc f ll- lC e r ;
(¡i) NcuAc<»2-*3Galíl-»3GalNAcíl-»4Gal(3*-2aNcuAc- 
8*-2aNeuAc)pi-^ lc(Jl-» lCer;
( iii) GalNAcal-*3Cal(2«-laFuc)pl-*4ClcNAc(3—laFuc)- 
-<Jl-3Gal/Jl-*4Glc01-lCer a  Iu3lv2-<»,a-Difucosyl- 
-lV^-a-2-acetamido-2-deoxygalactosylneolactotetraosy]-
ceramide s  n i^ lV ^(Fuco)2 ,IV^GalNAca-nLcOse4Cer.

lU F A C -IU B  Commission on Biochmical Nomerulature Nomcaclatnre o f lipids 125



3 1

IV, NEURAMINIC ACID

Lip'4.1. The compound 5-amino*3,5-dideoxy-D- 
f/>'cer¿>D-^/aclononulosonic acid is neuraminic 
acid (X IX ), with the symbol Neul^'l.

Lip'4.2. The term “sialic acid” sígnifies the 
A^-acylneuraminic acids and their esters and other 
derivatives of the alcoholic hydroxyl gioups.

Lip^.3. The radicáis resulting from the rcmoval 
of a hydroxyl group of neuraminic acid or sialic 
acid are desi^ated as neuraminoyl or sialoyl, 
respectively, if  the hydroxyl is removed from the 
carboxyl group, and as neuraminosy] and sialosyl, 
respectively, if the hydroxyl group is removed 
from the anomeric carbón atom of the cyclic 
structure.

m

mCH}

n m
I

.

 OCHej
l

HC6H
\

HCOH 

19) CHjOH

HCOH

OH

XIX

N euram in ic acid
S -A m ino-J.S -d ideoxy-D -í/yce/o-D -gatflc/O 'nonulopyrano- 
sonic acid — ^ —

(a) (b)

X
' á

s
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Table I, Ñames and abbreviations o f simple glycolipids and o f their oligosaccharídes.

Glycolipid structure^ Oligosaccharide

Trivial name^ Symbol^
Short
symbol^

Gal(«l-4)Gal(fll-4)GlcCer Globo triaose GbOsc3 G b j
GalNAc(dl-3)Ga!(c«l-4)Gal(dl-4)GlcCcr Globotetxaose Gb0 s64 Gb4

Gal(al-3)Gal(dl-4)GlcCer Isoglobo triaose iGbOsc3 iCb3
GalNAc(0l-3)Gal(oi-3)Gal(dl-4)GlcCer Isoglobotetraose iGb0sc4 iGb4

Gal(01-4)Gal(dl-4)GlcCer Mucotriaose McOse3 Mc3
Gal(dl-3)Gal(íl-4)Gal(íl-4)GlcCer Mucotetraose McO$64 MC4

GlcNAc(í}l-3)Gal(dl-4)GlcCer Lactotriaose LcOsc3 LC3
Cal(Pl-3)GlcNAc(pl-3)Gal(ffl-4)GlcCer Lactotetraose LcOse4 LC4
GaI(0l-4)GIcNAc(íl-3)GaI(dI-4)GlcCer Neoiactotetraose nLcOse4 nLc

GalNAc(íl-4)Gal(íl-4)GlcCer Gangliotriaose GgOsej Cg3
GalOJl*3)GalNAc(íl-4)GaI(íl-4)GlcCer Gangliotetraose Gg0sc4 Gg4

Gal(ofl-4)GalCer Galabíose GaOsc} Gaj
Gal(l-4)GaKoM)GalCer Galatriaose GaOsej Ga3

GalNAc(I-3)Gal(M)Gal(«M)GalCer N-Acetylgalactosaminylgalatriaose GalNAcl-3GaOse3 -

® Symbols and a irang^en t are discussed in Lip-3.13. Hyphens replace Icft-to-rieht arrows 
(see Section 3.4 o f le f.n ^ l) .
® Ñame o f d y c o l^ id  is formed by converting ending -ose to -osyl, foUowed by -ceramide, without ^acc; e.g., 
globotriaosylceramide.
c Should be foUowed by Cer for the glycolipid, without space; e.g., McOsc3Cer, Mc4Cer (see Lip-3.13).
°  The short form should be used only in situations o f limited space or in case o f frequent repetition.
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A P P E N D IX  A.

Ñames o f and symbols for highci fatty acids.
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Numerical Structure Stems o f "Ñame"
symbol H3C-IR1-C02H Systematic ñames® 7>ivlal names^ Symbol

1. 10:0 -(CHílg- Decano- Capr-® Dec
2. 12:0 •(CHjJio- Dodecano- Laur- Lau
3. 14:0 • íC H jh r Tctradccano- Myrist- Myr
4. 16:0 *ÍCH2)i 4* Hcxadccano- Palmit- Pam
5. 16:1 -lCH2l5CH=CHíCH2lr 9-H exadeceno- Palmitole- ^Pam

t 18:0 •IC H jIig - Octadecano- Stear- Ste
7. 18:1(9) -ICH2l7CH=CH(CH2l7- cis-9-Octadeceno- Qle- Ole
8. 18:1(11) -lCH2l5CH=CH[CH2l9- 11-Octadeccno- Vacccn- Vac
9, 18:2(9,12) ■lCH2l3lCH2CH=CHl2lCH2lr cís,cís-9,12-Octadecadieno- Linole- Lin

10. 18:3(9,12,15) HCH2CH-CHl3|CH2h- 9,12,15-Octadecatr teno- (9,I2.15)-Linolen- aLnn
11. 18:3(6.9,12) •(CH2l3lCH2CH=CHl3lCH2l4* 6,9,12-Octadeca tiieno- (6,9,12)-Lmolen- vLnn
12. 18:3(9.11,13) -{CH2)3(CH=CHl3[CH2lr 9,11.13-Octadccatrieno- Eleostear- eSte
13. 20:0 -ICHzhs- Icosano-*^ Arachid- Ach
14. 20:2(8,11) •(CH2l6lCH2CH<H}2lCH2]6- 8,ll-Icosadieno-‘* A2Ach
15. 20:3(5,8,11) -lCH2]6[CH2CH<Hl3|CH2l3- S.S.ll-Icosatrieno-** A3Ach
16. 20:4(5,8,11,14) -[CH2h{CH2CH=CHl4lCH2l3- 5,8,11.14-lco'satetracno-‘* Arachidon- A4Ach
17. 22:0 -íCH2l20' Docosano- Behen- Beh
18. 24:0 -[CH2 I22- Tetracosano- Lignocer- L ‘g
19. 24:1 •lCH2l7CH=CH[CH2li3- c/s-15-Tetracoscno- Nervon- Ncr
20. 26:0 •(CH2l24- Hexacosano- Cerot- Crt
21. 28:0 ■|CH2l26' Octacosano- Montan- Mon

® Ending in -ic acid, -ate, -y], for acid, sait oí ester, acyl radical, respectively. 
b Ending in -ic acid, -ate, -oyl for acid, salt or ester, or acyl radical, respectively.

Not recommended because o f confusión with caproic(hexanoic) and caprylic(octanoic)acids. Decanoicis preferred. 
^  Formeriy “ eicosa-" (changed by IUPAC Commission on Nomenclature o f Organic Chemistry. 1975.)
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APPENDIX B.

Symbols recommended for various constituents o f lipids.
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Ñame Symbol^

For alkyl radicáis^
Methyl, E th y l,. . .  Dodecyl

R
Me, Et, Pr, Bu, Pe, Hx, Hp, Oc, 
Nn, Dec, Und, Dod

¡ For aliphatic carboxylic acids^
Formyl, Acetyl, Glycoloyl, Propionyl,
Butyryl, Valeryl,

 ̂ Hcxanoyl, Heptanoyl.OctanoyL 
Nonanoyl, Dccanoyl, Undecanoyl,
Lauroyl, Myristoyl, Palmitoyl,
Stcaroyl, Elcostcaroyí, Linoleoyl, Arachidonoyl

acyl (not abbrcviated), ROO- 
Fo (or HGO), Ac, Gc, Pp, 
Bt, VI,
Hxo, Hpo, Oco,
Nno, Dco, Udo,
Lau, Myr, Pam,
Ste, eSte, Lin, A4Ach

For glycerol and its oxidation products*^
Glycerol, Glyceraldehyde, Glycerone, Glyceric acid Gro, Gra, Grn, Gri

For “ glycosyl”
Glucose, Galactose, Fucose,. . .
Gluconic acid. Glucuronic acid 
Glucosamine\ N-Acctylglucosamine 
Neuraminic, Sialic, Muramic acids 
yV-Acetylneuramiruc acid, A-Glycoioylneuraminic acid 
Dcoxy

Ose
Glc'*, Gal, Fue,. . .
GlcA,GlcV)«
GlcN, ClcNAc 
Neu, Sia, Mur
NeuAc or AcNeu®, NeuGc or GcNeu 
d

Misccllancous
Ceramide, Choline, Ethanolamine,
Inositol, Serine,
Phosphatidyl, Sphingosine, Sphingoid, Phosphoric residue.

Cer, Cho, Etn**, 
Ins, Ser,
Ptd, Sph, Spd,F

® These symbols are constructed inanaíogy to  thosealready in use for amino acids and saccharidesD they 
may assist the abbrcviated representation o f more complex lipids in a way similar to the peptides and polysaccharides. 
Prefixcs such as iso, lert, cyclo are specified in the symbols by lower-case superscripts (Pr>, Bu', Hx®) or lower-case 
prefixes (iPr, iBu, cHx), unsaturation by e.g., for a 3,4 double bond, a3 for a 3,4 triple bond (cf. Proteins, Vol 1 
pp. 96 • 108, in Handbook o f  Biochemistry, 3rd edition, G. Pasman, ed., CRC Press. Cleveland, Ohio, 1976). Many 
o f these syrnbols are drawn from previously published recommendations (re fs .l* '• '^ l) . Sec also Appendix A. 
b Systematic and recommended trivial ñames o f unbranched, acyclic compoundsonly <cf. Appendix A). Other 
forms are created by prefixes (e.g., iso, tert, cyclo). See also Appendix A.
 ̂ These symbols form a self-consistent series for a group o f closely relatcd compounds. It is recognized that other 

abbreviations (but no symbols) are cunently in use. (See Lip-2.12.).
“  Not Glu (glutamic acid) or G (honspecific).
* Recorhmended in place o f GlcUA, the “ A "  being unnecessary.
'  Approved trivial ñame for 2-amino*2-deoxyglucose; similarly for galactose (CalNAc), etc.
8 AcNeu was recommended earlier (ref.I'  *)).' When it is necessary to differentiate between Macetyl and (7-acetyl 
derivatives, NeuA^Ac and NeuOAc (italicized locants, in contradistinction to GalNAc, etc.) may be employed. 
b May take the form OEtN< i f  substitution on the nitrogen atom is to be indicated.
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APPENDIX C.
Abbreviated representation o f gangliosides.

Designafion according lo

Lipid document^ Wiegandt b Svennerholm ̂

1, I^NeuAc-GalCer Gcai 1 NeuAc -

’ 2. lI^NeuAc-LacCer GLac I NeuAc Gm 3
• 3. lI^NcuGc-LacCer Glsc 1 NeuNGl

4. ll^(NeuAc)2*LacCer Glbc 2NcuAc Gd 3
5, 11 ̂ NeuAc/NeuGc'LacCer Glbc 2 NeuAc/NeuNgl -

1 6.
7.

n^NeuGc-LacCcr Gu c  2N cuNG1 -
Il^NeuAc-GgOsejCer G c tri 1 NcuAc Gm 2

8. ll^NeuAoGg0.se4Cer Gctet * NeuAc Gm i
9. lV^NeuAc*nLcOsc4Cer GLntefl^NeuAc Gm i -gicnac

10. IvbNeuAc-nLc0se4Cer G^ntet Ib  NeuAc -

11. IV^Fuc,II^NcuAc-GgOse4Cer G cfpt 1 NcuA c -

12. IV^NeuAc-nLc0sc4Cer - -
13. lI^(NeuAc)2*GgOse4Cer G ^tet 2b NeuAc G o ib
14. Iv3NeuAc.!I^NeuAc-GgOsc4Cer Gctet 2a NcuAc G oia
15. II^(NeuAc)3*GgOse4Cer Gctet 3b NeuAc
16. IV^NeuAc,Il^(NcuAc)2-GgOse4Ccr G ctet 3a NeuAc -
17. IV^NeuAc,I1^(NeuAc)3-GgOse4Cer G ctet 4b NcuAc • -
18. lV^(NeuAc)2,II^(NeuAc)3-GgOse4Cer G ctet 5 NeuAc -

19. IV^NeuAc.II^NcuAc-GgOsesCer G cpt 2a NeuAc '

® To indícate linkage points and anomeric form; Fue should be written («-laFuc); NeuAc should be written 
(*-2o(NcuAc); (NcuAcjj should be written (*-2aNcuAc8)2; etc. I f  these fcatures are assumed or dcfincd, the short 
form used in this column is more convenient for use in texts and tables.
b The subscripts to  G (for ganglioside), from 7 on, have the meaníngs; G tri = gangliotriosc, Gtet = gangliotetraose, 
Litet = lactoisotetraose, Opt » gangliopentaose (= GalNAc(^l-*4)Gal(^l-*3)GalNAc(di-»4)Gal031-*4)GlcCer|,
G fp t *  gangliofucopentaoset^4],

G = ganglioside, M -  rnonosialo, D -  disialo, T °  trisiak). Arabio numeráis indicare sequcnce o f migration in thin-
layer chromatogramsl'5],

o
(O
V
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Dietary Fat and Health: The Evidence and 
the Politics of Prevention
Careful Use of Dietary Fats Can Improve Life 
and Prevent Disease

W ILLIAM E.M. LANDS

A b s t r a c t :  E v ery  year, m o re  young  peo p ie  s ta r t  th e  slow  p rog ressive  ¡n ju ry  
th a t  even tua liy  becom es c a rd io v a sc u la r  d isease  a n d  d e a th . I t  cou ld  be p re- 
v en ted  w ith  n u tr i t io n  ed u c a tio n , b u t  m ed ical e ffo rts  focus m o re  on  tre a t-  
m en ts  fo r o ld e r  peop le  th a n  on p rev en tin g  p r ím a ry  causes o f  d isease  in 
young people . Two avo idah le  r isk s  a re  p rev e n ted  by  s im ple  d ie ta ry  in te rv en - 
tíons: (1) E a t  m o re  om ega-3  a n d  less om ega-6  fa ts , so tlssues have  less in ­
tense  n -6  e icosano id  ac tio n , a n d  (2) e a t  less food  p e r  m eal to  low er v a scu la r  
p o s tp ra n d ia l o x id a n t s tress. A n em p irica l d ie t- tis su e  re la tio n sh ip  w as devel- 
o p ed  a n d  p u t  in to  a n  In te rac tive  p e rso n a lized  so ftw are  p ro g ra m  to a id  In- 
fo rm ed  food chotees.

K e y w o r d s :  essen tia l fa tty  ac id s ; om ega-3 ; om ega-6 ; p o ly u n sa tu ra te d  f a t ­
ty  ac id s  (PU FA s); h igh ly  u n s a tu ra te d  fa t ty  a c id s  (H U FA s); e ico san o id s; 
th ro m b o s ís ;  in fla m m atio n ; a th e ro sc le ro s is ; p re n y la te d  p ro te in s ; p la te le t 
a c tiv a tin g  fa c to r  (PA F); ox id ized  L D L

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  continué 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 leam. One site, for education about 
essential fatty acids*̂  has many details to help people understand the effects 
of nutritionally essential fatty acids. The othe^ has been hosted by the Of­
fice of Dietary 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.

"h t tp : / /e fa ed u c a t io n .n ih .g o y /
* h t ip : / /o d s .o d .n ih .g o v /e ico san o id s /
A d d re ss  fo r  co r re sp o n d e n ce :  W il l ia m  E .M . L an d s ,  P h .D .,  6 1 0 0  W e s tc h es te r  Park  O rive,  A p t 

1219, C o l lcg e  P a rk  M D  2 0 7 4 0  U S A . V oice/fax: 3 0 1 -3 4 5 -4 0 6 1 .  
w e m ia n d s@ a l l .n e i

A nn . N .Y . A cad. Sci. 1 0 5 5 :1 7 9 -1 9 2  (2005). ©  2005 N ew  Y o rk  A cadem y o f Sciences, 
doi: in .ll9 6 /a n n a !s .l3 2 3 .0 2 8
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The death rate from heart attacks in the United States is among some of the 
worst in the world;'  ̂F ig u r e  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 invulnerable, 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.

F ig u r e  l,presented in 1993,  ̂has results addedfrom the PDAY (Patholog- 
ical Determinants of Atherosclerosis in Youth) study, '̂  ̂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^"  ̂show that effective primary prevention of 
atherosclerosis needs to begin with adolescents. F ig u r e  1 suggests that by the 
time American men are 55 years oíd, most already have inflammatory

Infiammatory atherogenesis Age-Specific Ischemic Heart Death Rates

P rim ary  prevention  
needs to begin before 
adolescence!

Pathobiologica! Determinants 
of Atherosclerosis in 

Youth (PDAY)

15-19vr 30-34vr
coronary
aorta

1 0 %

20%
30%
40%

5 .0%

4.0%

3.0%

2.0%

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

1.0%

/ l9 8 5

/Japan

FIGURE 1. Inflammatory atherosclerosis begins developing befóte adolescence. 
(Presented in 1993;* results added from the PDAY study.^^
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plaques in their arteries. Intervention then is really secondary prevention.'^ 
The effective new technique of electrón 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 treaíment-oriented groups who aren’t interested in 
educating people about specific dietary interventions that prevent causes of 
risk. One avoidahle 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 (Fio. 3). A second avoidahle 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 is just a happenstance of food marketing.'^ 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.'^’

F ig u r e  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.'^-'^ 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 disease 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,'^ and their CHD mortahty 
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 pattem 
and mortality rate.'^ Further north in Quebec, Inuits have a lower average n-6
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http;//efaeducation, nih.gov
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FIGURE 2. Coronary heart disease mortality is proportional to n-6 HÜFA in plasma 
HUFA. Available at <http://efaeducaiion.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 FUFA (18:2n-6) and alpha-linolenic is the n-3 FUFA (l8:3n-3). When we 
eat 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, I 
worked on lipid metabolism^^ and was highly cited on that topic. In 1964, 
when researchers in Stockholm reported that the n-6 HUFA, arachidonic

‘'hitp://efaeducation.nih.gov/sig/ovcrviews.html
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acid, was converted to the potent hormone, prostaglandin,^^ I hypothesized 
that HUFA for these hormones comes from 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 fírst 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 generales a signal, 
which is usually a transient, reversible event that retums to basal State.

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 actívate ribonucleotide reduc­
íase, and the free radical is essential to make deoxyribonucleotides for new 
DNA. The eicosanoids, and the peroxide tone that regúlales them, are usually 
under tight control.

For 15 years I  studied aspirin-like non-steroidal anti-inflammatory drugs 
(NSAIDs),^^’ "̂̂  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 
“angeis” but in excessive amounts they tum 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.^ The distance-leaming 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 
calones or less, but a day’s menú 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^^’ has been portrayed in a misleading fashion for 25 years. Al-

'^hup : / /e faeduca t ion .n ih .g o v /s ig /b cg in n e rs .h tm l
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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 F i g u r e  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 plaques in the arteries. All ihfee of these 
processes are exacerbated by n-6 eicosanoids ( F i g u r e  3). The release of in­
flammatory cytokines and cell proliferation are enhanced by omega-b 
eicosanoids formed from dietary fats.

Inflammatory vascular wall plaques cause ischemia and stimulate throm­
bosis. Thrombosis is driven by thromboxane, one of the maior eicosanoids 
discovered 29 years ago."̂ ° Thromboxane causes platelets to clump, causes 
calcium movement, and causes thrombosis. The omega-6 derivative (TX^2 ) 
has the same effect; the omega 3 (TX^3 ) 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 
F ig u r e  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 govemments 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 scomed 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 is to in- 
form people properly, and their responsibility is to leam what we are trying 
to teach. The two dietary interventions that people need to leam are shown in 
the upper left-hand comer of F ig u r e  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 F ig u r e  3 and upward in F ig u r e  1.

Low-density lipoprotein (LDL) and its phospholipids have some effect on 
events in F ig u r e  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 
measuríng calcium accumulation. We need to leam 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. I f  you eat a lot of n-6 fat, it displaces n-3 HUFAs 
and enhances n-6 eicosanoid formation (F tg. 3). I f  you eat a lot of n-3 fat, it 
displaces n-6 HUFAs. The enzymes are promiscuous and don’t discrimínate 
much between n-3 and n-6 HUFAs, which means that what you eat can 
change your body tissue.

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.^^ 
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.'^’^̂
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Sadly, I don’t think many people read those papers, and I don’l think any­
one used the equation.® I  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 calcúlate the likely outcome.^ F ig u r e  4  shows that the equa- 
tion predicts outcome with a correlation coeíficient greater than 0.95. Dieti- 
tians carefully monitored the food that people ate, and that Information 
inserted into the equation predicted valúes of the percentage of n-6 HUFAs 
in the total HUFA valué. 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- 
resenled in the upper right hand in f ig u r e  4 were 35-year-old Chicago 
women. The diamonds represent a group of 45-year-old dietitians in thé cities 
of Japan, and the squares show 55-year-old rural Japanese men. They are all 
healthy people eating what they choose. The mean valué for all people in ei-

ShupiZ /efaeducalion .n ih .g o v /s ig /h u fa ca lc .h tm l 
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ther F ig u r e  4 or F ig u r e  1 would not reveal much about any individual valué 
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.

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 leaming site,/ The outcome depends on four kinds 
of dietary essential fatty acid: the 18 carbón 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 F ig u r e  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 
ováis. 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.^^ 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 15 to 91% 
n-6 HUFA. From F ig u r e  2, people can choose their comfort level: what 
HUFA valué they would like to have, and what heart attack risk they would 
accept. Many people don’t want to choose; they wanl to be told the optimum 
valué. F ig u r e  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 toid which 
foods are best to eat. Although the distance-leaming sites provide a great deal 
of background inforraation, 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 
valué that most sedentary Americans exceed).^  ̂ 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 concemed 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.

I f  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
icáis (and also make cholesterol) and the endothelial cells would respond 
with oxidant stress due to that postprandial bolus. I f  people ate smaller meáis, 
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 HUFAs in the tissues. To 
take in less energy per meal, people should eat several small meáis 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 disability^^ worldwide for 2020 
(ischemic heart disease and unipolar major depression), and three top causes

*^hitp://cfaeducalion,nih.gov/sig/kim .htm l
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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 flve 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 HUFAs into daily d ie t s . 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
visión members of the American Oil Chemists’ Society: to eat more fish and 
take an omega-3 supplement.^  ̂ Also, their most frequent advice to other 
people was to eat more seafood and fish.

In this volume, Dr. Richard Cutler^^ has given us a philosophical view of 
these issues. We tend to siraplify 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. F ig u r e  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 primary prevention and 
better nutrition education for the public.

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 carbón 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 nilric oxide and enhance inflammation. They 
come about because HMG-CoA reducíase 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 arrhythmia, is one of the trag- 
edies of biomedical science.^ ’̂̂ ^

The discussion in F ig u r e  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
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(and it has phospholipids), but it has enzymes that neutralize infíamihatory 
oxidized phospholipid PAF mimics and PAF.^  ̂ So HDL is beneficia! 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
petuales the slow Progressive injury that leads to cardiovascular disease and 
death.
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