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E: S. D.

Re: PIL.-ASHA NUTRITION SCIENCES, INC.-Solicitud de Patente de Invencion en
Fase Nacional PCT jara "FORMULACIONES NUTRITIVAS OPTIMIZADAS,
METODOS PARA LA SELECCION DE DIETAS ADAPTADAS A PARTIR DE

LAS MISMAS, Y METODOS PARA UTILIZAR LAS MISMAS'.-Clase A23L
_“———‘—-——_—_.__...__—,_—_—___—___
1/29.-Expediente nimero 13-103.374 .-

Yo, ALICIA LLOREDA RICAURTE, mayor, vecina de esta ciudad, identificada con la
cédula de ciudadania nimero 39.690.713 de Usaquen, Representante Legal en Bogotd para
todos los asuntos relacionados con la Propiedad Industrial de la sociedad ASHA
NUTRITION SCIENCES, INC., organizada y existente de conformidad con las leyes del
estado de California, Estados Unidos y domiciliada en Palo Alto, Estado de California,

Estados Unidos de América, atentamente manifiesto a usted que interpongo RECURSO DE

REPOSICION contra la Resolucidn NUmero 79599 dictada por el sefior Superintendente de
Industria y Comercio el 30 de Septiembre de 2015 y notificada por fijacidon en lista el € de
Octubre de 2015, por medio de la cual se niega el privilegio de patente solicitado para la

invencion contenida en el expediente de la referencia.

I FUNDAMENTOS DE DERECHO

Come fundamento de mi recurso, me permito manifestar ante ese Despacho que el
contenido de la Resolucidon Numero 79599 evidencia que durante el examen técrico
realizado ¢ la solicitud denegada se realizé una evaluacion incorrecta del objeto de la
invencion alli reclamada, sin cons derar su real alcance e importancia. En este sentido, no se
considero el verdadero y valioso aporte técnico que representa para el arte en cuestiér el
programa ce manejo nutricional para un individuo que incluye una formulacién nutritiva que

comprende una fuente de fitoquimicos, de &cidos grasos oemga-6 y de antioxidantes
revelado er la solicitud denegada.
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Es asi que, a pesar de los argumentos prodorcionados por 2| solicitante en respues:3
al Concepto Técnico correspondiznte al Oficioc No. 15196, emitido por ese Jespacho 2l 4 da
Diciembre de 2015, en la Rasolucion impugnaca este Despacho traslada y martienz las
objeciones f-ente a la cleridad, uniced de invencién y rovedad de la sclicituz,
argumentando basicamente quz:

"(...) no se acepta el nuevo capitulz reivindicatorio presentads (radicado bajo e No®
13-103274-00011-0000 =! 16 de Abri de 2015), ccmoquiera no st ajuste a las
prescripciones contenidas en el articuvlo 34 de la Decisi¢n 486, detidc Gue la definicién
de la invencion como “un sistema de manejo nutricional para individuo” implice una

ampliacén de la proteczizin correspondiznte a la divulgacion contenide en Iz solcitud
inicial”,

En este sentido, el s2fior Examinador reconoce que:

“(...) la solicitante media~te escrito radicaco bajo 2/ No® 13-103274-3C011-0000 el 16
de Abril de 2015 respondié oportunamente el r2querimiento formulaac y preserta
nuevas reivindicaciones 1 a 29 gque reemplazan f{as originelmante presertada,

atendiendo de esta manera las observaZiones efeciuadas en el examen de fondc”
Sin embargo, ese Despacho no acepta tales modificaciones v declera que

"(...) se tendra en cuenta el capitulo reivindicatorio presentadc con e' racizaco No. 13-
103374-00007-0000".

Entonces, es claro que el sefor Examinadcr no tiene en cuenta |05 argumenzos

presentados en la respues:za al Conceptco Técnizo ce Oficio No. 15196 y -eitera que:

“las ca-acteristicas esenciales de la formuiacion ce la reivindicacidon 1 v 2 habian sido
divulgadas previamente en los documentos D1 a D5, por lo 'ants, la materia

reivinc’cada no es nueva”.
Aunado a lo anterior, el sefior Examinador asegura que:

“(...) la fuente del dccumento D5 corresponde a una publicacicn d= 'a Fundezion del
Consejo Internacional ce Informacior (..) publicado e! dia 5 de jurio de z009. El
documento D5 corrasponde a la treduccion a idioma esgariol del dozumentc publicado
con anterioridad a |a fecha de presentacion de la solicitud de la cval se invzca
prioricdad, de manera que constituye una anterioridad valida, y cue afecta la noveaad
del objeto de la reivir.cicazion 2.
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Frente a las arteriores consideraciones, a continuacién me permito brindar
argumentos técnicos para no sélo demostrar ante ese Despacho que el nuevo capitulo
reivindicatorio que se p-esenta junto con el presente recurso cumple a cabal dad con os
requisitos de claridad, novedad y nivel inventivo exigidos por los articulos 16, 18 y 30 de la
Decision 486 de 2000, sino ademas para establecer que su alcance no representa ninguna
armpliacion a la materia originalmente presentada y tiene pleno sustento en la descripcidn

de la solicitud.

1. CAPITULO REIVINDICATORIO DE LA SOLICITUD DENEGADA.

1.1. Modificaciones al Capitulo Reivindicatorio.

Inicialmente y en razén de defender Ia patentabilidad de la presente solicitud
denegada, me permito manifestar que el solicitante ha decidido modificar el capitulo
reivindicatorio de la invencion actualmente presentada, con el fin de darle mayor clar dad al
objeto reclamado y demostrar que su alcance no representa en ningin momento una

am pliacion de la materia originalmente presentada.

Frente a lo anterior, me permito resaltar que el nuevo capitulo reivindicado presentaco

jurto con este memorial encuentra pleno sustento en la descripcion de la solicizud v en =l

capitulo reivindicatorio actualmente aceptado por ese Despacho (Radicado No. 13-10337<-

00007-0000), como se expone a continuacion:

‘ Nueva Soporte (con base en el documento de ]
' Reivindicacion No. Publicacién Internacional WO 2012/051591)
L 1 Parrafos 13, 15, 25, 164 y 151. o
| 2 Parrafos 13, 26, 153, 151, 161, 164 y 165,
| 3 Tabla 1, Parrafos 25, 27, 59 y 75.
I 4 o Tabla 1, Parrafo 150, |
!ir 5 Parrafos 21, 129 y 130, vy reivindicacién 19
| actualmente presentada.
i_ 6 Parrafos 10y 11. T
| 7 Pérrafos 11, 20, 36, 70, 120, 125, 126, 142 y 176,
8 Reivindicacién 8 actualmente presentada y Parrafos
| 9,12, 122, 129, 130,139y 171.
B 9 Parrafos 128 vy 142,
10 Parrafos 153, 161 y 165.
L 11 - Parrafos 154, 156, 160 a 162, 164 y 165,
12 . ?érrafos 150 a 152 ylfGBh._——_—r.
_____13__ Parrafos 9, 13, 15, 16, 21, 25, 164 y 151. |
L 14 . Tabla 1y P.érrafos 27, -25, 55_\/_75———‘

15 e Tabla 1 y Parrafo 150, |

(8]
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16 Pa-rafcs 20, 70 y 71.
17 Parrafo 150.
18 Parrefos 129 y 130 y -eivindicacion 19 actualmente
presentada.
19 Farrafos 10 y 11.
Parra“os 11, 36, 12C, 125, 126, 131, 142, 176 y
20 !
180.
2, Parzfos 9, 12, 38. 122, 129, 130, 139y 171.
22 Parrafos 128 y 142
23 Farrafos 153, 161 y 165.
24 Pa-rafos 154, 156, 160 a 162, 264 y 155.
25 Parrefos 150 a 152 y 163.
26 Reiv nd cacion 28 actualmente presentada y Pa-ra‘o
27 Reivindicaci¢n 23 actualmente presentada.

En concordancia con lo anteror, me permito aclarar ademas que el o-den de
enLreracion y dependencia de las nusvas reivindicaziones se ha reajustado de ccnformidad

cor las modificacior2s previamerte descritac.

De esta forma, el mencionado capitulo reivindicatorio modificaco queda
constituido por 27 reivindicaciones, las cualas no constituyen de ningura manzra una
ampliacion al alcance de la solicitud original y cuentan con plero sustento en las enseianzas
de |z descripcién. A su vez, me permizo sefialar que dichas modificacicnes cumplen con el
propdsito de precsar el alcance de la materia reclamada y asi permitir una mayor
diferenciacién de la invencion de la <o icitud denegada con el estado del arte prev o. Por lo
tanto, me permito reiterar que dicho zapitulo cumgle a cabalidad con las disposicicres de
patentabilidad establecidas en el ArzicLlo 34 de la Cecicion 486 de 2000

1.2. Alcance del Nuevo Capitulo Reivindicatorio.

a) En la Rasolucién aqui impugnada, el sefior Examinador menciona que “(...) el
capitulo reivindicatorio modificado pssentzco median’e el Radicado N® 13-103374-00011-
0009 el 16/abril/2C15, no encuentra sJstento en la descripcion. En particular, el "s'stema de
manejo nutricional para un individus” no se encuentra sustentadc en la deszripcidn del
documento de Publicacién Internacioral o de la respectiva solicitud en idioma espafol, en
los pérrafos a los gue la solicitante hace mencion, r.i en la totalidad des capitulo descriptivo.
En este sentido, er virtud del articuko 34 de la Dec’sion 486, no es posiblz aceprar €l nuevo

cegitulo reivindicatorio (...)” (Resaltado fuera del texto).
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Frent= a tal declaracion, me permito sefalar que la materia de las nuevas
reivindicaciones independientes 1 y 2 (y por /o tanto, la de las correspondientes

reivindicac.ones dependjentes) se define ahora como "un programa nutricional para un

individuo cue incluye al menos una formulacion nutricional” (Resaltado fuera del texto), lo
cual corresponde a previos maodificaciones y encuentra pleno soporte en los parrafos
mencionacos, especialmente, en las lineas 20 a 29 de la pagina 7 de la memoria descriptiva

(Parrafo 13 del documento de publicacion internacional WO 2012/051591).

Dicho parrafo revela exolicitamente "uno o mas (por ejemplo, de 2 a 10)

formulacicnes nutritivas que co'ectivamente constituyen un _programda _nutricional parée un

individuo “...) Al menos una formulacion contiene uno o mas de los fitoquimicos tales como
fitosterol o polifenoles, los ejemplos no limitantes de los mismos incluye, curcuming,

cumarinas y acido rosemarinico {...)"” (Resaltado fuera del texto).

De lo anterior, es claro que la descripcién si revela un programa nutricional (el cual, a
la luz de la descripcion, es sinanimo de un sistema de manejo nutricional, como se habia
reivindicado) constituido por tna o mas formulaciones nutricionales para un indiv duo.
Entonces, la definicion del objeto reclamado en el nuevo capitulo reivindicatorio, como
"programa nutricional”, encuentra explicito y pleno sustento en la memoria descriptiva de la
solicitud denegada y en ningun momento implica una ampliacion de la proteccién

correspondiente a la divulgacion contenida en la solicitud inicial.

Aunado a lo anterior, me permito presentar como soporte adicional las declaraciones
de los dcctores Undurti N. Das y Kent L. Erickson, quienes dan su opinion cientifica en favor
de la claridad del objeto reivindicado y en su debido soporte por la descripcion de la
solicitud En este sentido, los Drs. Erickson y Das declaran en el parrafo [005] ce las

declarac ones que:

"El objeto de las reivindicaciones 1, 2, y 13 (y reivindicaciones dependientes) es
claramente, sin ambigledades, y directamente obtenido a partir de la especificacion.
Por ejemplo, el parrafo 13 recita de manera explicita, "uno o maés (por ejemplo, del 2
al 10) formulaciones rutricionales que colectivamente constituyen un programs
nutricional para un indviduo". A la luz de la descripcion, "programa nutriciona:”
significa una o mas formulaciones nutricionales (véanse los parrafos 11, 13, 15y 38,
pcr ejemplo). Ademas, a la luz de la descripcién "sistema de manejo nutricional " es
sinénimo de "programa nutricional” (véanse los parrafos 5, 15, 17 y 20, por ejemplo).
El resto de los elementos en las reivindicaciones 1, 2 y 13 estan claramente, sin

ambigledades, y directamente obtenidos de los parrafos 9, 21, 25, 26, 151, 153, 161,
164 y 165, por ejemplo”.
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De esta manera, me permito manifestar que el nuevo capitulo reivindicatorio
cumple con las prescripciones contenidas en el Articulo 34 de la Dacisién Andina

486 de 2000, superandc asi la objecidn del sefior Examinacor a éste raspecto.

1.3. Claridad del Nuevo Capitulo Reivindicatorio.

b)  Anora bien, habiendo rechazedo el capitulo reivindicazor o presentado con a
respuesta al Concepto Téznico de Oficio No. 15296, ese Despacho mantiene las cbjeciones
de claridad cel capitulo reivindicatorio presertado bajo el radicado No. 13-103374-00007-
0000, desconociendo los cambios y comantzrios técnicos que rasaltaban y soportaban la
claridad del capitulo reivindicatorio modificadc.

De esta forma y en primer Iugar, 2l sefiar Examinador vuelve a mencionar en la
Resolucion aqui impugnada que el capitulo -eivindicatorio no es claro ni conciso porque
incluye cinco reivindicacionas indepsndientes: dos de proceso, dos de p-oducto y ura
referida a un sistema computarizado. Asimismc declara que se incluven frases que van
dirigidas a resultados a alcanzar, mediant2 un método o plan nutricicnal requerido por el

consumidor, disefiado con ciferentes fuentes nutr cionales, durante una o mas semanas.

Frente a tales objeciones, me permizo cestacer que, en vista de las modificaciones<
realizadas sobre el capitulc rz vindicatorio, el nimero de reivindicaciones independizntes s=
ha disminuido a tres, las cuzles se refieren de manera clara y concisa a los programas
nutricionales y a los métodos para se eccicnar un programa rutricional como el reclamado,
por lo que claramente esta objzcién ha sidc superada.

De otra parte, respectc a la objecion frente a las partes caractar zantes de la
reivindicacion 1 y a la mencion de frasas consideradas como rasultados a alcanzar
amablemente me permito indicar que, como parte del capitulo reivindicatorio modificado, se
han reducido las partes caractsrizartes, y ademas se han eliminado las frases que fueron

consideradas por el sefior Examinador como resultados a alcanza-.

¢) En segundo lugar, el seficr Exam nacor aleca que la formulacién reclamada
podria contener uno solo de los com ponentes listados Yy que no defire ninguna prooorcidon
de sus comporentes. Ademras, agrege que las reivindiceciones 5-12 y 14, zunque estén
encabezadas por una formu acion, no dafinen sspecificamente os comgon2ntes de dicha
formulacion, ni mucho menos sus propa-ciones de combinacién. Ea este sentido, e senor
txaminador aduce que lo realmente reivindicado es un plan de dieta gLe pertenece
claramente a un esquema de método de t-atamiento dirigido a mejorar 13 salud de un

consumidor y no una formulecién caracterizada por sus componres y proporcionss.
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Frente a los antericres sefialamientos, me permito manifestar que, de acuerdo con las
modificaciones del numeral 1.1 del presente memorial, el nuevo capitulo reivindizatorio
efectivamente incluye los componentes y las proporciones de las formulaciones nutricionalas
que constituyen el programa nutricional reivindicado. Asi entonces, a lo largo de las
reivindicaciones independientes y dependientes se definen porcentajes en peso o
proporciones directas de los componentes de las formulaciones, con lo cual se logra un
caracterizacion adecuada del objeto reclamado y se evidencia claramente la diferenciacion

de la invencion frente a programas y/o formulaciones nutricionales del arte previo.

Ahora, me permitc aclarar ante ese Despacho que ninguna reivindicacion del nuevo
capitulo reivindicatorio que se presenta junto con este memorial estd dirigida a un método
de tratamiento. El sefior Examinador basa su objecién en una supuesta violacion al alcance
del Articulo 20, literal d) de la Decisién Andina 486 de 2000, el cual establece que no seran

patentables: "d) los metodos terapéuticos o quirtrgicos para el tratamiento humano o

animal, asi como los métodos de diagnéstico aplicados a los seres humanos o a animales”

(resaltado fuera de texto).

No obstante, me permito resaltar que el capitulo reivindicatorio modificado esta
explicitamente dirigido & reclamar un programa nutricional para un individuo que ncluye
una formulacion nutricional que comprende una fuente de fitoquimicos, de acidos grasas
oemga-6 y de antioxidantes y los métodos carrespondientes para seleccionar el mismo. _a
descripcion divulga las posibles aplicaciones de dicho programa y el alcance para "mejorar

la salud del consumidor”: sin embargo, la materia que es reclamada no hace referencia a un

método de tratamiento.

En realidad, la carzcterizaciéon del programa nutricional se hace directamente a travss
de sus componentes -/as formulaciones nutricionales que lo constituyen- y de la ralacién
proporcional o caracterizacion cuantitativa de los mismos. Entonces, es evidente que el tipo
de formulaciones del plan nutricional y metodos que aqui se reclaman no caen dentro cel
alcance del mencionado Articulo 20, literal d) de la Decision Andina 486 de 2000, y por lo
tanto el capitulo reivindicatorio modificado que se presenta junto con este memorial no esta
de ninguna manera dirigido a materia no patentable.

En consecuencia, me permito sefialar que el capitulo reivindicatorio modificado se

ajusta completamente a los requerimientos del Articulo 20 de la Decisién Andina 486 de
2000.

d) Continuando con las objeciones, el sefior Examinador menciona que, en cuanto a
la reivindicacién 14, no es aceptable que una formulacion se caracterice por el uso de un
kit. Frente a esto, ese Despacho aclara que la definicién de un Kit-de-partes no puede darse

en terminos exclusivos de la forma de ingesta o administracion, el uso clinico, el
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metatolismo de los farmacos combinados o de los parametros farmacocinétccs o
farmecodinamicos de los compuestos combinados y, tampoco padra incluir as instrucciones

de preparacion ni la forma de adm ristracion de cada una de las preparac ones

Sobre este particular, me permito sefalar que, siguiand> las sugerencias del sz2nor
Examinador, las reiv ndicaciones 12 y 27 - referentes al empleo de un xit gue comprende
las formulaciones nutricionales ce 13 invencion- han sido eliminadas del nuevo capitulo
reivindicatorio. Consecuentements, se considerz que le objecidon dsl sefior Examinador a

este respecto queda completamente superada.

e) El sefior Examinador manifiesta en la Resolucion aqui impugrada que las
reivindicaciones comprenden términds y expresiones impracisas gJe no permiten cefinir

especificamente el objeto de invencion.

Frente a tal seialamiento, inicialmente me permito destacar ante ese Daspacho giLe
los =érminos empleados en las nuevas reivindicacion2s han sido mcdificados para hacerlos
mas precisos. Sin embargo, respetLosamente ms permito menifestar que nc siempre es

posible eliminar términos como "a menos" y "menor que”, cebido a gue as reivindicaciones

deben permitir su acaptacién a diferentes aplicaciones de producto.

Sobre lo anterior, me permito agregar que tales términos, generalmente usados para
describir las proporc ones o porcentajes de peso de los componentes de las formu aciones
que constituyen el programa nutriciona, no son imprecisos dado que su acance es
claramente conocido por la persona normalmente ve-sada en la materia y es ampl amenze

utilizado en el campc técnico de la invencion.

En este punto, considero impo-tante resaltar que dichos térm nos no pueden sacarse
de ccntexto y considerarse como “aislados”, sino qus deber interpretarse en el ccntexto de
la reivindicacion en el que se encLentran y deben ser entendidos por el expertc en la
materia a quien se dirigen a la luz del alcance de la memoria descriptiva. De ecuerds con el
numeral 2.6.5.1 de la Guia para el examen de patentes de invencion y modelo de utilidad
de la Superintendencia de Industriz y Comercio, "e/ sigrificado y alcarice de las palebras de
las reivindicaciones cebe ser el aque normalmente se€ les da en el arez técrica de la
solicitud”. En este s=ntido, al exparto en 'a matz-ia se le puede hablar zon la terminologia
habitual en su campo técnico, y nco hay necesidzd de explicar detalles de la invencion que

son completamente obvios para él.

Como prueba de lo antericr, 2n el testimonic adjunto de los Drs. Erickson y Das,
quieras son expertcs en la materia y conocen ccn cetalle la terminologia de campo de la
invencion, confirman que las reivindicaciones son claras y se encuentran pleramenze

sopor-adas por la descripcion (Parrefo [0006]). En sus palabras:
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"Todos los elementos y limitaciones en las reclamaciones 1-27 son perfectemente
claros a la luz de la descripcion. Los términos utilizados en las reivindicaciones 1-27
son términos estandar utilizados en la técnica, y un experto puede entender, sin duda,
su significado. Por ejemplo, los términos, “"menor que, al menos, cantidades,
productos alimenticios" se utilizan rutinariamente en la técnica. Adem 3s, los términos
y rangos de medida utilizados en las reivindicaciones son claros. Por ejemplo, se ha
dado a conocer en toda la descripcidén que el requisito de los nutrientes citados puede
verse afectado por la presencia de otros nutrientes. Ademas, se ha descrito que las
formulaciones pueden estar en forma de suplementos o dieta entera (por ejemplo,
véanse los parrafos 25, 26, 131, y reivindicaciones modificadas 8 y 2i). Pcr lo tanto,
la presencia de los rangos alternativos es razonable y €l experto en la materia ha sido

bien instruido sobre cémo practicar aguellos rangos”,

Aunado a lo anterior, muy amablemente me permito sefalar que, en la practiza de
patentes, la determinacion de intervalos puntuales o concretos en lugar de “términos
relativos” no es un aspecto mandatorio. En realidad, lo que si es exigible es |a utilizacion de

términos relativos qu= sean comparables Y, por tanto, perfectamente claros y entendibles

para un experto en la materia. Tal es el caso de los términos “a/ menos” o "menor que”, los
cuales tiene que interpretarse dentro del contexto de la invencion, y de la misma

reivindicacion, para poder entender su alcance comparativo.

Cabe resaltar que el objetivo de la invencidn es equilibrar diversos nutrientas y
mantenerlos en un rango seguro dentro del programa nutricional definido. Ahora b en, dado
que el requerimiento de un nutriente depende de la presencia de otros nutrientes, es mas

sfectivo_mencionar el limite superior del nutriente. Entonces, ese Despacho debe tener en

Zuenta que, en dosis nutricionales, un limite superior de nutrientes es significativo, y puede
ser interpretado facilmente por una persona versada en el area técnica a la luz de las
ensenanzas de la descripcion. Ademas, no siempre es conveniente proporcionar tocos estos
nutrientes a través de una formulacion, por lo tanto, los programas estan creados de

manera que las formulaciones se disefien para adaptarse entre si.

Por otra parte, también me permito manifestar a ese Despacho que resultaria una
rastriccion injusta delimitar las proporciones o porcentajes de comparacion en peso a una
Unica manera de realizacién (un dnico valor), toda vez que, modificando e! nirmero de

elementos, un tercero podria aprovechar impunemente el desarrollo realizado por el
solicitante,

A la luz de lo anterior, me permito sefialar gue todos los términos de caraczterizacién y
definicion de las reivindicaciones son claros y permiten la fécil identificacién y directa
ccmparacion del objeto de la materia reclamada con lo divulgado en el estado de la técn ca

arterior. En este sentido, dichos términos resultan la mejor manera de describir la
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invencion, y de ninguna manera restan cla-idad a la raclamacién. Por lo zantc, se considara

que se saoera completamente la objecion cel sefior Examinador a este respecto.

f) Finalmente, me permito traer a colacion que, tal y comc se explico 2n la
respuesta al Concepto T2cnico de Oficio No. 15196, la mazeria reclamada 2n !a Jresente
invencién en efecto se encuentra divulgaca con mucha ciardad y en los términos técn cos

adecuaccs a lo largo de toda la descripcior de la solic tud.

Er este sentido, vale la pena sefalar que toda la informacion que esta incluida =n la
descripcién ensefia a la persona versade =n la materiz el por qué y cdmo formular los
nuevos productos nutricionales en el procrama nutricicnal reclamado. Asi, dete tenzrse
presente que el objetive de los documentos de patente es ensenarle a la persona versada
en la mazeria la manerz en que puede 'levar a cabo la nvencidn después ce que expi-e la
patente. Es por esta razon, que el inventcr de la preseate soicitud ha dado instrucciones

detalladas en la descripcion.

A la luz de lo arterior y con el fin de orientar al sefior Examinador, me permito
presentar a continuacidén un resumen de la dispcsicién de la informacién dertrc de la

descripcion:

. Desde la p4g. 1, ‘nea 18 hasta la p&g. 2 linea 21, y desde la pag. 12, linza z4 hasta la
pag. 14, linea 7, se revela que los rejuerimientos de micronutrientes para la salud son

seqsibles, y que cemasiada cantidad puede ser nocivos para la salud.
. Desde la pag. 2, linea 22 hasta la pag. 4 linea 2€. se describe que hay Lna necesidad
d= programas nutricionales adaptados nuevos cisefiados para adaptarse entre si vy

mantener el consumo global de mizronutrientes bajo cortrol.

. Dasde la pag. 5, linea 1 hasta la zag. 12 linea 22, se resume la forma de desarrollar

este tipo de sistemas/programas ce componentes y z6mro usarlos.

° Desde la pag. 15, linea 12 hasta 1z pag. 21 linea 15, se p-oporcionan definiciones de

los términos cientificos utilizados.

. Desde la padg. 21, linea 16 hasta a pag. 77 linez 3, se divulgan Ics factores cientificos

cue influyen en la seleccion de rutrientes y la fcrma de seleccionar 10s mismos.

. Desde la pag. 77, linea 5 hasta la pag. 88 lir2a 12, se proporcionan instrucciones

detalladas para desarrollar los sistemas/prog-amas nutricicnales.

10
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. Desde la pag. 88, linea 13 hasta la pag. 89 linea 2, se da a conocer que existen

ventajas de la fabricacion y produccién de la invencidn descrita.

. Desde la pag. 89, linea 3 hasta la pag. 96 linea 28, se divulgan los componentes de

las formulaciones nutricionales y limitaciones alternas.

. Desde la pag. 97, linea 1 hasta la pag. 100 linea 5, se dan ejemplos concretos sobre

ccmo seleccionar nutrientes para diferentes grupos.

. Desde la pag. 100, linea 6 hasta la pag. 101 linea 20, se describen que las nuevas

formulaciones pueden ser aplicadas en un método de profilaxis.

. Dasde la pag. 101, linea 21 hasta la pag. 103 linea 3, se da a conocer un sistema
computarizado novedoso para implementar computacionalmente los métodos

reclamados.

. Desde la pag. 104, linza 26 hasta la pag. 149 linea 15, se divulgan 14 ejemplos

concretos de las nuevas formulaciones v sus beneficios.

Consecuentemente, es evidente que la descripcién de la presente solicitud permite
que la osersona del oficio normalmente versada en la materia pueda comprender el problema

tecnico y la solucién aportada por la invencién y ademas pueda reproducirla.

Frente a todas las anteriores consideraciones, me permito manifestar que el nuevo
capituls reivindicatorio cumple a cabalidad con las disposiciones de patentabilidad
establecidas en el articulo 3C de la Decisién 486 de 2000, toda vez que es claro, concisc y

encuertra pleno sustento en la descripcion de la solicitud.

1.4. Unidad de Invencién del Nuevo Capitulo Reivindicatorio.

De acuerdo con el sefior Examinador en la Resolucién aqui impugnada, la solicitud
denegada en cuestion no cumple con el requisito de unidad de invencién porque, sus
reivindicaciones se refieren a por lo menos 2 grupos inventivos:

o Grupo Inventivo I: Una formulacién nutricional.

. Grupo Inventivo II: Un sistema computarizado.

Frente a tales grupos, el sefior Examinador sefiala que, al mencionar que la

formulacién se caracteriza porque comprende al menos un madulo y uno o mas nutrientes

en cada modulo, la invencién da origen a infinitas formulaciones distintas y asi mismo a un
numero indefinido de grupos inventivos.
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En respuesta a lo anterior y de confz-midac con les modificacionas sefaladas en el
numeral 1.1 del presente memorial, me permito sefizlar ante ese Despacho que el nuevo

capitulo reivindicatorio se encuentra dirigido a proteger materia que corparte un_Unico

concepto inventivo y que por lo tanto cumple a cabalidad con las disposiciones de

patentabilidad establecidas en el articulo 25 de la Decision 486 de 2000.

En efecto, |10 que se busca reivindicar con la presente solicituc (a partir de las nuevas
reivindicaciones 1 y 2) es un programa nutricioral para un individuo que ncluye
“ormulaciones nutricionales formadas por una fuente de fitoquim cos, una fuente de acidos

orasos omega-6 v una fuente de anti-oxidantes.

En tal capitulo reivindicatorio, las nuevas reivindicaciones indepzrdientes 1 y 2 definen
correctamente los elementos y las proporciones de los comoonentes de la formulacion
rutricional, y por lo tanto, del programa nutritivo que se redama y las nuevas
r2iv ndicaciones dependientes 3 a 12 no sélo agregan caracteristicas técnicas esenciales que
delimitan el programa reclamado sino que también incluyen las todas |as limitaciones de las
nuevas reivindicaciones 1 y 2 de la quz2 son dependientas (caracteristicas técnicas
esenciales).

Por su parts, la nueva reivindicacion 13 define correctemente los elementos y las
condiciones técricas del método que es util para seleccionar un progrema nutricional, y las
nuevas reivindicaciones dependientes 14 a 27 sélo las agregan caractaristicas técnicas

esenciales que delimitan el método reclamadc.

Consecuentemente, todas las reivindicaciones independientes 1, 2 v 13 incluyen las

cigu entes caracteristicas comunes:

) Un programa nutricional para un individuo y/o el método para proveer nutricion

a un ndividuo;

. Una “uante de fitoquimicos, de acidos omega-6 y de antioxidanzes;
. Una cosis diaria de omega-6; vy
. Una dosis diaria de 25 mg a 10 g de antioxidantes.

En ese orden de ideas, también cabe destacar que la nueva re vindicacion 27 es una
reivindicacion deoendiente de la nueva reivircicacion 13 (método para prcveer nutricion), y
por lo tanto el sistema computarizado reclamado en dicha reivindicacion eszé disefiadc para
llzvar a cabo el método de la reivindicacion 13 para desarrcllar 12s programas nutricionales.

Tzniendo en cuenta lo anterior, es evidente cue el sisteme computzrizad> que se reclama

12
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pertenece al mismo grupo inventivo, Unico y comun, dado que incluye todas las

caracteristicas técnicas de la nueva reivindicacion independiente 13.
En —onsecuencia, es evidente que el capitulo reivindicatorio modificado se encuentra
cobijado 5ajo el mismo concepto inventivo y por lo tanto dicho capitulo cumple a cabalidad

con lo exigido por el Articulo 25 de la Decision Andina 486 de 2000.

2. CONSIDERACIONES TECNICAS FRENTE A LAS ENSENANZAS DEL ARTE PREVIO

Ahcra, teniendo en cuenta el alcance del nuevo capitulo reivindicatorio de la invencion
en cuestidn, me permito manifestar ante ese Despacho que el programa nutricional para un
individuo que incluye una formulacién nutricional gue comprende una fuente de
fitoquimicos, de acidos grasos omega-6 y de antioxidantes y el correspondiente métoco de
seleccion revelados en la solicitud de patente denegada presentan un inequivoco caracter
novedosc frente a los documentos US 2004/001874 (D1), US 2006/280840 (D2), US
2009/220649(D3), US 2003/225731 (D4) e International Food Information
Council Foundation, “Acidos grasos Omega 6 mas que una moda, una cuestiéon de
salud” (D5).

En la Resolucion aqui impugnada, el sefior Examinador considera que todas las
caracteristicas esenciales del programa nutricional de las reivindicaciones 1 y 2 son

anticipadas por las revelaciones de los documentos D1, D2, D3, D4 y DS.

A este respecto, el Sefior examinador sefiala que las caracteristicas técnicas d= las
reivindicaciones independientes del capitulo reivindicatorio actualmente presentado “(...) ya
habia sido divulgadas previamente los documentos (...)"” del arte previo, Es asi como el
sefor Examinador concluye que "(...) los argumentos de la solicitante no desvirtian de

manera alguna las objeciones a la patentabilidad ya sustentada”,

Frente a tales considerzciones, me permito aseverar que los mencionados
documentos D1, D2, D3, D4 y D5 de ninguna manera sugieren o ensefian una
formulacion nutricional que posea todas y cada una de las caracteristicas técnicas
estructurales y funcionales del programa nutricional que es objeto de la presente
invencién, tal como es reclamado dentro del capitulo reivindicatorio modificado
que se presenta junto con este memorial.

Ahora bien, con el dnimo de demostrar ante ese Despacho que la anterior afirmacior
es complatamente correcta, a continuacién me permito realizar un analisis comparativc

detallado entre la informacién revelada en la presente solicitud y las ensefianzas brindadas
por el documento D1:

L3
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2.1. Los documentos D1, D2, D3, D4 y D5 ensefian formulaciones
nutricionales con caracteristicas técnicas estructurales diferentes a las del
programa nutricional de la presente invencian.

Antes de entrar a discut r las diferencias mas relevantes con cada documnento del arte
previo, es importante senaler que las raivirdicaciones 1, 2 y 13 defiren dos sets de
condiciones/caracteristicas principales que debe cumpli- el programa v las “ormulaciones
nutricionales alli revelados:

v Comprender una fuente de fitoqu micos, una fuente de acidos grasos cmega-6 y una
fuente de antioxidantes (...) en conde la formulacion o formulaciones del programa
nutricioral en conjunto comprenden una dosis diaria de 1 a 4] gramos de acidos

grasos omega-6 y de 25 mg - 1C gramos de anzioxidantes; ¢

v Comprender una mezcla de ipides de diferentes fuentes, (..) en donde las
formulaziones proporcionan a un individuo una cosis de acidos grascs omega-6 y
omega-3 en una relaciéon de omega-6 a cmega-3 d= 5:1 o mayor y ura dosis diaria ce

25 mg a 10 g de antioxidentes, er donde:

(i) los acidos grasos omega-6 sc1 mayores que e 20% en peso de los lipidos
totales; o,
(ii) la dosis de &cidos grasos de cmega-6 es menor que 4C gramos, y la dosis

de acidos grasos om=2ga-3 es menor que 2 gramos.

Documento D1.

Teniendo en cuenta lo anterior, al revisar las ensefanzas de dicha anterioridad, el
documento D1 no hace menicon ce fcrmulaciones que comprerdar acidos grasos de
omega-6, lo cual es la caracteristica técnica esencial de las nuevas reivindicaciones 1, 2 v
13;

Ademas D1 no ensela a caracte-istica de una dosis diaria de antioxidantes, en el
sentido de "antioxidantes" ccmz se describe en la descripcidor de ‘a solicitud (véanse los
parrafos 25, 59 y 75). Por ejampolo, €l parrafa 75 da a conocer que (..) 'os antioxidantes
son moléculaz capaces de retarzar o prevenir '3 cxidacion de otras moléculas ', y que ciertos
fitoquimicos como los carotencides, faveonaoides, polifenoles, licopend, luteina, lignanos,
etc., tienen propiedades anticxidantes. En contraste, D1 sdlo ensefa la accién antioxidante
de la coenzima Q10 y no nace mencion agura de la dosis diaria atr baida. Por lo tanto, la
definicion de los antioxidantes en la descriocidn de la solicitud 2c¢ diferente a la del
documento D1. De este modo, es claro que DZ no revela el rangc de dcsis diaria de 25 mg

a 10g de antioxidantes en 2| procramz nutricional reclamado.

14



LLOREDA CAMACHO o

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

Junto a lo anterior, me permito sefialar que D1 no divulga todos y cada una de las

caracteristicas estructurales mencionadas en las nuevas reivindicaciones 1, 2 y 13 de le
presente invencion, ni tampoco ensefa ninguna de los dos sets de condiciones
técnicas definidos anteriormente. Por lo tanto, D1 no sirve para desvirtuar la

novedad de la invencion denegada.

Documento D2.

Ahora bien, el documento D2 tampoco hace mencidn alguna sobre la dosis diaria de
omeg3a-6, la cual es una caracteristica técnica esencial de las nuevas reivindicaciones 1, 2 y
13, ni tampoco de la proporcion de omega-6 a omega-3, la cual es una caracteristica crucial

de la nueva reivindicacion 2.

Adicionalmente, D2 no tiene informacion alguna de la dosis diaria de antioxidantes, en
un rango de 25 mg a 10 g, la cual es una caracteristica técnica esencial de las nuevas
reivindicaciones 1, 2 y 13. Como ya se describié para D1, el significado y definicion del
termino "antioxidante” en la presente invencién es diferente al que se le da en el

documento D2,

Asi las cosas, es claro que el documento D2 tampoco ensena alguno de los dos
sets de condiciones técnicas definidos en las nuevas reivindicaciones 1, 2 y 13 de

la presente invencion, y por lo tanto, tampoco sirve para desvirtuar la novedad de
la presente solicitud.

Documentos D3 y D4.

En primer lugar, los documentos D3 y D4 no hacen mencién alguna sobre los acidos
grasos omega-6, los cuales son elementos imprescindibles en las formulaciones del
programa nutricional reclamado. En segundo lugar, ni D3 ni D4 divulgan informacion

especifica sobre los antioxidantes, tal Y como se reclaman en la presente invencién.

Por lo tanto, es claro que los documentos D3 y D4 no enseiian alguno de los dos

sets de condiciones técnicas definidos en las nuevas reivindicaciones 1, 2 y 13 de

la presente invencién, y por lo tanto, tampoco sirve para desvirtuar la novedad de
la presente solicitud.

Documento D5.

Freate a las ensefianzas concretas del documento D5 -/as cuales el sefor Examinador
senala que afectan la materia de |3 nueva rejvindicacion 2-, cabe resaltar que tal

anterioricad no anticipa la materia reclamada en la presente invencion dado que:

15
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. El documento D5 no divulga "una fuente de Stoguimiccs, ura fuente d= écidos grasas
omega-6, y una fuente de antioxidantes” como se reclama en lzs nuevas

reivindicaciones 1, 2 y 13 que s2 presentan junto con este memorial.

B El documento D5 no revela una dosis total de dcidos grasos omega-€, tal y como se
reivindica en las nuevas raivindicaciones 1, 2 y 13. La tabla de la pagina 3 de D5
simplemente ensefia una dosis diaria de “dc.dos grasos esencialzs omega-6 y omega-
3: Recomendado y tomas habituales”. Teles ac dos omrega-6 y omaga-3 esenciales se
refieren al &cido linoleico (-A} v al acido alfa-linolénico (ALA) (Columna 1 d= la tabla 3
y "Una cartila sobre Grasas" en la pagina 1 de D5), pero ro se refie-en a la totzlidad
de acidos g-asos omega-6 y amega-3. Cuardo LA es 17g/cia tctal, el ome3ja-6 pued2
ser 50 g/dia y, cuando ALA es 1,6 g/dia to=l, el omega- 3 puede ser Zg/dia, rancos

que claramente no solapan cor los reclamacas en la presente invencion.

. El documerto D5 no da a co~ocer una dosis de antioxidantes, como se reclama en las

nuevas reivindicaciones 1, 2 y 13 que se presentan junto con este memoarizl.

. El documento D5 no ensefia una "mezc'a de lipidos de ciferentes fientes, . .)
proporcionan a un individuo una dosis de 3cidos grasos cmega-6 y omega-3 en una
relacion de omega-6 a omeca-3 de 5:1 o mayor”, como en la nLeva reiv ndicacion 2.
En realidad, el documento D5 ensena qLe la relacion de omrega-6 a omega-3 esta
entre 2: 1 a 5: 1, mientras jue la nueva reivindicacion 2 indica que la “relacion de

omega-6 ¢ omega-3 de 5:1 o mayor”.

. A partir de la tabla de la pdgna 2 del cocumento D5, no se llegeria inevitablemente a
una "mezcla de lipidos de diferentes fue-tes"” en donde “los acidos grasos omega-6
son maycres que el 20% =n peso oe los iipidos ‘otales, porque el aceite de Ino
contiene sélo 13% de oTega-6 en peso ¥ una composicion que comprende una &lta
cantidad de aceite de lino no contendri@a inevitablement2 una cantidad de acidos

grasos omega-6 que sea mzvor al 20% en peso de los lip dos zotales.

Es preciso resaltar que las anteriores consideraciones son ccnfirmadas odor las
declaraciones ce los cientificos que se adjuntan. especificamente er el parrafo [007]. Ahora,
ese Despacho debe tener en presente que, para que se vea afectada la novedad de lg
invencion, cada elemento de la -eivindicacién debes ser mencionado en el documento citado
como arte previo exactamente como se mencicna en la reivindicacion que esta s endo
objeto de anélisis. Una divulgadon o anticipacion no puede basarse en posibilidades v
probabilidades -o en wuna comparacion utlizando 13s mism3as palabras para cada
anterioridad-, sino que es una cuestior de caradcter inevitabe, tal y como apa-ece
plenamente establecido en el aumeral 2.12 de la Guia para el examan d= patentes d=

invencién y modelos de utilidad dz la Superintend2ncia de Industria y Comercio.
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En vista de los argumentos anteriores, es claro que las caracteristicas estructuralas y
runcionales del programa nutricional de la solicitud denegada no han sido exactamente
divulgadas en su tota'idad por los documentos D1 a DS. En consecuencia, me permito
manifestar que la mareria revelada en la presente invencidn es novedosa frente z las
ensefnanzas de tales documentos, cumpliendo por lo tanto a cabalidad con las disposiciones
de patentabilidad establecidas en el articulo 16 de la Decision 486 de 2000.

2.2. En el estado de la técnica anterior también se encuentran férmulas
nutricionales que también difieren significativamente con el programa nutricioral

que es objeto de la presente invencion.

Aunado a los argumentos brindados en el anterior numeral, también me parmi-o
menifestar ante ese Despacho que en el estado de la técnica se encuentran ensefanzas
racicalmente opuestas a la materia reclamada en el capitulo reivindicatorio modificado que
se Jresenta anexo a este memorial, creando una serie de vacios técnicos por los cuales para
la persona medianamente versada en la materia no seria posible obtener la soluc'dn tecnica

brirdada por el solicitante partiendo del arte previo,

En efecto, una vez mas me permito llamar la atencién de ese Despacho sobrz los
sigu‘entes aspectos:

i El arte previo ensefia enfaticamente relaciones entre acidos grasos omega-6 vy

omega-3 menoras que 4:1, y adicionalmente no menciona las condiciones en las

cuales pueden emplearse relaciones menores.

i, El arte previo =2nsefia enfdticamente la necesidad de consumir cantidades
relativamente altas de EPA y DHA,

iii. El arte previo no menciona y tampoco considera la concentracion de omesga-6 vy
omega-3 con respecto a la totalidad de lipidos, incluyendo antioxidantes v
fitoquimicos. En w=ste sentido, tan sélo hace alusion a porcentajes de acidos

grasos, de grasas o de calorias (Ver parrafo [0010] de la declaracién de los
cientificos).

Iv.  El arte previo divulga enfaticamente la disminucion en el consumo de omega-6,

recomendando que corresponda a menos del 4% e incluso menos del 1% de las
calorias.

V. El arte previo no presenta la importancia de la dosificacion de omega-6 total y
omega-3 total, lo que lleva a que en todas las anterioridades se haga referencic

a relaciones indeterminadas (Ver pérrafo [0007] de la declaracién de los
cientificos),
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vi. En el arte previo, se recomienda el consumo de nutriertes qu2 suprmen la
actividad v el metabolismo del omega-6 como agente ant-inflamatorio, lo
anterior sin que ni siquiera se haga alusion a las consecuercias de una supresion
o deficiencia durante tiempos prolongados e aicho omega-6 (Vver par-afo [0009]
de la decleracion de los cientificos).

vii. El arte pravio no ensefia que los antioxidartes y los fizoquimicos (los cuales
también tienden a ser lipidos) pueden reducir la tolerancia y/> el requerimiento
de &cidos grasos omega-3 (Ver parrafo [0008] de la aeciaracion de los

cientificos).

Er relacidon con lo anterior, en la siguiente Tacla se resumen algunas ersefanzas de

dichas publicaciones:

[ (2005}, 30, pp. 155-169.

—[ i
| Namero BOCUMERtS pzifitzggn Ensefnanza
] |
Relacién de omega-6 lr
| aomega-Z: 0,3g, i
. aunque el rango |
U557.89451 Progucto ; praferido es 0,25-4,0.
E1 nutricional para una Atril 1, Ra1go de EPA
persona que pa_defe colitis 1994 preferido: 16-13,5%
ulcerativa Rango de DHA
prefe-ida: 3,7-8,3% "
Tebla 10
r : ; o
E2 Noticia de la US-FDA SZ‘;“;&TE 8 gr“sng"isnga!_'; :’S aE
ri Relacion d2 omega-6 '|
a omega-3 1:1, el
omega-b
i . 0,
EP 1510133A1 egresentandc_‘q'lto Yo
.\ o e la composicion
E3 Compos::ron g’.rrasa 2003 (Resumen y parrafos |
balanceada | 2y6),y os acidos |
| grasos moro
f insaturados > 70%
| (parrafo 2)
Dubnov 3. "Acidos grascs |
omega-6 y enfermedaa Felacidn de omega-6 |
Ea4 arterial coronaria: Pros y  Noviembre | a omeca-3 ~1:1 |
contras”. Current | de 2004 (pagira 441, columna
Atherosclerosis reports, 1, parrafo 1)
2004, 6:441-446. |
— o |
| Hulbert A. "Grasas dietarias '
I y funcidr de membrane: Relacion de omega-6 ‘
E5 Implicaciones para el Febrerc de a omega-3 ~1:1 -]
metetolismo y la 2005 f (pagina 263, columna
enfermecad”. Biol. Rev. 5 2, parrafo 1)
! =0
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| El consumao de |
| omega-6 (AL) debe
|

Hamazaki et. al, "La
sociedad japonesa de
nutricion de lipidos

| |

| |

| |

| recomienda reducir el

5y : : corresponder a entre

'. E6 | consumo de &cido linoleico. I 2003 ;_4%%8 porcentaje
| | Una revision y critica a la | de energia (pagina
| | evidencia cientifica". World | 130 - Conclusiones’
, | Rev Nutr Diet. 2003; 92: | | -
| | 109'32 | | -
| | Lands WE. "Grasa dietaria Y !— El consumo de
| salud: La evidencia y la | | omega-6 (AL) debe |
' E7 politica de prevencion”, 2005 | corresponder a menos |
|

|
Lands, Ann. N.Y. Acad. Sci. | i de 0,5% de las
' | 1055: 179-192 (2005) | | calorias (pagina 183) |

“*Nota: £ se refiere a un documento del arte previo diferente a D1 a D5.

Con respecto a lo anterior, me permito dirigir la atencion del sefnor Examinador a 'o
siguiente:

- El documento E7 ensefia la inclusién diaria de acido graso omega-6 del 0.5% o menos

como un porcentaje del total de calorias. Para una dieta calorica de 1800, un 0.5% o
menos significa una dosis de menos de 1 gramo de omega-6 (0,5x1800= 9 calorias o

1 gramo). Esta es una ensefianza totalmente opuesta a lo que se reclama en las

nuevas reivindicaciones 1 y 13, las cuales mencionan "una dosis de 1 a 40 gramos de
acidos grasos de omeaga-6".

Los documentos E1, E3, E4 y E5 ensefian una relacion de omega-6 a omega-3 menor

a 5: 1. Esta ensefianza es opuesta a lo que se reclama en la nueva reivindicacién 2, la

cual indica "una dosis de acidos gqrasos omega-6 y omega-3 en una relacién de omega-
6 a omega-3 de 5:1 o mayor”,

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

con E7) equivale a ~1,42% de grasa total (0,5%/35% = 1,42%). Esta ensefianza es

O0ouesta a lo que se reclama en la nueva reivindicacion 2 literal (i), la cual indica que

"las dcidos grasos omega-6 son mayores que el 20% en peso de las lipidos totales”.

Adicionalmente, en la rzivindicacién 2 literal (ii) se ensefia que la dosis de acidos

grasos omega-6 es de hasta 40 gramos, lo que es opuesto a la ensefianza de menos
de 1 gramo que ensefa E7, Ademas, la reivindicacion 2 literal (i) indica que la dosis
de acidos grasos omega-3 es menor a 2 gramos, lo que es opuesto a la altas
cantidades que son ense3adas en el arte previo, particularmente en los documentos
Ely E2.
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£ vista de los argumentos anteriores, ms permito manifestar que también es
evident2 que las nuevas reivindicaciones indepandentes 1, 2 y 13, 3asi como sus
reivindicaciones dependientes, de ninguna manera son anticipadas ni son obvias a partir de
las ens2fianzas encontradas en los documentos del art= p-evio (Documentos D1 a D5y E1 a
E7), y por lo tanto es innegable que la presente invercion, cumple a cabaldad con las

disposiciones de patentabilidad establecidas en el articulo 16 de la Decision 486 de 2000.
2.3. Consideraciones técnicas finales.

Aparte de lo mencionado hasta el momento en el presente memoria, considero
relevante destacar a1te ese Despacho que los acidos grasos, taies como omege-3, omega-6
y acidos grasos mono-insaturados, poli-insaturados y saturados, corresponden simplemente
a Lr subgrupo dentro de los lipidos, mientras que el término 'grasa hace referencia a
triclicéridos (los cuales son otro subgrupo dentro de los lipidos). En este sentido, los lipidos
comprenden &cidos crasos libres, mono-glicérides. di-glicéridcs, tri-gliczridos, vitaminas A,

E, C K, carotenoidzs, esteroles, ceras y otros tantos ccmpuestos fenolicos (Ver documentos

anexos a mi memarial del 14 de octubre de 20-4: Fany et al. J. Lipid Res. 2005, 46:839-
861 and The Nomenclature of Lipids, J Lipid Res. 1978 Jan:19(1):114-28).

Ademas, como se menciond previamente, los lipidos hacen perte de un grupo
d2rominado fitoquimicos, y por lo tanto, es claro que la existencia de una referencia
particular a un constituyente especifico que ca2 dentro dal grupo general d2 nutrientes (tal
como lo divulgan los documentos D1 a D4) de n'nguna manera implica la inexistencia de

ricvedad frente a as ensefianzas de tales anterioridaces.

Ahora, sumado a lo anterior, atentamente me permitd resaltar una vez mas que los
jacumentos D1, D2, D3 y D4 citados por el sefior Examinacor también fueron mencionados
en el Reporte d= Blsqueda Internacional realizado per la Oficina Coreana de Propiedad
Iatelectual. Sin embargo, tal y como lo podré cor-otorar el sefior Examinador, dicha Oficina
internacional catalogd tales documentos D1 a D4 comc categoria "A*, esto es, como
documentos qus definen el estado general de a técnica, pero que no son de relevancia

particular.

Ante todo es preciso sefalar que con la informacion mancioneda anteriormente de
ninguna manera pretendo desconocer la incependencia de la cue goza la Superintendencia
je Industria y Comercio al momento de analizar Ics méritos de patentabilidad de una
solicitud, de acuerdo con las disposiciones del Ccnvenio de Paris para |2 proteccion de la

propiedad industrial.
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Sin embargo, si considero de gran importancia resaltar el hecho de que la materia
técnica revelada en la solicitud de patente en cuestion ha sido catalogada como novedosa
por los Examinadores de la Oficina Coreana de patentes (actuando como Oficina
internacional), hecho que evidentemente representa un claro indicio de que la solic tud de
patente en cuestion cumple a cabalidad con los requisitos de patentabilidad establecidos en
la Decision 486 de 2000,

II. CONCLUSIONES

Con base en los argumentos técnicos mostrados previamente, me permito manifestar
ante ese Despacho que la materia revelada en la solicitud de patente en cuestion presenta
un inequivoco caracter novedoso frente a las ensefanzas de los documentos citados en la
Resolucion Numero 79599 aqui impugnada, cumpliendo de esta manera con las
disposiciones establecidas en el articulo 16 de la Decision 486 de 2000, y por lo tanto

demostrando ser merecedora del privilegio de patente requerido.

Asi mismo me permito manifestar que el nuevo capitulo reivindicatorio cumple a
cabalidad con las disposiciones de claridad exigidas por los articulos 30 y 34 de |3 Decision
486 de 2000, respectivamente.

III. PETICION

En vista de todo lo anterior, ruego a usted proceder a estudiar nuevamente la solicitud
a la luz de las argumentaciones presentadas y proceder a revocar la Resolucién Numero

79599, con el fin de que se conceda el privilegio de patente a la presente invencion.

Iv. PODER

En este punto, me permito mencionar ante ese Despacho que el documento que
acredita mi calidad de Representante Legal en Bogota para asuntos relativos a la Propiedad

-ndustrial de la sociedad peticionaria fue allegado junto con mi memorial del 5 de Agosto de
2014,
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V. ANEXOS

Anexo al presente racurso me permitc presentar:

vi’

Recibo numero 15-112280, expadido por la Super ntendenzia de Industria y

Comercio, que acredita el pago ze las mocificaziones mencionadas; y

Copia de las paginas 1 a 13 gue correspond=n al nuevo capitulo reivindicatorio
modificado, compuesto por 27 reivindicaciones, tal y comd se describe en el

numeral 1,1 cel presente memonrial;
Copia de las Declaraciones de Izs Drs. Kent L. Erickson y Undurti N. Das;
Copia del documento: Fahy et zI. J. Lipid Res. 2005. 46:839-861;

Copia del cacumento: The Nomenclature of Lipids, J Lipic Res. 1978 Jan;
19(1):114-23; v,

Copia del dozumento: Lands. Ann. N.Y. Acad. Sci. 1255: 17€-292 (2005).

VI. DOMICILIO

Mi direccion es Calle 72 No. 5-83, P so 6°, Bogoté D.C.

Cel Sefior Superintendente,

|
~AFICIA LLOREDA RICAURTE
T Pe53. 215

Direccidn para Notificaciones: notificacionespatentes@lloredacamacho.com
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REIVINDICACIONES

Un programa nutricional para un individuo, que incluye al menos una formulacion
nutricional que comprende una fuente de fitoquimicos, una fuente de Acidos
grasos omega-6 y una fuente de antioxidantes, en donde la formulacién o
formulaciones del prcgrama nutricional en conjunto comprenden una dosis diaria
de 1 a 40 gramos de acidos grasos omega-6 y de 25 mg — 10 gramos de

antioxidantes.

=l programa nutricional para un individuo, que incluye al menos una formulacion
1utricional que comprende una mezcla de lipidos de diferentes fuentes, por lo
jue la formulacion o formulaciones del programa nutricional en conjunto
proporcionan una dosis diaria de acidos grasos omega-6 y omega-3 en una
relacion de omega-6 a omega-3 de 5:1 o mayor y una dosis diaria de 25 mg — 10

gramos de antioxidantes a el individuo, en donde:

(i) los acidos grasos omega-6 son mayores que el 20% en peso de los lipidos

totales; o,

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

de acidos grasos omega-3 es menor que 2 gramos.
El programa nutricional de acuerdo con la reivindicacién 1 o 2, en donde:

(i) el fitoquimico se selecciona de un grupo que consiste en monofenoles,
polifenoles, carotenoides, monoterpenos, saponinas, lipidos, triterpenoides,
betalainas, orgenosulfurados, indoles, glucosinolatos y compuestos de
azufre; y/o

(i) los éacidos grasos de omega-6 comprenden uno o mas &cidos grasos
seleccionados de un grupo que consiste en &cido linoleico (C18:2), acido
linoleico conjugado (C18:2), &cido gamma-linolénico (C18:3), éacido
eicosadienoico (C20:2), acido di-homo-gamma-linolénico (C20:3) y acido
araquidénico (C20:4); y/o



(iii)

el antioxidante se selecciona de un grupo que consiste en flavonoides,
flavonas, isoflavonas, catequinas, antocianidinas, isotiocianatos,
carotenoides, sulfuros alilicos, polifenoles, terpenos, limonoides,
fitosteroles, beta-caroteno, licopeno, luteina, lignano, é&cido ascérbico
(vitamina C), acido félico, selenio, super-dxido dismutasa (SOD), catalasa y
glutation peroxidasa (GSHpx), coenzima Q10 (CoQ10), glutatiéon y vitamina
E; ylo

las formulacién o formulaciones nutricionales comprenden &cidos grascs de
omega-3 y los acidos grasos de omega-3 comprenden uno o mas acidos
grasos seleccionedos de un grupo que consiste en acido alfa-linolénico
(C18:3), éacido esteariddnico (C18:4), acido eicosapentaenoico (C20:5),

acido docosapentaenoico (C22:5) y acido docosahexaenoico (C22:6).

El programa nutricional de acuerdo con la reivindicacion 3, en donde:

(i)

(iD)

(i)

uno o mas polifznoles se seleccionan de un grupo que consiste en
flavonoides, é&cidos fendlicos, lignanos, estilbenos, punicalaginas, acidos

hidroxicinamicos y tirosoles; y/o

la dosis de polifenoles es mayor que 5 mg; y/o

uno o mas fitosteroles se seleccionan de un grupo que consiste en

campesterol, sitosterol, gama-sitosterol y estigmasterol.

E programa nutriciona' de acuerdo con cualquiera de las reivindicaciones 1 a 4,

en donde el individuo pertenece a un grupo seleccionado de los siguientes:

un grupo con base en los ingredientes dietéticos primarios de la dieta diaria
o semanal del incividuo, que se determina al comparar los niveles de uno o
mas antioxidantes, fitoquimicos, vitaminas, minerales, lipidos, carbohidratos,
y proteinas provenientes de los alimentos de la dieta del individuo con Ics

niveles en un conunto de grupos predeterminados:

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



(lii) un grupo con base en un factor demografico.

El programa nutricional de acuerdo con cualquiera de las reivindicaciones 1 a 5,
en donde la determinacion dsl programa nutricional comprende seleccionar un
grupo de dieta entre los basados en vegetales, los basados en carne y los

basados en mariscos.

El programa nutricional de acuerdo con cualquiera de las reivindicaciones 1 a 6,

en donde la formulacion o formulaciones nutricionales comprenden:

(i)  menos de 500 calorias o0 menos del 25% de calorias diarias; y/o

(i) 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, rueces, semillas, envases de carne y/o mariscos,
hierbas, lipidos, comidas, bocadillos, guarnicidn, ensalada, postres, lacteos,
polvo, puré y/o yogur; y/o

(i) nutrientes seleccionados de fitoquimicos, lipidos, antioxidantes, vitaminas,
minerales, simbidticos, probioticos, prebioticos, microorganismos vy fibras;
y/o

(iv) articulos alimenticios enteros provenientes de fuentes naturales; y/o

(v) fuentes naturales de lipidos seleccionados de aceites, mantequillas,

margarinas, nueces y semillas; y/o

(vi) micronutrientes derivados total o parcialmente de fuentes naturales: y/o

(vii) liquidos, crema o parche para uso topico.

El orograma nutricional de acuerdo con cualquiera de las reivindicaciones 1 a 7,

en donde la formulacién o formulaciones nutricionales proporcionan:

(i) una ingesta dietética diaria parcial o completa de nutrientes para el
individuo; y/o



10.

(ii)

(iif)

(iv)

suplementos, equilibrios o reemplazos del consumo de alimentos diarios del
individuo con base en el grupo del individuo o el consumo de lipidos del

irdividuo; y/o
a menos 25%, preferiblemente al menos 50% o mas preferiblemente al
menos 80% de una ingesta total de calorias diaria o semanal para el

individuo; y/

la saciedad y preferencia dietética del individuo.

El programa nutricional de acuerdo con cualquiera de las reivindicaciones 1 a 8,

en donde:

(i)

la formulacibn o formulaciones nutricionales comprenden articulos
alimenticios que se seleccionan con base en los métodos de procesamiento
empleados para preparar la formulacion o articulo alimenticio, y en donde el
procesamiento no se selecciona o se selecciona de descascarar, retirar una

capa, deshidratar, proporcionar en fresco, asar y asar a la parrilla; y/o

los nutrientes de los alimentos se extraen, y se incorporan en una
“ormulacion para la administracién como liquido, polvo seco, crema o

oarche topico.

El programa nutricional de acuerdo con cualquiera de las reivindicaciones 1 0 3 a

9, en donde;

(i)

(i)

(iii)

la formulacion o formulaciones nutricionales comprenden éacidos grasos
omega-3, en donde la proporcion de acidos grasos omega-6 a omega-3 es
de 1:1a210:1, 10:1 a2 20:1 o de 20:1 a 50:1; y/o

los acidos grasos omega-6 son del 20-70% en peso de los lipidos totales;
y/o.

la formulacion o formulaciones nutricionales comprenden acidos grasos

omega-3, en donde la dosis de acidos grasos omega-3 es de menos de 2
gramos.



11.

12.

El programa nutricional de acuerdo con cualquiera de las reivindicaciones 1 a 10,

en donde:

(i)

(iif)

(iv)

(Vi)

la formulaciéon o formulaciones nutricionales comprenden acidos grasos
omega-9, en donde la proporcién de acidos grasos omega-9 a omega-6 es

menor de 4:1; y /o

la formulacion o formulaciones nutricionales comprenden acidos grasos
mono insaturados y poliinsaturados, en donde la proporcion de &cidos

Jrasos mono insaturados a poliinsaturados es menor de 4:1; y/o

la formulacién o formulaciones nutricionales comprenden acidos grasos
omega-9, en donde Ics &cidos grasos omega-9 son de 10-30% o 30-60% en

peso de los lipidos totales; y/o

Ios acidos grasos omega-6 son de 30-70% en peso de los lipidos totales; y/o

la formulacion o formulaciones nutricionales comprenden acidos grasos
cmega-3, en donde los &cidos grasos omega-3 son menores del 20% o
menores del 10% en peso de los lipidos totales; y/o

la dosis de los acidos grasos omega-6 es menor de 35 g, 0o menorde 25 g, o

menor de 10 g; y/o

le formulacion o formulaciones nutricionales comprenden acidos grasos
omega-3, en donde la dosis de los acidos grasos omega-3 es menor de 1 g
0 menorde 0.5 g.

El programa nutricional de azuerdo con cualquiera de las reivindicaciones 1 a 11,

en donde la formulacion o formulaciones nutricionales comprenden:

(i)

(ii)

(iii)

uno o mas polifenoles, uya dosis es de 5-140 mg o de 140-300 mg; y/o
folato, cuya dosis es de 100-500 mcg o 500-1000 mcg; y/o

uno o mas fitosteroles, cuya dosis es de 150-550 mg o de 550-1000 mg: y/o



13.

(vi)

(vii)

(viii)

(ix)

17

uno o mas carotenoides, cuya dosis es de 100-1000 mcg o de 1000-5000

mcg, o de 5000-14000 mcg; y/o

betaine y/o colina, cuya dosis es de 25-100 mg, o de 100-400 mg, o de 400-
600 mg; y/o

antioxidantes, cuya dosis es de 100-500 mg, o de 500 mg - 4 g, o de 4-10 g;
ylo

selenio, cuya dosis es de 5-55 mcg, o de 55-95 mcg, o de 95-135 mcg; y/o
una o mas fibras, cuya dosis es de 1-10 g, o de 10-30 g, 0 30-50 g; y/o

vitamina E alfa/gama de 0 001-0.01%, o de 0.01-0.15%, o de 0.15-0.30% en

peso de los lipidos totales.

Un método para proveer nutriciéon a un individuo, donde el método comprende

las etapas de:

(a)

(b)

determinar para el individuo un grupo con base en las preferencias

alimentarias y/o un factor demogréfico; y

sobre la base del grupo dietario, seleccionar un programa nutricional para el
individuo, incluyendo al menos una formulacion nutricional que comprende
una fuente de fitoquimicos, una fuente de acidos grasos omega-6, y una

fuente de antioxidante,

en donde la formulacién o formulaciones del programaa nutricional
comprenden en conjunio una dosis diaria de 1 a 40 g de acidos grasos

omega-6, y de 25 mg a 10 g de antioxidantes.

14. El métcdo de acuerdo con la reivindicaciéon 13, en donde:

(i)

el fitoquimico se selecciona de un grupo que consiste en monofenoles,
polifenoles, carotenoidss, monoterpenos, saponinas, lipidos, triterpenoides,

betalainas, organosul‘urados, indoles, glucosinolatos v compuestos de
azufre; ylo



(i)

(iif)

los acidos grasos de omega-6 comprenden uno o mas acidos grasos
seleccionados de un grupo que consiste en acido linoleico (C18:2), acido
linoleico conjugado (C18:2), acido gamma-linolénico (C18:3), acido
eicosadienoico (C20:2), acido di-homo-gamma-linolénico (C20:3) y acido

araquidonico (C20:4); y/o

2l antioxidante se selecciona de un grupo que consiste en flavonoides,
‘lavonas,  isoflavonas, catequinas, antocianidinas, isotiocianatos,
carotenoides, sulfuros alilicos, polifenoles, terpenos, limonoides,
“itosteroles, beta-caroteno, acido ascérbico (vitamina C), &cido fdlico,
selenio, super-Oxido dismutasa (SOD), catalasa y glutation peroxidasa

.GSHpx), coenzima Q10 (CoQ10), glutation y vitamina E.

15. El método de acuerdo con la reivindicacion 14, en donde:

16.

T

18.

(1)

(ii)

uno o mas polifencles se seleccionan de un grupo que consiste en
flavonoides, acidos fendlicos, lignanos, estilbenos, punicalaginas, acidos

hidroxicinamicos y tirosoles; y/o

uno o mas fitostercles se seleccionan de un grupo que consiste en

campesterol, sitosterol, gama-sitosterol y estigmasterol.

El metodo de acuerdo cor la reivindicacion 13, en donde el programa nutricional

comgrende una pluralidad de articulos alimenticios y/o suplementos que

comprenden fitoquimicos, lipidos, antioxidantes, vitaminas, minerales, simbidticos,

probidticos, prebidticos, microorganismos y fibras o combinaciones de los

mismos.

El metodo de acuerdo con cualquiera de las reivindicaciones 13 a 16, en donde el

programa nutricional propcrciona una dosis de polifenoles mayor de 5 mg

El metodo de acuerdo con cualquiera de las reivindicaciones 13 a 17. en donde el

individuo pertenece a un grupo seleccionado de los siguientes:



19.

20.

(i) un grupo con base en los ingredientes dietéticos primarios de la dieta diaria
o semanal del individun, que se determina al comparar los niveles de uno o
mas antioxidantes, fitoquimicos, vitaminas, minerales, lipidos, carbohidratos,
y proteinas provenientes de los alimentos de la dieta del individuo con los

n veles en un conjunto de grupos predeterminados;

(i) un grupo con base en el consumo diario promedio de uno o mas granos,
vegetales, frutas, Il=gumbres, lacteos, carnes, mariscos, hierbas,

edulcorantes y bebidas.

El método de acuerdo con cualquiera o varias de las reivindicaciones 13 a 18, en
donde la determinacion del programa nutricional comprende seleccionar un
grupo de dieta entre los basados en vegetales, los basados en carne y los

basados en marisco.

El método de acuerdo con zualquiera de las reivindicaciones 13 a 19, en donde
la  formulacion o formulaciones nutricionales, articulos alimenticios y/o

suplementos comprenden:

(i)~ menos de 500 calorias 0 menos del 25% de calorias diarias; y/o

(i) 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,
Fierbas, lipidos, comidas, bocadillos, guarnicién, ensalada, postres, lacteos,
polvo, puré y/o yogur; y/o

(iii)  articulos alimenticios enteros provenientes de fuentes naturales; y/o

(iv) fuentes naturales de lipidos seleccionados de aceites, mantequillas,

margarinas, nueces y semillas; y/o

(v) micronutrientes derivados total o parcialmente de fuentes naturales: ylo

(vi) articulos alimenticios suficientes para suplementar la dieta del consumidor

y/o uno o mas nutrientes seleccionados para suplementar un grupo; y/o



21.

22,

23.

(vii) liquidos, crema o parche para usa topico.

El método de acuerdo con cualquiera de las reivindicaciones 13 a 20, en donde la

formulaciéon o formulaciones nutricionales, articulos alimenticios y/o suplementos

proveen:

(i)

(iii)

(iv)

una ingesta dietética diaria parcial o completa de nutrientes para el individuo;

y/o

suplementos, equilibrios o reemplazos del consumo de alimentos diarios del
individuc con base en el grupo del individuo o el consumo de lipidos del

individuo; y/o
al menos 25%, preferiblemente al menos 50% o mas preferiblemente al
menos 80% de una ingesta total de calorias diaria o semanal para el

individuo; y/o

la saciedad y preferencia dietética del individuo.

El método de acuerdo con cualquiera de las reivindicaciones 13 a 21, en donde:

(1)

(i)

la fo-mulacion o formulaciones nutricionales o articulos alimenticios se
seleccionan con base en los métodos de procesamiento empleados para
preparar la formulacion o articulo alimenticio, y en donde el procesamiento
no se selecciona o se selecciona de descascarar, retirar una capa,

deshidratar, proporcionar en fresco, asar y asar a la parrilla; y/o

los nutrientes de los alimentos se extraen, y se incorporan en una
formulacién para la administracion como liquido, polvo seco, crema o

pa-che topico.

El métcdo de acuerdo con cualquiera de las reivindicaciones 13 a 22, en donde

la formulacion o formulaciones nutricionales, articulos alimenticios y/o

suplemrentos comprenden:

(i)

acidos grasos omega-3, en donde la proporcion de acidos grasos omega-6
aomega-3 esde 1:1 2 10:1, 10:1 a 20:1 o de 20:1 a 50:1; y/o

o

10



24,

25,

(iii)

10

acidos grasos omega-6 son mayores que el 20% en peso del total de

lipidos; y/o

acidos grasos omega-3, en donde la dosis de los acidos grasos omega-3 es

menor que 2 gramos.

El método de acuerdo con cualquiera o varias de las reivindicaciones 13 a 23, en

donde la formulacion o formulaciones nutricionales, articulos alimenticios y/o

suplementos comprenden:

(iii)

(iv)

(vi)

(vii)

acidos grasos cmega-9, en donde la proporcion de acidos grasos omega-9 a

omega-6 es menor de 4:1; y /o

acidos grasos mono insaturados y poliinsaturados, en donde la proporcion

de acidos grasos mono insaturados a poliinsaturados es menor de 4:1; y/o

acidos grasos omega-9, en donde los acidos grasos omega-9 son de 10-

30% o 30-60% en peso de los lipidos totales; y/o

acidos grasos omega-6 de 30-70% en peso de los lipidos totales; y/o

acidos grasos omega-3, en donde los acidos grasos omega-3 son menores

del 20% o menores del 10% en peso de los lipidos totales; y/o

acidos grascs omega-6 en una dosis menor de 35 g, o menor de 25 g, o

menor de 10 g; y/o

acidos grasos omega-3, en donde la dosis de los acidos grasos omega-3 es

menor de 1 g o menor de 0.5 g.

El método de acuerdo con cualquiera de las reivindicaciones 13 a 24, en donde

la formulacion o formulaciones nutricionales, articulos alimenticios y/o

suplementos comprenden:

(i)

(i)

uno o mas polifenoles, cuya dosis es de 5-140 mg o de 140-300 mg; y/o

folato, cuya dosis es de 100-500 mcg o 500-1000 mcg; y/o

2



26.

i)

(iv)

(Vi)

(vii)

(viii)

(ix)

11

uno o mas fitosteroles, cuya dosis es de 150-550 mg o de 550-1000 mg; y /o

uno o mas carctenoides, cuya dosis es de 100-1000 mcg o de 1000-5000
mcg, o de 5000-14000 mcg; y/o

betaina y/o colina, cuya dosis es de 25-100 mg, o de 100-400 mg, o de 400-
600 mg; y/o

antioxidantes, cuya dosis es de 25-500 mg, o de 500 mg - 4 g, o de 4-10 g;
ylo

selenio, cuya dcsis es de 5-55 mcg, o de 55-95 mcg, o de 95-135 mcg; y/o

una o mas fibras, cuya dosis es de 1-10 g, o de 10-30 g, 0 30-50 g; y/

vitamina E alfa/gama de 0.001-0.01%, o de 0.01-0.15%, o de 0.15-0.30% en

peso de los lipidos totales.

El método de acuerco con cualquiera de las reivindicaciones 13 a 25, en donde

se prepara una lista para el individuo, la cual proporciona:

(1)

(ii)

(iii)

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

y/o

una recomendacion para el consumo de articulos alimenticios durante al

menos una semana; y/o

los articulos almenticios que no deberan estar incluidos en la dieta diaria
del individuo; erticulos alimenticios que deberan estar limitados en la dista
diaria del individuo; o articulos alimenticios que se deberan agregar a la

dieta diaria del individuo.
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27. Un sistema computarizado para implementar computacionalmente el método de

acuerdo con cualquiera de las reivindicaciones 13 a 26, caracterizado porque

comprende:

(a)

un dispositivo de computadora que tenga una memoria;

un dispositivo de ertrada para ingresar la informacion que se relacione con

la ingesta dietética actual del individuo en la memoria;

una base de datos en la memoria para almacenar la informacion;

un primer médulo de programa, para la ejecucién en el dispositivo de
computadora, para determinar un grupo de dieta del individuc
correspondiente a la ingesta dietética actual del individuo; en donde el grupo

de dieta del indivicuo se:

(i) predetermina e ingresa directamente en el dispositivo de

computadora; y/o

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

(i) selecciona de basado en vegetales, basado en mariscos y basado en

carnes;

una base de datos de nutrientes para almacenar los lineamientos dietéticos
con relacion a los grupos de dieta de individuos; en donde la base de datos
de nutrientes comprende las variaciones adecuadas para el consumo
dietético diario promedio de nutrientes correspondiente a cada grupo de
dieta, y/o las variaciones adecuadas para un consumo dietético diario de

carbohidratos, proteina, vitaminas, minerales y fitoquimicos;

una base de conocimientos en la memoria que tenga reglas para manipular
la informacior en la base de datos para proporcionar un programa dietético
futuro recomendado para el individuo, el programa dietético comprende uno
o mas nutrientes seleccionados de antioxidantes, fitoquimicos, fitosteroles,
vitaminas y minerales en cantidades que optimicen los nutrientes dietéticcs

para proporcionar un efecto benéfico al individuo, cuando se obtienen a



13

partir de los alimentos listados en el programa al menos el 25% u
opcionalmente al menos el 70% de las calorias diarias promedio del

individuo;

un segundo modulo de aplicacion, para ejecucion en el dispositivo de
computadora, para aplicar las reglas en la base de conocimientos para |z
informacion en la base de datos y a los lineamientos en la base de nutrientes
y para generar un programa de nutricion para el usuario en una base de

datos de resultados; y

medios para transfzrir el contenido de la base de datos de resultados, bajo la

direccion del segundo modulo de programa,

en donde el programa de nutricion comprende un listado de formulacion o
formulaciones y opcionalmente articulos alimenticios para el consumo diario

por el individuo.
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REPUBLIC OF COLOMBIA
SUPERINTENDENCE OF INDUSTRY AND TRADE
In re the Applicatior of:
Asha Nutrition Sciences, Inc.
Application No. 13-103.374
Filed: April 23, 2013

For:  OPTIMIZED NUTRITIONAL FORMULATIONS, METHODS FOR SELECTION
OF TAILORED DIETS THEREFROM, AND METHODS OF USE THEREOF

DECLARATION

Mr,
SUPERINTENDENT OF INDUSTRY AND COMMERCE
DIVISION OF NEW CREATIONS

S

I, Kent L. Erickson, hereby declare:

[001] Ireceived a Ph.D. in Anatomy from Oregon Health and Sciences University,
Portland, OR, and I serformed post-doctoral work at Oregon Regional Primate Research Center
in the field of Dermatology. [ served as a Scizntist in the Cancer Metastasis and Treatment
Laboratory at the Nztional Cancer Research [astitute, National Institutes of Health, Frederick.
MD. Talso served as a Researcher at the National Institute of Arthritis, Musculoskeletal and
Skin Diseases of the National Institutes of Health, Bethesda, MD. [ was an Underwood Fellow
of the Biotechnology and Biological Sciences Council-UK and worked in the Centre for Stem
Cell Biology at the University of Sheffield, UK. 1 served as Chair of the Department of Cell
Biology & Human Anatomy at the University of California, Davis, School of Medicine for 17
years, [ also served as a member of the editorial board of the Journal of Nutrition for 4 years: the
American Journal of Clinical Nutrition for 6 years and the Journal of Food Science and Nutrition

for 16 years. I am currently one of the Editors of the British Journal of Nutrition as well as the

N



Joumal of Nutritional Sciznces. From 1975 0 2013, I was employed as a prcfessor by The
University of Californiz, Davis, Scheol of Medicine; I currently hold the pasition of 2rofessor

and Chairman Emeritus.

[002] 1am nct an inventor, appkcant, owner, or zssigree of the ebove-referenced patent
application. I serve on “he Scientific Advisory Board (SAB) of Asha Nutrition Sciences, thz
assignee of the subject application. I have been allotted a modest amcunt o~ stock ortion gran:
as compensation for my SAB role. 1 havz not received any compensaior: specifically for

preparing this declaration.

[003] 1 have reac the internztional publication dccument WO 2012/051591, which
corrzsponds to the abcve-referenced patent application. Throuzhout tais declaration thz
paragraph numbers mentioned in reference to the current patent application. correspend to the
international publication document WO 2012/051591. I have also read the amended claims 1-27
being filed with the Officz in November 2075. Further, I have reed zll thz other docurrents

refe-enced in this declaration.

[004] 1 interact with many professionals in my career who pessess ordinary skills in tae
art, such as doctors, scientists, nurses, dizticians, nutritiorists, anc thz lik2 (“skilled ert-sans™).
These professionals typically have advanced degrees suck as mascers, Ph Ds., and/or M..Ds. 12m
closely aware of the knov/ledge and skil_ levels of such professionals. I em confident in

declaring that the “ollowing matters are clear to me and would be clear to other skilled artisanc.

[005] The amerded indeperde=: claims 1, 2, and 13 are as follows:

I. A nutritional prozram for an irdividual, including at lezst one nutritional formulation camprising a
source of phvtochemical, a source -f omega-6 fatty acids, and a source of antioxidant, wherein
formulation(s) cf the nutritional prcgram collectively comprise a daily dosagz of 1 to 40g of omega-6
fatty acids ard Z5mg-10g of antio:adants.

2. A nutritional prozram for an irdividual, including at lezst one nurritional formulation camprising
mixture of lipids from different sources, whereby the farmulazion(s) of the pregram collzctively
provide 21 daily dosage of omega-6 and omega-3 fatty acids at an omega-6 to cmega-3 retic of 5.1 oc
greater and a daily dosage of 25mz-10g of antioxidants to the indivicual, wherein:

(i) the omega-5 fatty acids a-= greater than 20% by weight of total lipids: o
(ii) the dosage >f omega-6 fatty ac ds s less than 40g end the dosage of omega-3 fatty acids is ess
thar 2g.

13. A methed fo- previding nutrition to an individual, the method comprising the steps of:

(a) determining for the indiv:dua. a cahort based on diztary preferences and.’cr a demograshic “actor;
and

0L



(b) on the basis of the cohort selecting a nutritional program for the individual, including at least one
nutritional formulation comprising a source of phytochemical, a source of omega-6 fatty acids,
and a source of antioxicant, wherein formulation(s) of the nutritional program collectively
comprise a daily dosage of | to 40g of omega-6 fatty acids and 25mg-10g of antioxidants.

The subject matter of clairrs 1, 2, and 13 (and dependent claims) is clearly,
unambiguously, and directly obtained from the specification. For example. paragraph 13
explicitly recites, “one or more (e.z., from 2 to 10) nutritional formulations that collectively
make up a nutritional program for an individual.” In light of the specification “nutritional
program™ means one or more nutr-tional formulations (see paragraphs 11, 13, 15, and 38, for
example. Further, in light of the specification “nutritional management system™ is synonymous
with “nu-ritional program™ (see paragraphs 5, 15. 17, and 20, for example). Rest of the elements
m claims 1, 2, and 13 are clearly, unambiguously, and directly obtained from paragraphs 9, 21,

25,26, 151, 153, 161, 164, and 1€5, for example.

(006] ~ All the elements ard limitations in claims 1-27 are perfectly clear in light of the
disclosure. The terms used in claims 1-27 are standard terms used in the art, a skilled person car
undoubtedly understand their mezning. For example, the terms, “less than, at least, amounts,
Jood items " are routinely used in “he art. Further, the terms and the ranges used in the claims are
clear. For example, it has been disclosed throughout the specification that the requirement for
the recited nutrients can be affected by presence of other nutrients, additionally it has been
disclosed that the formulations may be in form of supplements or entire diet (for example. see
paragraphs 25, 26, 131, amended claim 8 and 21). Therefore, presence of alternate ranges is

reasonable and the skilled person has been well directed how to practice the ranges.

[007] The reference D3, “Omega-6 Fatty Acids and Health Fact Sheet” published by
Internat onal Food Information Council Foundation on June 5, 2009, teaches omega-6 to omega-
3 ratio cf 2:1-5:1 (page 3 paragraph 2), which is outside the range of 5:1 or greater claimed in
mstant claim 2. Further, there is no teaching of daily dosage of antioxidants in D5. Furthermors,
there is no teaching of daily dosage of total omega-6 or omega-3 in DS. The table on page 3 of
DS merely teaches daily dosage of “Essential Omega-6 and Omega-3 Fatty Acids:
Recommended and Usual Intakes” (see title of the Table). Essential omega-6 and omega-3
refers ta linoleic acid and alpha-linoleic acid, confirmed in column 1 of the table, not total

omega-5 and omega-3. Furthermore, D5 does not teach “mixturc of lipids from different
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sources” “wherein, omega-6 fatty acids are greater than 20% by weight of total lipids.” Tae

table at page 2 of D5 merely _ists some sources of cmeza-6 fatty acids. There is no “eccting
anywhere in th2 document regarcing which sources to choose. For examrle, if one selzc:s
canola oil and flaxseed oil in 2qual sarts the resultirg omega-6 to omega-3 rztio would be 1:1 88.

Therefore, D5 does not meet the [imitations recited in any of the instant claims 1, 2, or 1.

[008] The subject patent application hes dizclcsed important factors that were neither
common-know edge nor well kncwn or routine in the prior art regarding omega-6, omega-3 fetty
acids, antioxidants, and phytochemicals in general. The disclosure explains at grzat leagth that
phytochemicals have strong propzrtizs including antioxidant ar.d oxidant actions, and that
antioxidants ard phytochemicals can reduce the tolerarce for omega-3 fatty acids and iacrease
the requirement of omega-6 fatty acids, and that such actions are not just attributable t>
antioxidant actions of phytochemicals (see paragrazas 38, 59 and 78). The disclosu-e also
explains that antioxidants have a nz:row window of healthful eZfects (paregraphs 79-81). The
disclosure further explains that phytcchemicals anc antioxidants can suppress a rumber of
inflammatory pathways and that excessive suppression may be problemat:c (see parag-aph 4,
101 and 102). The disclosure also “eaches omega-6 dosage to te critical for aealh (sez
paragraph 69, 73, 164, examples 6-14). Therefore, the disclosure specifically teaches usoer

limits on daily dosage of omega-€, zntioxidants, anc various phytochemicals

[009] 12 contrast, pricr art widely-held the belief that omega-6 is inflammatory and
omega-3 is anti-inflammatory, ir: the drior art, when :n-vitro and/or in-vivo omege-6 evels or the
metabolites of omega-6 are found tc be suppressed brv certain nutrient(s) or omege-3 aptake or
metabolism is enhanced by a cer-air rutrient(s). the rutrient(s) is (are’ recommerded as anti-
inflammatory ard its use is encouraged. For exampls, prior art has recommended use of vitamin
E, curcumin, flzvonoids, and other phytochemicals fcr suppression of PGE2 an arach:donic acid
(omega-6) metabolite, assumed to b2 :nflammatory, cr inhibitior. of cycloxygenases (COX-1 and
-2), enzymes responsible for fcrmation of PGE2 (W D. et al. Am J Physior. 1998 Sep;275(3 P!
1):C661-8; Shar et al., Biochemical Fharmacolzgy, Vol. 58, pp. 1167-1172, 1999 O'Leary et
al. Mutat Res. 2004 Jul 13;551(1-2):245-54). Prior to the filing of the subject application, one of

ordinary skill in the art would have thought that it was beneficial to suppress omega-6 activ:ty



(and the activity of cyclooxygenases). However, the current patent application teachzs that long-

term deficiency and/or suppression of omega-6 activity is harmful (see para 101-104;.

(0010] Further, the significance of “total lipids™ as a category is not well understood in
the art, even though the definition/classification of lipids is very well known (see Fahv et ai. J.
Lipid Res. 2005. 46:839-861, and The Nomenclature of Lipids, J Lipid Res. 1978
Jan:19(1):114-28). The effect of important lipid components, such as various phytochemicals in
health and physical and chemical properties of formulations is not well understood. Food
labeling practices routinzly ignore important lipid components. Further, various authoritativa
nutrient databases (such as USDA databases) miss to report several important lipids and
significance of “total lipids™ as a category. Even authoritative guidelines do not recognize the
significance of “total lipids™ as a category as evidenced by FDA Nutrition Facts Labeling
“equirements (http:/‘'www.fda.gov/Food/ IngredientsPackagingLabeling/
':uhg]iggN_utgili_oﬂ-‘"yc_n_g?_igﬁ,jn_nﬁs_eg) and Dietary Guidelines for Americans
h_l_lp.:-"_-_-"w;“;w:_s:.ﬂpp-usgal;gg\_-‘x_iSiiMe_f'imm'ﬁ1gsii_i:sm_rx_gui_dzli..n_@_s_fb_r_ americans/ PolicyDoc.pdf.
Typical disclosure is of toral fat and omega-6/omega-3 as percent of fat, percent of fatty acids or
parcent of calories. For thase reasons, unless a reference expressly teaches the effect of various
livid components on omega-6/omega-3 requirements and/or specifically teaches to obtain
omega-6/omega-3 as a ratio of total lipids, one cannot presume that skilled artisans will be know

to obtain omega-6/omega-3 as a ratio of total lipids.

[0011] I further declare that all statements made herein of my own knowledge are true
and that statements made of information and belief are believed to be true. 1 further
acknowledge that any willful false statements and the like so made are punishable by fine or
imprisonment, or both, and may jeopardize the validity of the application or any patent 1ssung

therefrom.

Ket L Erichron Date: November 17. 2015
Kent L. Erickson, Ph.D.



REPUBLIC OF COLOMBIA
SUPERINTENDENCE OF INDUSTRY AND TRADE
In re the Application of:
Asha Nutrition Sciences, Inc.
Application No. 13-103.374
Filed: April 23, 2013

For:  OPTIMIZED NUTRITIONAL FORMULATIONS, METHODS FOR SELECTION
OF TAILORED DIETS THEREFROM, AND METHODS OF USE THEREOF

ECLARATION

Mr.
SUPERINTENDENT OF INDUSTRY AND COMMERCE
DIVISION OF NEW CREATIONS

Sir:

I. Undurti N. Das, hereby declare:

[001] I received M.B.B.S. in Medicine (surgery and Obstetrics and Gynecology) “rom
Andhra Medical College, MD from Osmania Medical College in Internal Medicine and FAMS
from the National Academy of Medical Sciences in India and | am also a Fellow of the Roval
Society of Chemistry (FRSC). For past 30 years | have been investigating the role of
polyunsaturated fatty avids, particularly omega-6 and omega-3, in various diseases, and
understand their molecular mechanism of action. The results obtained in my investigation have
been published in more than 400 publications in international journals. | have also written three

books on the subject. I serve on editorial boards of several nutrition science journals.

[002] T am not an inventor, applicant, owner, or assignee of the above-referenced patent
application. I have not received compensation, financial or otherwise, for preparing this

declaration. 1 serve as Chief Medical Officer and Chairman of the Scientific Advisory Board of



Asha Nutriticn Sciences, the ass.gnee of the subject zpplication. 1 have been allotted a mocest

amount of stock option grant as compensation for these roles.

[003] 1 have read the international publicatizn documert WO 2012/051591, which
corresponds to the above-referenced patent applicaticn. Throughout this declaration the
paragraph numbers mentioned n reference to the cnrent patent application, correspond to the
international publication document WO 2012/052591. 1 have also read the amended claims _-27
being filed with the Office in November 2015. Further, [ have read all the other docaments

referenced in this declaration.

[004, 1 interact with many professionals .n my career who possess ordinary skills in tke
art, such as doctors, scientists, nurses, dieticians, Jutritionists, and the like (“skilled artisans”).
These professionals typically have advanced degrees such as masters, Ph.Ds., and/or M.Ds. Tam
closely aware of the knowledge and skill levels of such professiorals 1 am confident in

declaring that the following matters are clear to me and woul< be :lear to other skilled artisans.

[005] The amended independent claims 1, 2, and 13 are as follows:

1. A nutritional program for an individual, irchaing at least cne ratritional formulatior. comprising a
source of phytochemical, a source of omege-€ fatty acids, and a sou-ce o” antioxidant, whereir.
formulation(s) of thz nutritional program ccllectively comprise = da.ly dosage of I to 40g of omegz-6
fatty acids and 25mg-10g of antioxidants

A nutritional program for an individual, mch ding at least one r.atriziona. formulation comprising

mixture of lipids from different sources, whzreby the formulation(s) of the program collectively

provide a daily dosage of omega-6 and emega-3 fatty acics at an omega-6 to omege-3 ratio of 5:1 or

greater and a daily dosage of 25mg-10g of antioxidants tc the individua., wherein:

(i) the omega-6 fatty acids are greater than 20% by weignt of totel lipids; or

(i) the dosage of omega-6 fatty acids is |55 than 40g and the Josage of omega-3 fatty acids is less
than 2g.

o8]

15. A method for providing nutrition to an .ndividual, the method comprising the steps o
(a) determining “or the individual a cohort based on dietary preferenczs and/or a demographic facter;
and
(b) on the basis >f the cohort selecting a ntritional program for the individual, including at least one
nutritional formulation comprising a source of phytocheicel, a source of omega-6 fatty azids,
and a source of antioxidant, whereir formulation(s™ of tha nutritional prograr collectively
comprise a daily dosage of 1 to 40g o~ omega-6 fatty ac ds end 25mg-10g of antioxidants.

The subject matter of claims 1, 2, and (3 (and dependznt claims) is clearly,
unambiguously, and directly obtained from thz specification. Fer example, paragraph 13
explicitly recites, “one cr more (e.g., from 2 to 10) nutritionz. formulations that collectively

make p a nutritional program for an individual.” In ligat of the specification “nutritionel

2
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program” rmeans one or more nutritional formulations (see paragraphs 11, 13, 15, and 38, for
example). Further, in light of the spzcification “nutritional management system” is synonymous
with “nutritional program” (see paragraphs 3, 15, 17, and 20, for example). Rest of the elements
in claims 1, 2, and 13 are clearly, unambiguously, and directly obtained from paragraphs 9, 21,

25,26, 151,153, 161, 164, and 165, for example.

[006] ~ All the elements and limitations in claims [-27 are perfectly clear in light of the
disclosure. The terms used in claims 1-27 are standard terms used in the art. a skilled person can
undoubtedly understand their meaning. For example, the terms, “less than, at least, amounts,
Jood items " are routinely used in the art. Further, the terms and the ranges used in the claims are
clear. For example, it has been disclosed throughout the specification that the requirement for
the recited nutrients can be affected by presence of other nutrients, additionally it has been
disclosed that the formulations may be in form of supplements or entire diet (for example, see
paragraphs 25, 26, 131, amended claim 8 and 21). Therefore, presence of alternate ranges 1s

reasonable and the skilled person has been well directed how to practice the ranges.

[007]  The reference D3, “Omega-6 Fatty Acids and Health Fact Sheet” published by
International Food Information Council Foundation on June 5, 2009, teaches omega-6 lo omega-
3 ratio of 2:1-5:1 (page 3 paragrapt 2), which is outside the range of 5:1 or greater claimed in
instant claim 2. Further, there is no teaching of daily dosage of antioxidants in DS. Furthermore.
there is nc teaching of daily dosage of total omega-6 or omega-3 in D5. The table on page 3 of
D5 merely teaches daily dosage of “Essential Omega-6 and Omega-3 Fatty Acids:
Recommended and Usual Intakes™ (see title of the Table). Essential omega-6 and omega-3
refers to | noleic acid and alpha-linoleic acid, confirmed in column 1 of the table, not total
omega-6 and omega-3. Furthermore, D5 does not teach “mixture of lipids from different
sources™ “wherein, omega-6 fatty acids are greater than 20% by weight of total lipids.” The
table at page 2 of DS merely lists some sources of omega-6 fatty acids. There is no teaching
anywhere in the document regarding which sources to choose. For example, if one selects
canola oil and flaxseed oil in equal parts the resulting omega-6 to omega-3 ratio would be 1:1.88.

Therefore, DS does not meet the limitations recited in any of the instant claims 1, 2, or 13



[008] The subject patent aoplication nas disclosed inrportant factors that were neither
common-knowledge nor well known or routine ir. the pricr art rega-ding omega-6, orega-3 fatty
acids, antioxidants, and phytoctemicals in general. The disclosure explains at great length that
phytochemic:zls have strong prcperties including antioxidant and oxidant actions, and that
antioxidants and phytochemicals can reduce the tolerance for omega-3 fatty acids and increase
the requirement of omega-6 fatty acids, and that such actions are not just attributable o
antioxidant actions of phytochemicals (see paragrzphs 58, 59 and 78). The disclosure also
explains that antioxidants have a rerrow window of healthful effects (paragraphs 79-81). The
disclosure fur-her explains that bhytochemica’s and aatioxidaats can suppress a numoer of
inflammatory pathways and tha- excessive suppression may be problematic (see paragraph 4,
101 and 102). The disclosure also “eaches omega-5 dosage to be critical for health (see
paragraph 69, 78, 164, examples 5-14). Thereforz. thz disclosure specif.cally teaches upper

limits on daily dosage of omega-6. antioxidants, aad various phytochemicals.

[009] In contrast, prior art widely-held the belief -hat omega-6 is inflammetory and
omega-3 is ar-i-inflammatory, in th2 prior art, when in-vit-o and/or in-vivo omzga-5 levels or the
metabolites 0 omega-6 are found te be suppressed by certain nutrient(s) or omzga-3 uptake or
metabolism is enhanced by a certair. nutrient(s), ths nutrient(s) is (are) recommended as anti-
inflammatory and its use is encourazed. For examnole, prior ar: has recommended use of vitamin
E, curcumin, davonoids, and other phytochem:zals for suppression of PGE2 an arachiconic acid
(omega-6) metabolite, assumed to bz inflammatory, or inhibition of cyclexygenases (COX-1 and
-2), enzymes rzsponsible for format on of PGE2 (¥ u D. et al. Am J Physiol. 1998 S2p:275(3 Pt
1):C661-8; Skah et al., Biochemiccl Pharmacclogy. Vol. 58, pp. 1167-1172 1999; O Leary et
al. Mutat Res. 2004 Jul 13;551(i-2):245-54). Prio- to the filing of tae sudject epplizaion, one of
ordinary skill in the art would havz thought that it was benzficial to suppress omega-6 activity
(and the activity of cyclooxygenases). However, th-2 c.rrent patent application teaches that long-

term deficiency and/or suppression of omega-6 activity is harmful (see para 101-104).

[0010] Further, the significance of “total lizids” as a category is not well understood in
the art, even though the definitio-vclassification of lipids is very well known (see Fchy et al. J.

Lipid Res. 2005. 46:839-861 and The Nomenclat:ve of Lipids, J Lipid Res. 1978



Jan:19(1):114-28). The effect of important lipid components, such as various phytochemicals in
health and physical and chemical properties of formulations is not well understood. Food
labeling practices routinely ignore important lipid components. Further, various authoritative
nutrient databases (such as USDA databases) miss to report several important lipids and
significance of “total lipids™ as a category. Even authoritative guidelines do not recognize the

significance of “total lipids™ as a category as evidenced by FDA Nutrition Facts Labeling

http://www.cnpp.usda.gov/sites/default/files/dictary_guidelines_ for_americans/ PolicyDoc.pdf,
Typica’ disclosure is of total fat and omega-6/omega-3 as percent of fat, percent of fatty acids or
percent of calories. For these reasons, unless a reference expressly teaches the effect of various
lipid components on omega-6/omega-3 requirements and/or specifically teaches to obtain
omega-6/omega-3 as a ratio of total lipids, one cannot presume that skilled artisans will be know

to obtain omega-6/omega-3 as a ratio of total lipids.

[0011] I further declare that all statements made herein of my own knowledge are true
and that statements made of information and belief are believed to be true. I further
acknowledge that any willful false statements and the like so made are punishable by fine or
imprisonment, or both, and may jeopardize the validity of the application or any patent issuing

theref-om.

( 1/ % Date: November 17, 2015

Undurti N. Das M.D., FAMS, FRSC
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Abstract  Lipids are preduced, transported, and reco znized
by the concerted actions of numerous enzymes, binding pro-
teins, and receptors. A comprehensive analysis of lipid mol-
ecules, “lipidomics,” ir. the context of genomics ard pro-
teomics is crucial to understanding cellular physiology and
pathology; consequently, lipid biology has become 2 major
research target of the postgenomic revolution and systems
biology. To facilitate international communication about lip-
ids, a comprehensive classification of lipids with a common
platform that is compatible with informatics requirements
has been developed to deal with the massive amounts of data
that will be generated sy our lipid community. As a1 initial
step in this development, we divide lipids into eight catego-
ries (fatty acyls, glycerslipids, glycerophospholipids, sphin-
golipids, sterol lipids, prenol lipids, saccharolipids, and poly-
ketides) containing distinct classes and subclasses of molecules,
devise a common manner of representing the chemical struc-
tures of individual lipkds and their derivatives, and provide
a 12 digit identifier for each unique lipid molecule. The lipid
classification scheme is chemically based and driven by the
distinct hydrophobic and hydrophilic elements that com-
pose the lipid. BF This structured vocabulary will faci'itate the
systematization of lipid biology and enable the cataloging of
lipids and their properties in a way that is compatble with

Manuseripl recovved 22 December 2004 and in revised form o Febrisary 2005,

Prolfasbed, JILR I’r,-]!rr-r_c i Press, Fetmary 16, 20005,
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other macromolecular databases.—Fahy, E., S, Subramaniam,
H. A. Brown, C. K. Glass, A. H. Merrill, Jr., R, C. Murphy,
C.R. H. Raetz, D. W, Russell, Y. Sevama, W, Shaw, T. Shimizu,
E. Spener, G, van Meer, M, 8. VanNieuwenhze, S, H, White,
J. Lo Witztum, and E. A. Dennis, A comprehensive classifica-
tion system for lipids. J. Lipid Res. 2005, 46: 839-861.

Supplementary key words  lipidamics » informancs » nomenclatire «
chemical representation » faty acyls « glycerolipids glycerophospho-
lipids = sphingalipids » sterol lipids » prenaol lipids » saccharalipids »
polyketides

The goal of collecting data on lipids using a “svstems bi-
ology™ approach to lipidomies requires the development
of a comprehensive classification, nomenclature, and chem-
ical representation system to accommodate the mvriad lip-
ids that exist in nature. Lipids have been loosely defined
as biological substances that are generally hydrophobic in
nature and in many cases soluble in arganic solvents (1),
These chemical properties cover a broad range of mole-

"The evaluation of this manuse ript was handled by the former
Editor-in-Chiefl Trudy Forte,
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cules, such as fatty acids, phosptoligids, sterols, sphingolio-
ids, terpenes, and others (2). The LIPID MAPS (LIPID Me-
tabolites Ard Pathways Strategy; attp //www. lipidmaps.org),
Lipid Library (http://lipidlibraryco.uk), Lipid Bank (h=:p://
lipidbank,jp), LIPIDAT (http://www.lipidat.chemistry ohio-
state.edu), and Cyoerlipids (Fup://www.cyberlipic org)
websites previde useful online resourzes for an overview cf
these molecules anc their structures. More accurate def-
nitions are possible when lipids zre considered from a
structural and biosyathetic perspective, and many differ-
ent classification schemes have been used over the years
However, for the purpose of comprehensivz classification,
we define lipids as hydrophob c or amphipathic smal

molecules that may originate entirely or in part by car
banion-based condensations of thioesters (fatty acids,
polyketides, etc.) and/or by carbocation-based condensa-
tions of isoprene units (prenols sterols, elc.). Addition-
ally, lipids have been oroadly subdiviced into “simple” and
“complex” groups, with simple lipids being those yielding
at most two types of products on hydrolysis (2.g., fatty ac-
ids, sterols, and acylglycerols) and complex lipids (e.g.,
glycerophospaolipids and glycosphingalipids) y elding thiree
or more procucts on aydrolysis. The elassification scheme
presented here orgarizes lipids into well-defined catezo-
ries that covar eukaryotic and prokaryotic sources and
that is equally appliczble to archaea and synthetic (man-
made) lipids.

Lipids may se categorized based on their chemically func-
tional backbone as pclyketides, acylgiycerols, sphingo.ip-
ids, prenols, cr saccha-olipids. However, for histor.cal and
bioinformatics advantzges, we chose to separate faity acvls
from other polyketides, the glycercphospho ipics fram
the other glycerolipids, and sterol lip ds from otler pre-
nols, resulting in a toal of eight primary categories. An
important aspzct of th.s scheme is that it allows for subdi-
vision of the main categories into dasses and subclasses -0
handle the existing and emerging arrays of _ipid struc-
tures. Although any classification schere is in part subjec-
tive as a result of the structural and dios'nthetic zomplex 1y
of lipids, it is an essential prerequisite for the organization
of lipid research and the development of systematic meth-
ods of data management. The classification schems pre-
sented here is chemically based and driven by the cistinzt
hydrophobic and hydrophilic elements that constitute the
lipid. Biosynthetically -elated compcounds that are not
technically lipids because of their water solubility are in-
cluded for completeness in this classification scheme,

The proposed lipid -ategories listec in Teble 1 have
names that are, for the most part, well zccepted in the li-
erature. The farty acyls (FA) are a diverse group of mole-
cules synthesized by chain elongatior. of an acetyl-CoA
primer with malonyl-CoA (or methylmzalonyl-CoA) groups
that may contain a cycliz functionality end/or are substi
tuted with heteroatoms. Structures with a glycerol group
are represented by two distinct categories: the glycerolip-
ids (GL), which include acylglycerols but also ercompass
alkyl and 1 Zalkenyl variants, and the glyzerophcspholipids
(GP), which are defined by the presencz of a phosphate
(or phosphonate) group esterified to ore of the glycerol

840 Journal of Lipid Research  Volume 46, 2005

hydroxyl groups. The sterol lipids (ST) and preno! lipids
(PR) share a common biosynthetic pathway vic the poly-
merization of dimethylallyl pyrophospaate/isopentenyl
pyrophosphate but have obvious differences ir terms of
their eventual st-ucture and function. Another well-defined
category is the sphingolipics 'SP), which contain a long-
chain base as their core structare. This dassificztion coes
not have a glycolipids category per se bu: rather oleces
glycosylated lipids in appropriate categories based c¢n the
identity of their core lipids. [t also was necessary to define
a category with the term “saccharolipids” (SL) to account
for lipids in which fatty acyl grcups are licked directly to a
sugar backbone. This L group is distinct trom the term
“glycolipid’ that was defined bty the International Union
of Pure and Applied Chemists (IUPAC) as a lipid in wh.ch
the fatty ac/l poriion of the mo ecule is present in a glyzo-
sidic linkage. The final category is the polketides [PK),
which are a diverse group of mewbolites from plant and mi-
crobial sourzes. Protein modification by lipids {e.g., Jatty acyl,
prenyl, cholesterol) occurs in nature; howevar, these pro-
teins are not included n this database but are listed in
protein datzbases such as GenBank (http://vavw.ncbinlm.
nih.gov) and SwissProt (http:/ /www.ebi.ac.uk/swissprot, ).

LIPID NOMENCLATURE

A naming scheme must urambiguously define a lipid
structure in a manner that is amenable to chemists, bicl-
ogists, and biomedical researchers. The iscue of lipid no-
menclature was last addressed in detail by the Irter-
national Union of Pure and Applied Chem sts and the
International Union of Biochemistry and Mc ecular biol-
ogy (IUPAC-IUBMB) Commission on Biockemical No-
menclature in 1975, which subsequently published its ec-
ommendations (3 . Since then, a number ¢ additional
documents relating to the naming of glycolipids (<), pre-
nols (5), and stero.ds (6) have been released by this conr
mission and placed on the [UPAC website (Ftipi/ /www.
chem.qmul.az.uk/iupac/;. A large number of novel lipid
classes have been discovered during the last three dzcades
that have not yet been systemarically named. The present
classification ncluces -hese new | pids and incorpo-ates a
consistent nomenclature,

In conjunction with our proposed classification scheme,
we provide examples of systematic (or semisystematic)
names for the varioas classes and subclasses of lipids. The
nomenclature proposal follows existing IUPAC-IUBMB
rules closely and should nct be viewed as a competir g for-
mat. The main differences invclve a) clarifizanon of the
use of core structures to simplify systematic naming of
some of the more complex lipids, and &) provision of sys-
tematic names for recently discovered lipid ckasses.

Key features of our lipic nomenclature scheme are as
follows:

a) The use of the stereospecific numbering (s+) mcthod
to describe glycerolipids and glycerophospholipids (3) The
glycerol group is typically acylated or alkylated at the sn-1
and/or sn-2 position, with the exception of some lipids
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Lipid categories and examples

Example

Ihexadecanoyl-2- (9 Zoctadecenovl )-on-glyceral
Fhexadecanovl-2-(9 Zoctadecen o) meglycero-3-phosphocholine
Mitetradecanovlj-sphing-4-enine

UDP-3- (3 R-hyelroxy-tetradecanovl ) -an-Macen]plucosamine
) ) vig

TABLE 1,
Category Abhreviation
Fatty acyls FA dodecanoic acid
Glycerolipids GL
Clycerophospholipids GP
Sphingahipids sp
Sterol lipids ST cholest-5-en-3f-0l
Prenol hipids PR 2E A farnesol
Saccharolipicls SL
Polyketides P

that contain more than one glveerol group and archaebac-
terial lipids in which sn-2 and/or sn3 modification occurs,

h) Definition of sphinganine and sphing-4-enine as core
stmaures for the sphingolipid category. where the D-erythro
or 20.3R configuration and 45 geometry (in the case of
sphir g-<-enine) are implied. In molecules containing ste-
reoct emistries other than the 2§,2R configuration, the full

aflatoxin B,

systematic names are (o be used instead (e.g., 2Ramino-
1.3 R-octadecanediol).

¢} The use of core names such as cholestane, andro-
stane, and estrane for sterols,

d) Adherence to the names for fay acids and acyl chains
(formyl, acetyl, propionyl, butyryl, etc.) defined in Appen-
dices Aand B of the IUPAC-IUBMB recommendacions (3).

e —————— e

o |/ 8n-1  _an-3
i e e T P OH
P S T R 'd‘\OH FONUIOR G SN PR N e 5B H
Il
o]
|a) Fatty Acyls: nexadecanoic acid (o) Glycerclipids: 1-hexadaca-"c‘,rl-2-(QZ-ﬂc:adecenwl}-snvglycerd
H H
9 sn-1  sng © f
-ux.__,/\\,_,/‘\-\/"x\/“\/ﬂ./\/l“o/\’?\‘o}",".ﬁ o) AN N OH
0 Ty
g -'--.\’_/\\/'- - \\/‘-‘\//\,/*\\/0 H \\ . "—L“--_ ,_fx\ ’__/- T // /f“‘-._v,-NH H
I : S = . ~
! a
fe) Glyezrophaspholipids: 1-hexadecanaoyl-2- (d} Springolipids: N-(tetradecanayli-san ng-4-enine
(9Z-oetedecenoyl)-sn-giycero-3-phosphochalin 2
2 "i{{!z 24 28
1w MR gy \1/25
12 I | |
18 e 1\&.-,-"’1?\_ u 27 i :
i B TRE TN et T R P S ~
1 9 14 e o e i e \OH
~a T
=
{t Prenal Lipids: 2E 6E-farnesal
o I
4
Yo, TS
A8 :
Q\ | )l LR
r T N g
i 1 .’i’
18 e A
-— o/ »‘\-.\’_/ 5] H
(9) Saceharolwids; UDP—S-O-(GH-hyd(_oxy (h) Polyketides: atiatoxin B1
-telradecanoy ) uD-N-acetylgiucosamine
Fig. 1. Representative simictures for each lipid category,
Faly et al. - Lipid classification system 841
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TAELT 2. Format of 12 character LIPID ID

Characters Description Exanple
1-2 Fixed database designation LM
34 Two letter category code Fa
5-6 Two a’git class code )3
7-8 Two d.git subclass code )
9-12 Uniqe four character identifier within subclass FEIMS

¢) The adoption of a condensed text nomenclature for
the glycan po-tions of lipids, where sugar residues are rep-
resented by s-andard ITUPAC abb-eviations and where the
anomeric car-on locants and sterzochemistry are includec
but the parzri:heses are omitted. This system has also been
proposed by the Consortium for Functional Glycomics
(hﬂp://wds.mitx:du/glycomics/:onsorlium/main.shun])‘

) The use of E/ Z designations (as opposed to trans/ cic)
to define double bond geometrr.

&) The ase of R/S designatians (as opposed to a/p or
p/L) to define stereochemistries, The exceptions are those
describing substituents on glycerol (sn) and sterol core
structures and anomeric carbons on sugar residues. [n
these latter special cases, the e/ format is firmly cstab-
lished.

h) The common term “lyso,” denoting the positicn Fack-
ing a racyl group in glycerolipids and glycerophospholip-
ids, will nat be used in systematic names but wil' bz in-
cluded as 2 synonym.

i) Thz proposal for a singie nomenclature sck.eme to
cover the prostaglandins, isoprostanes, neuroprostanes,
and relat=d compounds, where the carbons participzting
in the cyc.opentane ring closure are defined and where a
consistert chain-numbering scheme is used.

/) The *d” erd *t” designations ased in shortkanc nota-
tion of sphingolipids refer 1o 1,3-dihydroxy and 1.3,4-ri-
hydroxy long-chain bases, respectvely.

LIPID STRUCTURE REPRESENTATION

In addition to having rales for lipid classif:caton aad
nomenclaturz, it is important to establish clear guidelines
for drawing lipid structures. Large and ccmplex lipids are
difficult to draw, which leads to the use cf shorthand end
unique forrrats -hat ofter. generatz more ccrfusior than
clarity emong lipidologists. We prcpose @ more consisteat
format for rzprasenting “ipid structures in which, in the
simplest case of the fatty acid derivacives, the aad group
(or equivalent) is drawn on the right anc the hydropobic
hydroczrbori chain is on tae left (Fig. 1). Notable excznrions
are found in the eicosancid class, in whica the hycrocaton
chain wrapz around in a counterc’ockwise direction to pro-
duce z mere condensed structure, Similarly, with regard to
the glveerofipids and glycerophosphclipids, the radyl chains
are drawr. witk the hydrocarbon chains to the leftand the
glyce-ol group depicted horizontally with stereochemustry
at the sn zarbons defined (if known) The general term
“radyl” is asec to denote either acyl, alkyl, or 1-slkenyl suk-
stituents (httpe/ /www.chem.gmui.acuk/iupac/lipid /lipInZ.
html), allewing for coverage of a'kyl and 1 Zzalke aykgycerols.
The sphirigolipids, alth.ough they do not centa’n a glycerol
group, have a simlar structu-al relatienship to the glycero-
phospholipids in mary cases and mey be drawr. with the
C1 =ydrexyl group of the long<chain base to tne right and
the alky! portion to the left Tais methodology places the
hezd groups of both sphingolipids and glycerophospho-

TABLE 3. Sherthand notaton for selec 2d lipid categones

TIN-P-6Manal—$Manal =6 Manal =4GIcNal-6CFIns (14:0/14:0)

Categor Abbreviation Class or Subclass

GP GPCho Glycerophosphocholines GP ho (16:0/97,12%18:2)
GP GPnCho Glycerophosphonocholines

GP GPEm Glycerophosphoethanolanres

Gp GPnEtn Slycerophosphonoethanolam nes

GP GFSer Slycerophosphoserines

GP GPGro Glycerophosphoglycerols

GP GPGroP Glycerophosphoglycerophosp hates

GpP GPlIns Glycerophosphoinositols

GP GPlInsP Glycerophosphoinositol monophosphates

GP GPlInsP, Glycerophosphoinositol bis-phosphates

GP GPlInsPy Glycerophosphoinositol tris-phosphates

GP GPA Glycerophosphates

Gp GPp Glyceropyrophosphates

GpP CL Glycerophosphoglycerc pho: phoglycerals

GP CDP-DG CDP-glycerols

GpP [glycan]GP Glycerophosphoglucos= fipids

GpP [glycan|GPlIns Glycerophosphoinositolglhcans

Sp Cer Ceramides Car (alB:1/9E1€1)
Sp SM Phosphusphingolipids < (€18:1,/24:0)

SP [glycan]Cer Glycasphingolipids ~eudca2—3Galp1—4GleB-Cer (d18:1/1E0)
GL MG Monoradyl glycerols MG (16:0/0:0/040)
GL DG Diradyl glycerols DG (18:0/.6:0/0:0)
GL TG Triradyl glycerols TG (12:0/.4:0/78:0)

«Shorthand notation for radyl substituents in categories GP and GL are presented in the order of s+-1 w0 s+3. Shorthand nctaton for category

SP is oresented in the order of long-chain base and Mazxl substituent. Numbers separated by colons refer to carbon chain kength and number of

double bonds, respectively.

842 Journal of Lipid Research Volume 46 (€5
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TABLE 4.

Fatty acyls [FA] classes and subclasses

Fatry acids and conjugates [FAO1]
Straight-chain fatty acids [FAO101]
Methul hranched farry acids [FA0102)
Unsarturated fatty acids [FAO103)
Hyvdroperoxy tatty acids [FAO104]
Hydroxy fauy acids [FAO105)

O faty acids [FAGT06]

Epoxy Gty acids [FAD107]
Methoxy farty acids [FAOTO8]
Halogenated fatty acids [FAO109]
Amino iy acids [FANL10]
Cvano faty acids [FAO111]

Nitro fatrv acids (FAO119)

Thia tarny acids [FAO113]
Carhocvelic fary acids [FAO114]
Heterocy-lic fatry acids [FAOT15]
Mvyeolic azids [FAD116]
Dicarhoxrlic acids [FAO117)

Octadecanoads [FAO2)
1 2-Oxophviodienoic acid metabolites [FAN201]
Jasmonic acids [FAD202]

Eicasanonds [FADS]
Prostaglandins [FA0S01]
Leukotnienes [FANS02]
Thrambosanes [FA0303]
Lipoxins [FA0304]
Hvdroxyeicosatrienoic acids [FAN305]
Hvdroxveicosatetraenoic acids [FAO306]
Hyvdroxveicasapentaenoic acids [FAD307]
Epoxyercosatrienoic acids [FAO308]
Hepaxilins [FAD309)
Levuglandins [FADZ10)
Isoprostanes [FAO311]
Clavulones [FA0312]

Docosanonds | FAN4]

Fatty alrohols [FAO5]

Fatry aldehvides [FANS]

Farty esters [FAQG7]

Wax monncesters [FAO701]
Wax diesters [FAD702)
Crvano esters [FADT03]
Lactones [FAO704)]
Fatty acvl-CoAs [FAOT05]
Fatey acyl-acd carrier proteins (ACPs) [FAOT06]
Fatty acyl camitines [FAD707]
Fatry acvl adenylates [FAO708]
Fatty amides [FADR]
Primary amices [FAQS01]
NeAcyl amides [FAOS02]
Fatty acvl homoserine lactones [FAOS03)
NAcvl ethanc lamides (endocannabinoids) [FA(H04]

Fatrv nitnles [FAng]

Fatty ethers [FAL()]

Hydrocarbons [FA11]

Oxygenated hvdrocarbons [FA12]

Other [FAMD]

lipids on the right side, Although the structures of sterols
do not conform to these general rules of representation, the
sterol esters may conveniently be drawn with the acyl group
oriented according to thesc guidelines. In addition, the
linear prenols or isoprenoids are drawn in 1 manner anal-
ogous 1o the fanty acids, with the terminal functional group
on the right side. Inevitably, a number of structurally com-
plex lipids. such as acylaminosugar glycans polyeyelic iso-
prenoids, and polyketides, do not lend themselves to these
simplified drawing rules. Nevertheless, we believe that the
adoption of the guidelines proposed here wll unify chems-
ical representation and make it more comprehensible,

TABLE b, Glyeerolipids [GL] elasses and subelasses

Muonoradylglveerols [GLOT]
Momnoacylglveerols [GLOLOT]
Monoalkylglyeerols [GLOTNZ]
Mano-( 1 Zalkenvl)-glveerols [GLO103]
Monoacvlglycernlglveosides [GLO104]
Manoalkvlglyvceralglyeosides | GLOT0G|

hradylglycerals [GLOY)
Diacvlglycernls [GLO20T)
Alkylacviglveerols [GLO20Z|
Dialkylglveerals [GLOZNG]
1 ZATkenvlacylglycerols [GLOZD4]
Diarviglyeerolglveosides [GLO20A]
Alkvlacylglveerolglycosides [GLO20G]
Dialkylglyceralglyeasides [GLO20T ]
Disglveerol tetraethers [GLOZOR)
Diglveerol tetracther glyeans [GLO20O]

Triradylglyeerols [GLO3)
Triacyiglycerols [GLOAO1]
Alkyldiacylglveerols [GLOA02]
Dialkylmonoacylglycerols [GLOANE|
TZ-Alkenyldiacylglyeerals [GLO304)
Estolides [GLO305)

Other [GLOO]

DATABASING LIPIDS, ANNOTATION,
AND FUNCTION

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

The ontology of lipids must contain definitions, mean-
ings, and interrelationships of all objects stored in the da-
tabase. This ontology is then transformed into a well-
defined schema that forms the foundation for 2 relation: |
database of lipids, The LIPID MAPS project is building a
robust database of lipids based on the proposed ontology,

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

An important database field will be the LIPID T, a
unique 12 character identifier based on the classification
scheme described here, The format of the LIPID 1D, out-
lined in Table 2, provides a systematic means of assigning
unique IDs ta lipid molecules and allows for the addition
of large numbers of new categories, classes, and subclasses
in the Muture, because a maximum of 100 classes/subclasses
(00 1o 99) may be specified. The last four characters of the
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1a) Straight chain fatty acids: hexadecanoic acid

C
|
PN N Gl g S P M S G ~oH

(c) Unsaturated fatty acics: 8Z-octadecencic acid

H
(o]
(e) Oxo fatty acids: 2-ox0-decanoic acid

o]

OCHJ

(g) Methoxy fatty acids 2-methoxy-5Z-hexadecenoic £cd

|
/\/\/L\ou
|
b \/’*_—\\/" %\ 7/\\/\\//
H toH
(i) Hydroperoxy fatty 3cids: 13S-hydroperoxy-
92Z,11E-octadecadienoic acid

— o
F Y ]
L e TS \o/\\/“\/\/ " oR

(k) Heterocyclic fattv acids: 8-(5-hexyl-furan-z-y}-ectanoiz acid

o]
CoN ,
o O o Ui \)_\\/ W M’J\OH

(m) Nitro fatty acids: 10-nitro,92 12Z-octedecadie-C acid

o]
HO - P J
\‘\[,( \\// \/ e “\CH
(s}

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

Fig. 2. Representative structures for fatty acyls.

1D constitute a unique identifier within a paricular sub-
class and are randomly assigned. By initially using numeric
chzracters, this allows 9,999 unique 1Ds per subclass, but
wi:n the additional use of 26 uppercase alphasetic charac-
1e-3, a total of 1.68 mullion possible combinatons can be
generated, providing ample scalability with n each sub-
“lass. In cases in whica lipid structures are ob ained from
sther sources such as LipidBank or LIPIDAT, the corre-
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(b} Me:hw! bramchec fatty acids: 17-methvl-6Z-octadecencic acid

o}
Il
P ‘“'\/\\/ﬁ‘\/\\,/’\l/\\n}-
H

(d) Hydroxy fasty a=ids: 23-hydroxy-tetradecandc acid

]
\/\x\/\/\/\%x/'x,)xo_,
o

(1) Eposy fat acids: 6R 75-epoxy-octedecanoc acid
(o]
H S \)L
- 5 “OH

(n) Tria fet v acids: R-Lipoic acid; 1,2 dithiolare-33-penrano ¢ acie

H/—\\H/\ I
R N \//'\-\/f"“\\‘/f\ "/-\“CII—

(i) Carbeowclic fatty acids: lactobacil ic acid; 11R 125-meth ene-
octzdecaroic &cid

o]

|
e o Ve e d “T"J\-:H
NHy

() Amir ¢ fatty acids® 2S-amine-tridscanoic acic

gr Q
\\_ g ) ‘\\\\/‘\OH

(n) Ha cjenated fatty acids: 3-bro no-22-Feptencic acid

sponding IDs for those daabases will be included to en-
cHle crossreferencing. The fisst two caasacters of e ID
contain the database identifier (e.z., LM for LIPID MAPS),
a_though other databases may choose 1o use their own twe
caaracter identifier (at present, LB fo- Lipid Bank znc LD
for LIPIDAT) and assign the last four or mare characters
Lniquely while retaining charactess & to 3, which pertain
to classification. The corresponding IDs cf the other data-
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) Pretaglandhs; Prostgiandin A1
158y droxy-8ox0-102 1 3E -prostadiendc aci

{r,_Throrboxanes: Thromboxane A2,
#5.115-epoxy, 1 SS-hydrocy-hrembor 52 13E-den-1-cic acia

1) Epo
T4R1

lcosaTenoic ac ks
-2pasy -5 BZ 11Z-sicosariennic acd

OH

(v) Levuglandirs: LGE2:
10.11-5200-8,1 1-d0x 0-155-hydroxy-52 1 3E-prostadiesdic acd

Fig. 2.

Con inued,

bases will al'vavs be included 10 enable cross-referencing.
Further details regarding the numberir g system will be
decided by tie International Lipids Classfication and No-
menclaure Committee (see below). In addition to the
LIPID 1D, each lipid in the database will be searchable by
classification (category. class, subclass)., systematic name,
synonym(si, molecular formula, malecular weight, and
many other parameters that are part of its ontology. An
important feature will be the databasing of molecular struc-
tmres, allowing the user 1o perform web-based substructure
searches and structure retrieval across the database, This
aim will be complished with a chemistry cartridge soft-
ware component that will enable structures in formats
such as MDL molfile and Chemdraw CDX to be imported
dircctly into Cracle database tables.

qg Leuketrenes Laukomene B4;

S 12R-dihydroxy-62. BE, 10E.142-siccsaterasnae acid

£
OH

{8} Lipoxans: Lipoxin A4,
55.6R 158 vinpdroxy-TE 9 12 13E-sioasattramaic acd

(U} Hepmiling: Hepoxdin A3
BR-hydroxy-11R 125-epoxy-52, %, 14Z-sicosal rencte aod

(w) sopmostines: 95115155 nhydroxy 62, 13E-postcience acidcyo[8S, 12R]

Furthermore, many lipids, in particular the glyeerolip-
ids, glycerophosphalipids, and sphingolipids, may be con-
veniently described in terms of a shorthand name in which
abbreviations are used 1o define backbones, head groups,
and sugar units and the radyl substithents are defined by a
descriptor indicating carbon chain length and number of
double bonds. These shorthand names lend themselv 0
fast, efficient text-based searches and are used widely i

lipid research as compact alternatives to systematic names,
The glycerophospholipids in the LIPIDAT database, for
example, may be conveniently searched with a shorthand
notation that has been extended to handle side chains
with acyl, ether, branched-<chain, and other functiona
groups (7). We propose the use of a shorthand notation
for selected lipid categories (Table 3) that incorporates a
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(x) Octadecandds: 20 iundc acld metabal tes:
3R 2-0x0-p myt0-102,152-dienoic acid

.

{z) Docosanoids: Meuroprostanes: 45-hydray -B-axo
(SE,42 132,162 * 97 raumprostapentasncic add-cyco TS 115]

s A s

(ab) Fatty aldet ydes: heplanal

_()JFm'y amcas: Fatty acyl homoserine lactones:
odacanoyl) homosarine laciona

=y

(af) Fatty nitiles; 42,72 ,10Z-octadecatrianenirie

(y) Octadacanolis Jasmonicac os: jasnonic acd: (1R.2R}-3-0xp-2 (pent
2Z-pny! -cvclopartaneacelc acid

W oW W

(@) =ty scorois: dodecanol

/W\/\/\J\m,

{ac] Faty a7 Jes: M-scy! 8Mides: dngecanamade

(e€) Fatty anides N-acyl sthanolamides (erdu:snnabmods)
Arsndamide; N-SZ.8Z,112,14Z i

B T S o e e i i

(3g) Hydmcarbana: ticecans

/‘\/\/\/\\/\f“\l/\/\/\/\/\/\/\/ﬂ\

(ah) Oxyganatad hydrocarbons: noracosan-2-ons

Fig. 2. Continued.

condensed text nomenclzture for glycan substituzats. The
abbeeviations for the sugar units follow the current 1U-
PAC-I"JBMB recommendations (4).

LIPID CLASSES AND SUBCLASSES

Farty acyls [FA]

The fatty acyl structure represents the major lip d building
blac< of complex lipids z1d therefore is one of th= most fun-
damental categories of biological lipids. The fatty acyl group
in thz fatty acids and co-jugates class (Table 4) is character-
ized by a repeating serizs of methylene grouds that impart
hydrophobic character to this category of lidifs. The first
subcdass includes the strzight-chain saturated -arry acids con-
tauning a terminal carboxylic acid. It could alsc be considered
the most reduced end oroduct of the polyketids pathway.
Variants of this structure have one or more metayl substit-

81t Journal of Lipid Research Volume 4€, 2005

uent: and enzompass quite complex branched-chain faty
acids, such as the mycolic acids. The longest chain in
orar-hed-chain fatty acids defines the -hain kength of these
cormounds. A considerable number of var ations on this
basi- structure occur in all kingdoms of lite  9-12), includ-
ing “atte acids with one or more double bonds and even
acerderic (triple] bonds. Heteroazoms of oxygen, halogen,
nitroge, and sulfur are a'so linked to the carbon chains in
spe-ific subdasses. Cyclc fauy ac ¢s contzin ng three to six
ca-son atoms as well as heterocyclic rings containing oxy-
ger_ or 1itrozen zre found in nature. The zyclopentenyl fatty
acizs are ar example of this latter subckse. The thia fauy
acid subclass contains sulfur atom(s) in the fatty ac.d struc-
ture and is exemplified by lipoic acid and biotin. Thiols
ani th oethers are in this class, but the thioesters arz placed
ir ~he ester class because of the involvement of these and
sirilar esters in fatty ecid metadolism and synthesis,
Separate classes for more complex fetty acids with mul-
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1a1) Wax monoesters: 1-hexadecyl hexadecancate

o
1

N
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{ak) Lactones: 11-undecanclactone

Fa OH
{am) Fatty acyl carnitines: O-hexanoyl-R-camitine

H o H
“\/\M../“\,W‘\/“\/"-.

¢

-

lao) Wax diesters. 25, 3R-didecanayl-docosane-2,5-dio

Fig. 2.

Continued,

tiple functional groups (but nonbranched) are designated
by the tomal number of carbon atoms found in the critical
biosynthietic precursor. These include octadecanoids and
lipids in the jasmonic acid pathway of plant hormone bio-
synthesis, even though jasmonic acids have lost some of
their carbon atoms from the biochemical precursor, 12-0xo-
phytodier oic acid (13). Ficosanoids derived from arachi-
donic acic include prostaglandins, leukotrienes, and other
structural derivatives (14). The docosanoids contain 29
carbon atoms and derive from a common precursor,
docosahexuaenoic acid (15). Many members of these sepa-
rate subclasses of more complex fatty acids have distinct
biological activities.

Other major lipid classes in the fatty acyl category in-
clude fattv acid esters such as wax monocsters and diesters
and the lactones. The fatty ester class 1lso has subclasses
that include important biochemical intermediates such as

0 O H H
r | | i i
/\/\)k N N Py P
S a7 Ty D
p . Ho  Hd o
|

;JD
%
@

e A i e P e o) N
=

3

P VN G e T L WO
a

{aj) Cyana esters: *.3-di-(octadec-9Z-enoyl)- 1 -cyanc-2-
mathylene-propane-1,3-diol

He
TS
H OH Q p‘:’ SN
o]
/’Ili
HEEZ™
R O N
(al) Fatty acyl CoAs: R-hexanoyl CoA
L_\]Ha

f\/w\
LD
A

| O~ |
|
OH OH
{an} Fatty acyl adenylates: O-hexanayl-adenosine
maonophosphate

8} o
il
=~ ﬂ‘\/\//k%‘(’j}pxo

fatty acyl thioester-CoA derivatives, fatty acyl thioester-acyl
carrier protein (ACP) derivatives, fatty acyl carnitines (es-
ters of carnitine), and fatty adenylates, which are mixed
anhydrides, The fatty alcohols and fatty aldehydes are typ-
ified by terminal hydroxy and oxo groups, respectively,
The fatty amides are also Nefatty acylated amines and un-
substituted amides, and many simple amides have interest-
ing biological activites in various organisms, Fatty acyl ho-
moserine lactones are fatty amides involved in bacterial
quorum sensing (16).

Hvdrocarbons are included us a ¢lass of fatty acid deriv-
atives because they correspond to six clectron reduction
products of fatty acids that may have been generated by
loss of the carboxylic acid from u fatty acid or fatty acyl
moiety during the process of diagenesis in geological sam-
ples. Long-chain ethers also have been observed in nature.
Chemical struciures of the fatty acyls are shown in Fig. 2.
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(a) Monoradwigylcerols: Monoacylglycero s:
1-dodecancyl-sn-glycerol
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(c) Diracylg ycerols: Alkylacylglycerols:
1-O-hexadecyl-2-(9Z-octadecenoyl)-s-glycerol
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(&) Triradylglycerols: Tricylglycerols:
1-dodecaoyl-2-hexadecanoyl-3-ockacecanoyl-sn-glycerol

o
‘-\__\/"——\\/:\-\//—""-\U,/\‘\_‘/““-&_J,/‘\\“//’J\_d,/\ P

//n\x— N /_\‘-‘.:/,\xr/'\ \/\\\'/1\.“1/'0 H

(1} Di-advlglycerals: Diacylglycerol Jlycans:
1,2 d-(92,12Z,15Z-octadecalrienoyl)-3-O-f-D-galactosyl-sr gl jcerc

P e e N T e T T e T
ie) H

Y
b}

OH

(g) Diredylglycerals: Di-glycerol tetraethers: caldarchaeol

(h Ci-adylglycerols: Di-glycerol tetraether glycans:
gentobiosyl-caldarchaeol; Glcfil-6Glci-caldarchaeol

Fig. 3. Representative structues for glycerolipids.

Glyceralipids [GL]

The glycerolipids essentially encompass zll zlycerol-con-
taining lipids. We have purposely made g'ycerostospho-
lipids a separate category because of their abundzr.ce and
impormance as membrane constituents, memaosoliz fuels,

848  Journal of Lipid Research Volume 46, 2005
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and signa.ing molecules. The glycerolipid category (Table
57 is dominated by the mono-, di- and tri-substituted glyc-

erols, the mos: well-known being the fatry acid esters of

glycerol (acylg ycerols) (17, 18). Additonal subclasses are
represented bw the glycerolglycans, waich are character-
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TARLE 6. Glveerophospholipids [GP] classes and subclasses

Glyeerophesphocholines [GPO1]

Diacviglveerophasphacholines [GPO101]

1-Alkyl Zacviglyeerophosphocholimes [GPO102]

1 ZAlkenvl, Zacviglyeerophosphocholines [GP1103]

Dialkylglveerophosphocholines [(GPOT04|

Monoacylglveerophosphocholines [GP0105)

1-Alkyl glycerophasphocholines [GPO10G]

1 ZAlkenviglveernphosphocholines [GPO107]
Glveerophosphocthanolamines [GPO2]

Dianvighveerophnsphoethanolamines [GPO201

I=ATkyl Z-acviglycerophasphoethanolamines [GP0202]

LZAlkenyl Z-acylglycerophnsphoethanolamines [GP0O203)

Dialkylglveeraphosphoethanolamines [GPO204)

Monoacviglveerophosphoethanolamines [GP0205]

AT glyeerophosphoethanolamines [GPO205]

1ZATkenvighveernphosphoethanolamines [GE0207]
Glyeerophasphoserines [GP03]

Diacylgheerophosphoserines [GPO301 |

I-Alkvl Z-acviglveeraphosphoserines [GPO302

| ZAlkenyl 2-acviglyeerophosphoserines [GPO303]

Dialkvlglycernphosphoserines [GPO304]

Monoacviglyeerophosphoserines [GP0305)

1-Alkvl glyeerophosphoserines [GPO306]

| ZAlkenviglycerophosphoserines [GPO307]
Glveerophosphoglveerols [GPO4]

Diacviglveerophosphoglveerols [GP0401)

L-Alky] 2acviglyeerophosphoglycerols [GPO402 ]

| ZATkenyl 2-acvlglycerophosphoglycerals [ GF0403]

Dialkylghveerophosphoglyeerals [GPO404]

Mr:nr_'mr.\'lglvccmphnsphnglyccrnls [GPN405]

I-Alkyl glycerophosphoglveerols [GPO406]

| ZZATkenviglveeraphosphoglycerols [GPO407]

Di:n'\'i;{l}'f('mphnsphnﬁir:\dylg]}immls [GPO40R]

Diacvlghceraphosphamonoradylglveerols [GP0409]

Mrnoacvlglyee l'nphr.!sphomonomdylg]yccmls [GPO410]
Glyceraphosphoglveerophosphates [GPO5)

Diacylglveerophosphoglveerophosphates [GPOG01]

I-Alkvl. Lacviglycerophosphoglyeerophosphates [GP0302)

| ZAlkenyl 2-acyiglyeerophasphoglyceraphosp hates [GPO503]

Dialkvlglveerophosphoglveeraphasphates [GI0504]

Monoacylglyeerophosphoglveerophosphates [GPO505]

1AL glycerophosphoglyeerophosphates [GPOA6G]

I ZAlkenylglyeerophosphoglveerophosphates [GPO507]
Glveerophosphoinositols [ GPOG|

Diaeylghveeraphosphainositols | GPOGOT |

L-Alkvl 2acvigheerophosphainositals [ GPOGO2

1 ZAIkenyl 2acvlglveernphosphoinositols [GPIA03]

Dl:i?k\_-igl_\':‘:rn_}pImsphumos':m]s [GPO604 ]

Manacvlglveerophosphoinositals [GPIG05]

1-Alkyvl glyeernphosphoinnsitols [GPOG06 |

I ZAlkenylglveerophasphoinositols [GPOG07)
Glveeraphosphainositol monophosphares [GP)7]

Diacylglveerophosphoinesitol monophosphat=s [GPO701

-Alkvl Z-acvlglyeerophosphoinasitol manoph ssphates [GPO702]

1 ZAlkenyl 2acylglveerophosphoinositol monophosphates [GPO703]

Dialkylglveerophosphoinasitol monophospha es [GPO704]

Monoacyiglyeerophosphoinositol monnphosphates [GPN705]

1-Alkyl glyeeraphosphoinasitol monophosphates [GPO706)

1 ZAIkenyighveerophosphotnositol manophasphates [GPO707)
Glyveerophasphoinasitol bisphosphates [GPiI8]

Diacylglveerophosphoinositol bisphosphates [GPOSOT

L-Alkyl 2Zacylglveerophasphoinositol bisphosphares [GPO802)

1'/;.-\ikcn_\'I.E-ucrlglyfcrnphrrsphuinnsatol bisptrosphates [GPORDS]

Manoacylglvecraphasphoinositol bisphosphawes [GPOS04)

1-ATR glveerophosphoinositol bisphosphates [GPOS05 |

I ZAlkenvlgleernphosphoinositol bisphosphates [GPO80G]
Clvcerophosphoinositol trisphosphates | GP9|

Biacviglyceraphosphoinesitol trisphosphates | GPOS01]

I-ATRY], Zacviglveerophosphoinositol trisphosp hates [GPO90OY |

LZATkenvl Z-acviglyeerophosphoinaositol trisphosphates [GP0903]

Monaacylglveerophasphoinositol trisphospha es [GPO904]

1-Alkyl gheernphosphainositol trisphosphates [GP0%05]

IZ—z\lI-u"m']gll\-rrmphn.sphnirmsiml trisphosphates [GPOO0G]

TABLE 6, [ Conirmued)

Glveernphosphates [GP10]
Diacylglveerophosphates [GP100] |
L-ALky] Zacylglyeerophosphates [GP1002]

1 ZAlkenyl 2acylglycerophasphates [GPI003]
Dialkylglveerophosphates [GP1004]
Monoacylglycerophosphates [GP1O05]
L-Alkyl glveerophosphares [GP1006]

1 ZAlkenyiglveeraphosphares [GP1O0T]

Glveeropyrophasphates [GP11]

Diacylglyceropyrophosphates [GP1101]

Monoacylglveerapyrophosphates [GP1102]

f'r]_\'L'L‘T'ﬂI]}IrI'SiJ}l(]ﬂ]\'t[(.‘]’l)]}}lI)\'il]ll')ﬂi!r’tt_‘]’lI|§ {eardiolipims) [CP12]

Diacylglveernphosphoglyeerophosphodiradvlglyeerols [GP1201]

Diacylglveerophosphoglyeerophosphomonoradviglveerols [GP1202]

ALKy L 2aeylglveerophosphaglycerophosphodiradylglycerods [GP1204]

ALyl Z-acylglveerophosphoglveerophosphomenoradylglycerals
[GP1204]

17-Alkenyl Zacylglveerophosphoglycerophosphodiradylglyeerols
[GP1205]

1 Z-Alkenyl. 2acylglveerophosphoglvcerophosphomonora dylglycerols
[GP1206]

Monoacylglyeerophasphoglycerophasphomonoradylglye erals
[GP1207]

L-ALkyl glyceraphosphoglveerophasphodiradylgheerals [GP1205]

L-Alkyl glyeerophnsphoglycerophosphomenoradviglycerols [GP1209]

I ZAlkenylglyeerophosphoglyeerophosphiodiradvlglveero s [GP1210]

1 Z—Alktm_v]g[j.'curophnsphr_rglycempimsphnrnrmnradylgi}tcmls
[GFI12]11]

CDI-glycerals [GP14]

CDP-diacylglveerols [GP1301 |

COP-lalkyl 2-aeylglveerols [GP1302]

CDP-1 Zalkenyl Z-acylglveerals [GP1303)

CDP-dialkylglveerols [GP1304]

ChP-monoacylglycerols [GP1305]

CDI™1-alkyl glyeerols [GP1306)

CU]‘vlz'ff-alkcn_vlgl}'rcrn]s [GP13NT]

Glyceraphosphaglucose lipids [GP14]

Diacylghycernphosphoglucose hipids [GP1401 ]

L-Alkvl Zacylglyceraphasphaglucase lipids [GP1402)

1 ZAlkenyl Z-acylglycerophosphoglucose lipids [GP1403]
Monvaeylglyeerophosphoglucose lipids [GGP1404)
[-Alkyl glycerophosphoghicose lipids [GP1405]

1 ZAlkenylglycerophasphoglucose lipids [GP1406]

Glyceraphosphomnositolglveans [GP15]
Diacylglveerophosphoinositlglycans [GP1501]

[-Alkyl, 2acylglycerophosphoinasitalglveans [GPT502)
Ifrr\lkcn_\I.E—iu.‘_vlg!yrerr_\phosphni]m.\nn]glymm [GP1505]
Maonoacylglycerophosphomasitalglycans [GP1504)
LA glyceraphosphomositalglveans [ GP1A0A ]

1 ZAlkenylglycerophosphoinositolglyeans | GPI506]

Glyceraphosphanochalines [GP16]
Diacylglveerophosphonocholines [GP160T]

[-ATky] 2-acylglyeerophosphonachalines [GP1602]
1ZAkenyl 2-acvlglveerophosphonocholines [GP1603]
Dialkylglycerophosphanachalines [GP1G04]
Mnnnacylg]yr(‘.mphnsphenmrholincs [GPIRNS]
1-Alkvl glveeraphosphonochalines [GP1606]

L ZAlkenylglveerophosphonocholines (G607

I'.‘-I_w'::mphnsphnnocthannhunincs [GP17]
Diacylglveerophosphonocthanolammes [GP1701]
|v,-\]k_\'],E-acylgl_\«'ccmphns;]hnmm‘lhann!:{mincs [GP1702]

I ZZAlkenyl 2-acylglyeerophosphonoethanolamines [GP1703)
Dialkylglveerophosphonocthanolamines [GP1704]
Monoacylglyeerophosphonocthanolamines [GP1705]
L-Alkyl glyrerophosphonoethanclamines |GP1706]
1ZAIkenviglveerophosphonoethanolamines [GP1707]
h-glveerol tetracther phospholipds (caldarchaeols) [GP1#)

Glyeerol-nonitol 1etraether phospholipids [GP19)

Oxidized glycerophospholipids [GP20)

Other [GPOD]

Fahy et ol Lipid classification system 849
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(a) Dicylglycarophosphochalines:
1-k yl-2-(9Z-0¢ oyl)-an-glycero-3-phosphocholing

PV Ve Y

/‘\;*MNW\/K] .-ﬁ
/\{\;"o)“'.‘)\/\%
‘\/\[Dr

(¢} Diecyigly AP L T St
1-mexsdecanoyl-2- |9?-nmnnmy|}m-yymm-3 phosphoethanolamire

Sas Ui "
/\_f\/\./E/\/\N;./[/‘W

19 Dexcylglycerophosphoserines:
d 11-2-(9Z-0X

! 30-g vCars-3-pnasprosenna

AV A A Ve Ve Hﬂ\;. P ‘
w

(g) Decylglycerophosphoglycercphosphates:
1 b @ 1-2-(82- enayl)-an-glycero-3-phospho-(1'-5+glycerol-3-phosphate)

PR f o SH 0
¢ o o

P “-./'MV'\/Y
o

(i} Duacylglycerophosphoinositolmonoohosphates:
1-vecedecancyl-2-(92-octadecencyl -sn-glycero-3-phaspho-( 1'-riyo-ncsitel-3-phosphata)

S eiienas ek

(- Drzcylglyceropyrophasphates
1= decanoyl-2-(3Z d yli-sn-glycero-3-pyrophospha e

Fig. = Representative structuares for glycerophosphdlipizk.

ized by the presence of vne or more sugar resues at-
tached to glycerol via a glecosidic linkage (19). Examples
of structures in this category are shown in Fig. 3. Macrocy-
clic etzer lipids also occur as glycerolipids in tre mem-
branzs of archaebacteria 120).

Glycerophospholipids [GF|

Tt e glycerophospholipids are ubiquitous in nature and
are kev components of the lipid bilayer of cells. PLospho-
lipids may be subdivided into distinct classes (Table 6)
based =n the nature of the polar “head group” at the sn-3
positicn of the glycerol backbone in eukaryo-es and eu-
bacter:a or the sn-1 position in the case of archachacteria
(21). In the case of the glycerophosphoglyzerols cnd glyc-
erop1osphoglycerophosphates, a second glyceral uait con-
stitutes part of the head group, whereas for the glycero-

850 Journal of Lipid Research  Volume 46, 200F

PRV FATVE" TV

(b} C =acylgycercphosphonocholines
1-hes canayl-2-(92-octadecencyl -sn-glycero-3-phosprcnochcline

o~ /\/\./\/\/\/\/ﬁ\u/\(\o/vx
A~ 'x/\/\_/\/\/\/Tj

(d) Cacylgyceroy d
1-nemaidecanayl-2- :BZ -ocladacencyl -sn-glycero-3-phosprcnosinanoanine

o
] 1]
- AV AV AT = 4
PPN J/K\\’_"hj '0\-3\./“""
/‘\f‘-\\, — \fc
|
[f) D=mcylgivcerophosphoglycerols.

1-remadecanoyl-2-(9Z-octadacanoyl -sm-glycero-3-phospic-(1-seglyzercl)

N\N\/’\/\)‘L ¢ =
e . Hd'\o

(nc EIcylg‘)‘cc!QDhOSﬂhOmoSl ols:
1+ yl-2-{92-octa

yl -sn-glycero-3-phespc-(1'-mao-mositol;

(i) Cxacylglvcerophosphates (phospratidic acics):
1-rexadecanoyl-2-(9Z -octagecenoyk- s-glycoro-3-phospnate

(1) ZDP-giecyigiycerols:
1-r ezadecanoyl-2-(3Z2-octadecenoyl - sn-glycero-3 cylidice-5'-diprosphate

phosghoglycerophosphoglycerols (cardio’ip ns), a third
glycerol unit is typically acylated at the sn-1" and sn-2 posi-
tions 10 create a pseudosymmetrical moleculz Each head
group class is further diffzrentiated on the basis of the sa-1
end s&-2 substituents on the ghycerol backbonz. Althouzh
the g vce-ol backbone is symmetrical, the second carban
becoraes a chiral center when the s21 and 52-3 carbons heve
different substituents. A large numbe- of t-ivial names zre
zssoc 1ted with phospholipids. In the systematic nomen-
c aturz, mono/di-radylglvcerophospholipids with different
ccyl =~ alkyl substituents are designated by similar conven-
tions for naming of classes (see below) and are grouped ac-
cording to the common polar moizties (i.e , bead groups).

Typically, one or both of these hydroxy groups zre
ecylzsed with long-chain fatty acids, but there are also zl-
Lyllirked and 1Zalkenvllink2d (plasma ogen) glycero-
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e W B W

] D/\(\O’jw
N
0 Ho+4

/‘\/‘\/‘\/\/\/\j\:{P

(m) Diacylglyceroohosphomoneradylglycerois:
1 2-ditetradecanoyl sn-alycerc-3 phosphe-(3 -tetradecanoy! -1'-sn -glyceral)

i .

o

io) Diacylglycerophosphoinosstolgly=ans:
EIN-P-EMana1-2Mana t-6Manat-23IcNo 1 -BGPIns(14:0/14:0)

o @ &
I >
RS - ==
\/\/E/E/\N\/\;dx\(m{w
|
o

(n} Diacylglycarophosphoglycerophosphod radylglycerols:
1"3-Bis[1,2-Di-(8Z- 12Z-nctadecadienayl)-sn-glycaro-3-phosahol-sn-glycaro!

|
aQ

(p) 1-alkyl, 2-acy‘glyceraphosphocholines:
1-O-hexadacyl-2-(9Z-octadecenayl)-sn-glycero-3-phosphochaline

o

WWO/\KAG“":LU\/-\N(

= ,\B,:f»"o ,

\g) 1Z-alkenyl, 2-acylglycerophosphochalines:
1-0-(12-tarra decenyl}-2-{92-octedacenoyl) sn-glycers-3-phosphocholing

(r} Di-glyceral tetraether phespholipids (caldarchaesis): srecaldarchaso-1 -phosphoethanclamine

-/\\/ . i i .
; : : : i .
/O
wg/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\
| oH
(0]

OH i

H'O/

o]

il

T~
ot llf)HD\/\"‘IH?
k\/\/‘\/\/\/\/\\/\/\/\/\/\w\ 1

(5] Glycerol-nonitol 1etraether phosphoipids: sncaldito- 1-phosphoelhanolaming

Fig. 4. Continued.

phosoholipids, as well as dialkylether variants in prokary-
otes. The main biosynthetic pathways for the formation of
GPCho and GPEm (see Table 3 for shorthand notation)
were elucidated through the efferts of Kennedy and co-
workers (22) in the 1950s and 1660s, and more detailed
mterconversion pathways to form additional classes of phos-
pholipids were described more recently. In addition to serv-
ing as a primary component of cellular membranes and
bindir g sites for intracellular and intercellular proteins,
some zlycerophospholipids in eukaryotic cells are cither
precursors of, or are themselves, membrane-derived sec-
ond messengers. A separate class, called oxidized glycero-

phospholipids, is composed of molecules in which one or
more of the side chains have been oxidized. Several over-
views are available on the classification, nomenclature,
metabolism, and profiling of glycerophospholipids (18,
23-26). Structures from this category are shown in Fig. 4.

Sphingolipids [SP|

Sphingolipids are a complex family of compounds that
share a common structural feature, a sphingoid bzse back-
bone that is synthesized de novo from serine anc a lor -
chain fatty acyl-CoA, then converted into ceramides, phos-
phosphingolipids, glycosphingolipids, and other specics,

Fahy et al. Lipid classification system 851
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H OH
/\/“\/'\/W\»’\/z{\m
HMN H

(a) Sphinganires: sphinganine

[P G e P NE e KO e S T :
HO H HZH-

(c) Phytosphingesines: 4-hydroxysphinganne

H_ OH
/“\/“‘x-/\\/\/\/‘-./W\OH
N H
Gl ¥

(&) N-methy at=d sphingoid bases:
N,N-dimethvlsshing-4-enine

~04

(g) N-acylspringosines (ceramides):
N-(tetradecanayl)-sphing-4-enine

o]
ST N "'"‘“’/\0 rux e e TN Nt = e N

N N N N N P e H
\/\/“\/‘\N\/’\/‘x/\n/NHH
0

;
< " g
.

S

[i} Acylccramides:
N-(30-(92," 2Z-octadecadiencyloxy)-trizontanayl)-
sphing-4-en ne ’

Fig. 5. Reprzsentative structures for sphingolipids.

including prozein adducts (27, 28). A number of orzan-
isms also produce sphingoid base analogs that have mary
of the same features as sphingolipids (such as long-caeir
alkyl and vizi~al amino and hydroxyl groups) but diffzr ir
other features. These have been included in this category
because some are known to function as inhibitors or antag-
onists of sphingolipids, and in some organisms, these lyoes
of compounds may serve as surrogates for sphingol.pids.

Sphingdlirids can be divided into several major ¢ asses
(Table 7): the sphingoid bases and their simple cerivat ves
(such as tae l-phosphate), the sphingoid bases with am
amide-linkeZ fatty acid (e.g., ceramides), and more czr-
plex sphir gulipids with head groups that are at:ach=c via
phosphodiester linkages (the phosphosphingolipids) via
glycosidic bonds (the simple and complex glycosphin-
golipids such as cerebrosides ard gangliosides), and olwer
groups (such as phosphono- and arseno-sphingol puds).
The IUPAC has recommended a systematic nomenclzmre
for sphingclipids (3).

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

852  Jouwrnal of Lipid Researen Volume 46, 2005

H,__ F
/\\-/\f’"\.-'l\_/\M/i_ /N\OH

HN H
(b} Sphingosines: soring-4 2nine
H QK
_/\,—’\\J,n\v/\k_//\\//\w,/'\\‘ /\“OH
ERY
HoN H
¢) Sphingoid base Fomclags ad variants:
12zadecasphinganice
H 4 C
J’W*\/‘_'\/'\\/’/\\.'/\\\\‘/ \<F.\0J:FH'OH
= HO
HN
I Sphingoid base 1-phasphases:
sphing-4-enine-1-pnosgl ate
0

H OH n

P N N N &

P
N OHO EO'\,,\"N_*:

L )\v/\‘/\"h\"’\‘*/\“//\//\“‘rrNH H |
Q

th) Ceramide phosphocnolines (sphingomyelins):
~-{octadecanoyl!-sphinc -4-enine-1-phosphecholire

H CH 0

: 1
/J‘\N\"/\H/\Vﬂ\/’%/{.‘(KD‘/-PH//\\T-. Hy

: HC
T /\V-/“\__/\\/“x.v/'\r/“"“ H
o

(i) Phosphonoschingad pids.
N-{tetradecanoyl)-spbung-4-enine-1-
(2-amincethylo~osphenate:.

by the first scientist to isolate this compouna (29°. Sphin-
gosine 18 (Z S,3R,4F)-2-aminooctadec-4-ene-1.3-diol (i: is
also callzd p-erythrosphingosine and sphing-d4-enine . This
is onl¥ one of many sphingoid baszs found ir reture,
which vary in alsyl chain length and oranching, “he namn-
ber and pcs tioas of double bends, the presence of addi-
tional hydrexyl groups, and other feztures. Ihe struzwaral
variation has functional significance, for example, sphin-
goid bases in the de-mis have additicnal hyd-oxyls at posi-
tion 4 (phy-oceramides) and/or 6 that can interact with
neighboring molecules, thereby strengthening the per-
meatbility zarrizr of skin. Sphingoid bases are fouad in a
variety of derivatives, including the I-phesphates, luso-
sphingolipuds {such as sphingos.ne 1-phosphochoiine as
well as sphingosine 1-glycosides), and Mmethyl de-vatives
(N-methyl, N,Adimzthyl, and N,N,N-rimetlryl). 1 acditon,
a larze number of organisms, such as unz’ and sponges,
procuce <>mpounds with structural similarity to sphin-
goid bases some of which (sach as myriccin end the fu-
monisins) are potent inhibitors of enzymes of sphingolipid
metapolis .
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(%) Neutra! Glycosphingaolizids: Simple Gic series’

Glep-Cer(d18:1/12:0)

H (,O
HO;HE/‘ oK

HN

() Acidic Glycospningolipids: Gangliosides:

GalB;—:}GaIN-‘\cﬁl—4(thAcr12—3}Galﬁ1~4Glc,'!.-[‘.ertc‘- 8:1/18:0)

A A I\:;..I H

{m) Acigic Glycosphingotpids: Sulfosphingolipids:

{3-sulfo)Galfi-Cer(c18:17 8.0}

/WW\/\\M/\
/N‘:H H
\WM/\/\/\

(n} Acidic Glycosphingolipids: Glucuronosphingolipids

GlzUAR-Cer{d18:1/18:0)

Fig. 5. Cononned.

Ceramides (Macvl-sphingoid bases) ar=a major subclass
of sphingoid base derivatives with an zmide-linked fatty
acid, The faty acids are typically saturat=d or monounsat-
urated with chain lengths from 14 to 26 carbon atoms; the
presence of a hydroxyl group on carben 2 is fairly com-
mon, Ceramides sometimes have specialized fatty acids, as
Hlustrated by the skin ceramide in Fig. 5i. which has a 30
carbon fatty acid with a hydroxyl group on the terminal
() carbon. Ceramides are generally precursors of more

H
0 oH
N .
X
H  OH 07 v
1
S O _f — Sh
o)
H OH CH

W HO~ 7 —7—0H
o D\Lr;oou
|

o

complex sphingolipids. The major phosphasphingolip ds
of mammals are sphingomyelins (ceramide phosphocho-
lines), whereas insccts contain mainly ceramide phospho-
cthanolamines and fungi have phytoceramidephospho-
inositols and mannose-containing head groups,
Glycosphingolipids (4) are classificd on the basis of car-
bohydrate composition: 1) neutral glycosphingolipids con-
1ain one or more uncharged sugars such as glucose (Glu),
galactose (Gal), Nacetvlghicosamine (GleNAe), Macetvlga-

Fahy ot al. Lipid classification system 853
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TABLE 7. Sphingolipids [SP] classes and subcks:es

Sphingoid bases [SP01]
Sohmg-4-enines (sphingosines) [SP0101]
Sohinganines [SP0102]
4Hydroxysphinganines (phytosphingosines) [SPOL03]
Sohingoid base homologs ad variants [SP0104]
Sohingoid base 1-phosphates [SP0105]
Lysosphingomyelins and lysoglycosphingolipids [SPO1(E]
A-Methylated sphingoid baszs [SPO107]
Sphingoid base analogs [SP)108]

Ceram des [SP02]
MAzylsphingosines (ceramides) [SP0201]
MAzylsphinganines (dihydroceramides) [SP0202]
N-Acyl-4-hydroxysphinganinzs (phytoceramides) [£P0203
Acylceramides [SP0204]
Czramide 1-phosphates [SP0205]

Phospt osphingolipids [SP03]
Czramide phosphocholines (sphingomyelins) [SPU301
C=ramide phosphoethanolamines [SP0302]
Czramide phosphoinositols [SPU303]

Phosponosphingolipids [SP04]

Newtra glycosphingolipids [SF05]
Simle Glc series (GlcCer, LacCer, etc.) [SP0501]
GalkAcpl-3Calal-4Galp1-4Glc- (globo series) [SPU502
GalkAcp1-4Galp1-4Cle- (ganglio series) [SPO503]
GalB1-3GleNAcp1-3Galpl-4tle- (lacto series) [SPO504]
Galpl=4GlcNAcB1-3GalB14Gle- (neolacto series) [SPCHS5]
GalRAcp1-3Galel-3Galg1-46Gle- (isoglobo series) [SPI5)5]
G clRAcBl-2Manal-3ManP1 4Gle- (mollu series) [SPO507
GallnAcP 1-4GleNAcB1-3Mar B1-4Gle- (arthro series) SPO508]
Gal- 'gala series) [SP0509]
Oth=r [SP0510]

Acicic glycosphingolipids [SPL6]
Gangliosides [SP0601]
Sulf=glycosphingolipids (sulfatides) [SP0602]
G uearonosphingolipids [SF603]
Phosohoglycosphingolipids “SP0604]
Oth=r [SPO600]

Basi- ghycosphingolipids [SPO7]

Amphateric glycosphingolipids [SPO8]

Arsenosphingolipids [SP0Y)

Other [SPO0]

lactosemine (GalNAc), and fucose (Fuc), which are grouped
into fzmilies based on the nature of the glyco- sudstituents
as shown in the listing; 2) acidic glycosphingo ipids con-
tain iznized functional groups (phosphate o~ su fate) at-
tachex to neutral sugars or charged sugar residues such as
sialic acid (Nacetyl or Nglycoloyl neuraminic ac d). The
latter are called gangliosides, and the number of silic acid
residuss is usually denoted with a subscript lztrer (i.e.,
monc-, di- or tri-) plus a number reflecting th= sudspecies
witkin that category; 3) dasic glycosphingolipids 4) am-
phateric glycosphingolipids. For a few glycosphingolipids,
historically assigned names as antigens and bleod group
structures are still in common use (e.g., Lewis x and sialyl
Lewis x). Some aquatic organisms contain sphisgolipids
in wh.ch the phosphate is replaced by a phosphcno or ar-
sencte group. The other category includes sphingolioids that
are -cvalently attached to oroteins; for example, w-1ydroxy-
cerzir. des and w-glucosylceramides are attached w surface
proteins of skin, and inositol-phosphoceramices cre used
as membrane anchors for some fungal proteins ir a man-
ner analogous to the glycosylphosphatidylinosito! anchors
that are attached to proteins in other eukervotzs, Some
examples of sphingolipid structures are shown in Fig. 5.

854  Journal of Lipid Research Volume 46, 2005

TABLE 8. Sterol lipids [ST] classes and sabc asses

Sterals [£TO1]
Cho esterol and derivatives |ST0101]
Choleseryl esters [ST0102]
Pt tosserols and derivatives [ST0103
Marine sterols and derivatves [ST01(4]
Fungal sterols and derivatves [ST0106]
Sterodds [ST02]
Ci< steroids (estrogens) and derivatives [$T020 ]
Cyz steroids (androgens) znd dervatives [ST02(:2]
Cy steroids (gluco/mineralocortcoids, progesogins) and
derivatives [ST0203]
Secosterads [ST03]
Viamin Dy and derivatives [ST03)1]
Vizamin Dy and derivatives [ST03)2]
Bile acids and derivatives [ST04]
Cyy bile acids, alcohols, and derivatives [STV401]
Cys bile acids, alcohols, and derivatives [ST)402]
Cy7 bile acids, alcohols, and derivatives [STN403]
Caq bile acids, alcohols, and derivatives [STU404]
Stercid conjugates [ST05]
Gl curonides [ST0501]
Sulfates [ST0502]
Glurine conjugates [ST05(3]
Taurine conjugates [ST0504]
Hopanoids [ST06]
Other [ST00]

Sterol lipids [ST)

Tae sterol category i subdivided primurily on the bass
of tiolegical function. The sterals, of which cholesterol
and its derivatives are the most widely studied in mamma-
lian syst=ms, constitute an imdortan® zon ponent of meme-
brane | pids, along with the gycerophospaolipids and
sphingomyelins (30). There are mary exemoles of unizue
sterals from plant, fungal, and marine sor-ces that are
desiznated as distinct subclasses in this schera (Table 8.
The steroids, which also contain the same fased four rinz
core structure, have different biological roles as normanes

TABLE 9. Preno lipids [PR] classes ar d subelasses

_sopr=noids [PRO1]
C;, 130prenoids [PRO10T]
Cy¢ isoprenoids (monoterpenes) [PRU102]
C,: isoprenoids (sesquiterpenes) [PRUT03]
Cy isoprenoids (diterpenes) [PRC104]
Cqe isoprenoids (sesterterpznes) [PRO105]
Cy isoprenoids (triterpenes) [PROI0E]
Cy; isoprenoids (tetraterpenes) [FRO107]
Pokyterpenes [PRO108]

Quin-nes and hydroguinones [PROZ]
Ub:quir ones [PRO201]
Vitamin E [PRO202]
Vitarnin K [PRO203)

Polyprenods [PRO3]
Bactoprz=nols [PRO301]
Bacropr=nol monophosphztes [PRO3(R]
Bac opr=nol diphosphates [PRO3(3]
Phr opr=nols [PRO304]
Phytopr=nol monophosphztes [PEO3U5]
Phytoprznol diphosphates 'PRO306]
Dolicho s [PRO307]
Dolicho monophosphates [PRO3CS]
Dolicho diphosphates [PRJ309]

Other [PRO0]
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-2 o4 e s SR
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la Cholesterol and derivatives.
cholesierol; cholest-5-en-3[1-ol
/T\H
SV e, W
i |
i{ H H
.":."‘-:\ e -
P T =

HC

iz] C,g starcids (estrogens) and derivatives:
[+-estradial; 1,3 5[10]-esiratriene-3,17-dic

(6) Cpq stercids and derivatives:
cort sali 1117w, 21 -tribydroxypregn-4-are-3,20-dione

H

| H H
o - s . s
4 S i - T e

(b) Crolestery! esters
cho'est-5-en-34-y| dodecanoale

H
|
- i ks —
- - T -, A
| | w | w
HO' TS
H

{d) Cyq staroids {androgens) and derivatives:
andrasterone; 3o-hydroxy-5n-andrastan-17-one

N Secosteraids' Vitamir 0y and dervaives:
vitamin Dy, (5Z.7E 22E)-{38)-9,10-s000-5.7.10(19) 22
ergostaetracn-3-ol

15! Secaosteroids: Vitamin D5 anc gerivatives: vitamin Dy {52.?E}-{383-9,10-5eco-5,?.m{19:-cnclesra|'ien-3-o-

Fig. 6. Representuive structures for sterol lipi-s.

and signaliny molecules (31). These ar> subdivided on
the hasis of the number of carbons in the core skeleton.
The Cy steroids include the estrogen fanily, whereas the
Cyy steroids comprise the androgens such as testosterone
and androsterone. The Cyy subclass, containing a (wo
carbon side ~hain at the Gy, position, includes the pro-

gestogens as well as the glucocorticoids and mineralo-

corticoids, The secosteroids, comprising various forms of
vitamin D. are characterized hy cleavage of the B ring of

the core structure, hence the “seco” prefix (32). Additional
classes within the sterols category are the bile acids (33),
which in mammals are primarily derivatives of cholan-

Fahy et al, - Lipid classification system 835
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{h4 Co4 bile acids, alcohols, and derivatives:
ctolic acid; 3a,70,120-rihyc moxy-5[3-cholan-24-oic acic

(D) C27 bile acids, alcohels, 2nd derivatives:
3c,7a,120-trihydroxy-5p-cholestan-26-oic acid

b Steroid conjugates: Taurne conjugates: tauroc0lis acid;
~-(3c, 7@, 1 20-1rihydraxy-53-chalan-24-cyl)-taurine

0

o
Ho/ﬁ\\

0

n) Steroid conjugates: Sufates:
Sa-androstane-3a-ol-17-ome sultate

Fig. 6 Continued.

940 ¢ acid synthesized -rom cholesterol in the liver and
their conjugates (sulfu-ic acid, taurine, glydae, glucu-
ronic acid, and others). Sterol lipid structures are shown
in Fig. 6.

856 Journal of Lipid Fesearch Volume 46, 2005

“OH

(i) C=¢ bile acidg, alcohols, anc derivatmes:
Ju, e, 12a-trihydroxy-27-nor-58-cholestan-24-one

L

[ ’
I E ‘
oy & H
HO@%‘:’M s
H

(k Sterod conjugates: Glucurnices:
5c-androstane-3a-0l-17-one clucuron de

T

O
H
OH i N /\)K\N/\n/o“‘
;4, ~t ! o)

H

HO™

H

(7 Steroid conjugatzs: Glycne conjagates:
divzocholic ac d; N-{3a, 7o, 12a-tahyor axy-5f-
crolan-24-oyl}-glycire

i Hopancids: diploptene; rop-22(2=)-ene

Prenol lipids [PE]

F-enols are synthesized from :he five carbon precursors
iscpentenyl diphosphate and dimethylallyl diphosphate
that are produced mainly via the mevalonic acid pathway
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{a) Cs isoprenoids dimetylallyl pyrophosphate;
3-methylbut-2-enyl pyroshosphate
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T
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HO Yo7 N

{e) C.5 isoprenoids: manoalide

(1) Cag 1sopreraids: 35-squaiene-2,3-epoxide

Fig. 7. Repesentatve structures for prenal Lipids,

(34). In some bacteria (e.g., Escherichin coli) and plants,
soprenoid precursors are made by the methylerythritol
phosphate pathway (35). Because the simple isoprenoids
(linear alcohols, diphosphates, etc.) are formed by the
successive acdition of Cs units, it is convenient to classify
them in this manner (Table 9), with a nolvterpene sub-
class for thos = structures containing more than 40 carbons
(i.e., =8 isoprenoid units) (36). Note that vitamin A and
its derivatives and phytanic acid and its oy idation product
pristanic acic are grouped under Cy, iscprenoids. Caro-
tenoids are important simple isoprenoids that function as
antioxidants ind as precursors of vitamin A (37), Another
biologicully important class of molecules is exemplified by
the quinones and hydroquinones, which contain an iso-
prenoid tail atached to a quinonoid core of nonisoprenoid
origin. Vitamins E and K (38, 39) as well as the ubicui-
nones (40) arc examples of this class.
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(\/J\/\\\)\A/\\/\\/\Y\/>/f

{g) Cagq isoprenoids: fl-carotene
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(b} C. 5 isoprenoids: 2E-geraricl

\\//IJ\\

{d) Cyg isoprenaids: retinal vitamin A

=

ko

HO" ™0

Pl

= A ¥
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Polyprenols and their phosphorylated derivatives play
important roles in the transport of oligosaccharides across
membranes. Polyprenol phosphate sugars and polyprenol
diphasphate sugars function in extracvioplasmic glyco-
sylation reactions (41), in extracellular polysaccharide bio-
synthesis [for instance, peptidoglycan polymerization in
bacteria (42) ], and in eukaryotic protein Neglycosylation
(43, 44). The hiosynthesis and function of polyprenol
phosphate sugars differ significantly from those of the
polyprenol diphosphate sugars: therefore, we have placed
them in separate subclasses. Bacteria synthesize polvpre-
nols (called bactoprenols) in which the terminal isoprenoid
unit attached to oxygen remains unsaturated, whereas in
animal polyprenols (dolichols) the terminal isoprenoid is
reduced. Bacterial polyprenols are tvpically 10 to 12 units
long (40), whereas dolichols usually consist of 18 1o 22 iso-
prene units, In the phytoprenols of plants, the three distal

Fahy et al. - Lipid classification system 857
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(h} Ubiquirores: ubiguinone-10 (Co-Q10);
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Fig. 7. Continued.

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

Saccharolipids [SL]

We have avoided the term “glycolipid” in the classifica-
tion scheme to maintain a focus on lipid structures. In
fact, all eight lipid categcries in the present scaeme include
impzrtant glycan derivztives, making the term glycolipid
in-cmpatible with the cverall goal of lipid categorization.
W= have, in addition, coined the term “saccharolipids™ to
desecribe compounds in which fatty acids are linked di-
rectly to a sugar backbene, forming structures that are
compatible with membrane bilayers. In the saccharolipids
(Tzble 10), a sugar subsiitutes for the glyczrol backbone
that is present in glycerclipids and glycerophospholipids.
Saccharolipids can occur as glycan or as phosphorylated
de-vatives. The most familiar saccharolipids are the ac-

€53 Journal of Lipic Research Volume 45, 2005

() Bactoprenol diphosphates:
The Lipid |' peptidoglycan precursor in Z. cof; undecaprenyl diphosphate glycen

(i) vitam n K: v tamin K5(32):
2-metnyl, 3-hexapranyl-1.4-naphthoquinane. menaquinone-6

(k) Doichols Dol-19; u-dinydononadecaprenc!

ylated glucosamine precursors of the lipid A cemponent
of the lipopclysaccharides in Grem-negative bacteria (41).
Typ -al ‘ipid A molecules are disaccharides of glucosamine,
which are derivat zed with as many as seven fatty acyl chains
(4.. 45", Note that in naming these compounds, the total
numbe - of fatty acyl groups are counted regardless of the
nature of the linkage (i.2., amide 5= ester). The minimal lipo-
pclssaccharide required for growth in E. coli is a hexa-acyl-
at=d lipid A that is glycosvlated with, :wo 3-deoxy-p-manno-
ocrilosonic acic residues (see below). In some bacteria,
the glucosamine backbane of lipid A is replezec by 2,3-
diamino-2,3-diceoxyglucose (46); therelore, the class has
b=en designated “Acylaminosugars.” Included also in this
class are the Nod factors of nitrogen-fixing bacteria (47),
such 2s Sinorhizobium nelilot’. Thz Nod factors zre oligosac-
ctarides of glucosamine that are vsually derivatized with a
sizgle fatty acyl chain. Additional saccharolipids include
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Fig. 8. Represontuive structures for saccharolip ds.

fatty acylated cerivatives of glucose, which are best exems
plified by the zevlated trehalose units of cetain mycobac-
terial lipids (11). Acvlated forms of glucose and sucrose
also have heer reported in plants (48). Some saccharo-
lipid structures are shown in Fig. 8.

TABLE 10, Siccharolipids [SL| classes and subclasses

Acvlaminosugars [SLO1)
Monoacylaminosigars [SLO10] ]
Digcylammosugars [SLO102]
Triacylaminosugars [SLO103]
Tetraacylammaosugars [SLO104)
Pentaacylaminosugars [SLO1NS]
]-lcx.'u\cl\]nmin:lslrgnrs [SLO106]
Heptaacylaminosagars [SLO107]

Acylaminosugar glveans [SL02]

Acylirehaloses [S1L03]

Acylrehalose glyeans [S1.04]

Other [SLO0O]

i) Acylamiresugar glycans: Kdoalipd A

Polyvketides |PK]

Polyketides are synthesized by classic enzvmes as well as
iterative and multimodular enzymes with semiautoncmous
active sites that share mechanistic features with the faty
acid synthases, inchiding the involvement of specialized
acyl carrier proteins (49, 50); however, polyketide synihases
generate a much greater diversity of natural product struc-
tures, many ol which have the character of lipids. The
class T polyketide svnthases form constrained macrocyclic
lactones, typically ranging in size from 14 to 40 aioms,
whereas elass 11 and 111 polvketide synthases generate com-
plex aromatic ring systems (Table 11). Polvketide nack-

TABLE 11.

Palyketides [PK] classes and subclasses

Macrolide polvketides [PRO1 ]
Aromatic polvketides [PKO2]

Nonrihosomal peptide ‘polvketide hivhriels [PR03)
Other [PROO]

Faly et al. Lipid classification system 859
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(c) Palyketide hybrids: epothilone C

Fig. €. Representative structures for polyketides.

bones are often further modified by glycosylat.on, meth-
ylation, hydroxylation, oxidation, and/or otler processes.
Sone polyketides are linked with nonribosomrelly synthe-
sizad peptides to form qybrid scaffolds. Exemp es of the
threz= polyketide classes are shown in Fig. 9. Many commonly
us=a antimicrobial, antiparasitic, and anticanzer agents are
pclyketides or polyketide derivatives. Impor-ant examples
of these drugs include erythromycins, tetracylines. nystatins,
avermectins, and antitumor epothilones. Othe- polyketides
are potent toxins, The possibility of recombining znd reengi-
neering the enzymatic modules that assemtle polyketides
has recently stimulatec the search for novzl “unnatural”
natural products, espec ally in the antibiotic arer a (51, 52).

We consider this mirimal classification of polyketides as
the first step in a more elaborate scheme. It wil” be impor-
tant ultimately to include as many polyketide structures as
possible in a lipid datebase that can be sezrchzd for sub-
sirocture and chemica. similarity.

DISCUSSION

The goals of the LIPID MAPS initiative are tc haracterize
<r.own lipids and identify new ones, to quantitate temporal
wid spatial changes in lipids that occur with cellular metab-
slism, and to develop Sioinformatics approaches that estab-
lish dynamic lipid networks; the goals of Lipid Bank (Japan)
are to annotate and curate lipid structurzss aad the liter-
arure associated with them; and the goals of the Furopean
Lipidomics Initiative are to coordinate and organize sci-
e-tific interactions znd workshops associated with lipid
research. To coordinate the independent =fforts from
three continents and to facilitate collabcrative work, ¢
comprehensive classification of lipids witk.  common plat-
form that is compatible with informatics requirements
rust be developed o deal with the massive amounts of
dita that will be generated by the lipid conmunity. The

850  Journal of Lipid Research Volume 435, 2005

o] OH HO‘ O’}h 0‘\
A v
~ ~F

5 OH OH O

_0

() AroT atic polyketides: griseorhadin A

proposed classification, nomenclature, anc¢ chemical rep-
resentation system was initia’ly desizned 1o accommodate
the massive data that will result fror. the LIPID MAPS ef-
for-, but it has been expanded to accormodate as rrany
lipids as possible, We also have atempted make th= sys-
ter compa-ible with existing lipid databases and the lip-
ids currently annotated in them. It is Ces gned to be ex-
pandable should new categories, classes, or subclass=s be
required in the future, and apcates will be maintained on
tke LIZID MAPS website. The developmen: of this svstem
has been eariched by interaction with lip:dologists zcross
th= werld in the hopes that this system il be internation-
a'F/ accepted and used. Bl
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rect urit should be mM. This error appeared initia ly online but bas since been corrected.
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This article is reprinted from Hoppe-Seyler's Zewschrift hir
Physiologische Chemie, Volume 358, Pages 617-631, June 1977.
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In 1967, a “Document for Discussion™ on lipid
nomenclaturel!] was issued by CBN. It included
a special system for the designation of configura-
tion in glycerol derivatives that deviated con-
siderably from standard stereochemical nomer.-
clature. This system is dased upon a fixed num-
bering (*‘stereo-specific numbering”) fcr glycerol,
ragardless of substituents. It was hoped!!! tha:
“d:scussion will lead shortly to the formulatior™
of recommendations acceptable to chemists in the
fiedd of lipids.

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

the Commissions on the Nomenclature of Organic

Chemistry (CNOC) and Inorganic Chemistry

(CNIC) issuad, in 1973, “Nomenclature cf Or-

ganic Chemistry Section D”(2}, whick: includes a

section on the nomenclature of phosphorus-con-

taining organic compounds and necessitates a

reconsiceration of the earlier nomenclaturel'] in

this area.

The present **Recommendations 1976 are Dased

on reports of working groups on lipicsf and

glycolipids# Tke main features are:

1. the system of stereospecific numbering is
retained.

2. semisyst=matic nomenclature is extended to
the ptasmalcgens;

3. a semisystematic nomenclature fcr higher
glycosphingolipids, based on trivial mames for
specific ~ri- and tetrasacchasides, is proposed.

RECOMMENDATIONS

L FATTY ACIDS, NEUTRAL FATS, LONG-CHAIN ALCOHOLS AND LONG-CHAIN 3ASES

4, Generic terms

Lip-1.1. The term fatty acid designates any dne
of the aliphatic morocarboxylic acids that can

be liberated by hydrolysis from naturally oczur-
ring fats and oils. In the terms “free fatty acids”
or “nonesterified fatty acids”, now widely in use,
“free” and “nonesterified” are actually redundant
and should be omitted (See Lip-1.14). [The
designation *‘aliphatic carboxylate (C,¢-Cs¢.,
nonesterified)” used by the Commission o1 Quan-
tities and Units in Clinical Chemistry is correct,
but rather cumbersome.] Whenever the sum of
fatty acids and ther esters is determined ty an
analytical method, this should be explicitly
stated. (See also Lip-1.6).

e CBN does not wish to imply that the idea oZ stereo-
specific numbering should be applied tc other groups of
compounds. It is the symmetry of glycerol itself but
the asymmetry of its derivatives carrying differ=nt
substituents at O-1 and O-3, as well as the unigu= place
of these compounds in lipid metabolism, that makes this
special treatment desirable,

Lip-1.2. Neutral fats are mono-, di- or triesters 07
glycerol with fatty acids, and are therefore termed
monoacyiglycerol, diacylglycerol cr triacylgly-
cerol, as sppropriate. “Acylgycercls” includes
mixtures of eny or all of these.

Comment:

i) Tte term “zcyl™ is used in Organic Nomenclature
to denote the -adical formed by loss of the OH grous
from the acid function of any acid (cf. Lip-1.6). We are
conearned hers with acyl radica’s of al-phatic carboxylx
acids with four or more carbon atoms, the larger members
of whick 1> C o) are also known as “highzr fat:y acide.”

3]

f Members of the Working Group on Lipid Nomenelature:
H. Hirschmarn (U.S.A.), P. Karlson (Germany, corvenor),
W. Stofi< (Germany), F. Snyd=r (U.£.A.), S. Veibel
(Denmask), F. Vogtle (Germamy).

£ Members cf the Working Group on Glycolip.d Nome-
clature: 5. Basu (U.S.A.), R. Q. Bradr (U.S. A,

R. M. Burton (U.S.A.), R. Caputto (Argentima), S. Ga:t
(Israel), 5. 1. Hakomori (U.S.A.), M. Phil-ppart (U.5.A.),
L. Sver.merholm (Sweden), D. Shapire (Israel),

C.C. Sa=eley (U.S. A.), H. Wizgandt (Germany;
conveno:).

IUPAC-IUB Tommission on Biockemical Nomenclature Nomenclature of lipids
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{f} The old terms monoglycer:de, diglyceride and tri-
glyceride are discouraged and should progressively he
abandoned, not only for consistency, but mainly be-
cause strict interpretation does not convey the intended
meaning. “Triglyceride”, taken literally, indicates three
glyeerol residues (e.g., cardiolivin), diglyceride two (c.g.,
phosphatidylglycerol), and a m onoglyceride is 2 mono-
acylglycerol,

Lip-1.3. The generic term “long-chain alcohol”
or “fatty alcohol” refers to an aliphatic compound
with a chain-length greater than C, that possesses
a terminal CH, OH group, Such alcohols should be
named according to systematic nomenclature!3!.
(e Lip-1.7).

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

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

Lip-1.5. The following generic terms are used for

the folowing groups of compounds:

a) sphingolipid, for any lipid containing a
sphingoid;

b) ceramide, for an N-acylated sphingoid;

¢) sphingomyelin, for a ceramide-1-phospho-
choline (see ref.12] for this use of “phospho”’;
also Lip-2.11);

d) glycosphingolipid, for any lipid containing a
sphingoid and one or mor= sugars. (See sec-
tions [, B, 2 and 11, A for other generic terms).

3. Individual compounds

1. Fatty acids and alcohols

Lip-1.6. Fatty acids (cf. Lip-1.1) and their acyl
radicals (cf. Lip-1.2, comment i) are named ac-
cording to the IUPAC Rules for the Nomenclature
of Organic Chemistry (ref.[3], Rule C-4). (A list
of trivial names is given in Appendix A.) Fatty
acids are numbered with the carbon atom of the
carboxyl group as C-1. By standard biochemical
convention, the ending -ate in, e.g,, palmitate
denotes any mixture of the frze acid and its ion-
ized form in which the cations are not specified.
The ending -ate is also used to designate esters,

Journal of Lipid Research Volume 19, 1978

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

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

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

2. Sphinganine and derivatives

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

Lip-1.9. Trival names of higher or lower homol-
ogs of sphinganine may be derived by adding a
prefix (ref.13], Rule A-1) denoting the total num-
ber of carbon atoms in the main chain of the
homolog, e.g., icosasphinganine® for the C,,
compound (III), hexadecasphinganine for the C,4
compound.

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

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

Y
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configuration imphied]

CHOH
Ymim NH;
K~ |‘I? - 04
(Chohg
o,
i

Icosadphinganine™

CHyOH
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Hom O OH

C—H
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H=C
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Sphingosine;
trans-4-sphingermine;
(4E)-sphingeninz;

(25,3R 4E)-2-anino-4-

octadecene-1,3-diol.

CHOH
BN —=H
" -L' -
[Chly
th
i
(2R ,3R)- (01 C-threo-)

2-Amino-1,3-xcta-
decanediol

CHy0H
P —
-
H—é‘—ﬂh'
."E'H;f;;
o

v

4D-Hydroxyephinganine;

(25,35,4R )} 2-emino-
1,3,4-octadecanetriol;
(phytosphingcsine).
ok
HomC =Ny
]
Ho=C~=JH

C-#

cis-4-Sphingenine;
(4Z)-sphirgenine.

* Formerly eicosasphinganine (see foctncte d in

Appendix A).

Sohingoids differing from sphinganine in their
canfigurations at C-2 andjor C-3 should not be
nimec as derivatives of srhjnga.ninc, bu: with
fully svstematic names(3!, using the przfixes
D-threo, L-erythro, as approprizte, e.g., D-threc-
2-amino-1,3-octadecanediol, or (2R, 3R)-2-amino-
1,3-octadecanediol, for II (cf. Rule Carb-8 in
ref.[51), (cf. Lip-1.11, ex. 4).

Comment, The semisystemacic nam.es for tae sphingoids
are sig~ificantly shorter than the fully systematic names
cnly if the terms chosen imply not only substituent: but
also configarations. Therefore, the name “sphinganinz"
specifies the D-eryrhro configuration, and it is logical,
that the names of stereoisomers of sphinganime differing
in configuration at C-2 and/or C-3 thould not incluce
“sphinganine” as a root. (This reconm=ndztion differs
from that :n the previous dozument!!])

The configurations usually encountered have ideatizel
configurational prefixes only if a D/L but not if the R/S
:ys(em[f" is used; e.g., C-3 is D anc R -n icosasphinzanine
11I) end D and § in 4D-hyd-oxysphinganine (IV). When-
=ver i1 is desirable to use the R/S svstem, thz fully sys
tematic nzme should be used with the specificat:on of
configuration at every center (and, when applicable, of
the canfiguration at the double bond) x
Examples:

(2R ,3R)-2-amino-1,3-octad=canediol, for II;

(28,23,4F }2-amino-1,3,4-octadecanerriol for IV;
(28,2R ,4E)2-amino-4-octadecene-1,3-dio. for sphin-
gosire (V). (See also Lip-1.11.)

Lip-i.11. Names for unsaturzted compouncs arz
derived from the names of the ccrresponding
saturated compounds by the appropriate infixes,
namely zne, diene, yne, etc.(3], I the geometry
of t=e double bond is known, it should be indi-
cated by the more modern E/Z system (cf.[%],
Rulz E-2.2), e.g., (4E)-sphingenine for sphin-
gosine (V).

The trivial name sphingosine (V) is retained. If
trivial names other than sphingosine are used, they
should be defined in each paper in terms of this
nomenclature, or of the general nomenclature of
orgznic chemistry(3].

Other names for the substances described in Lip-1.10
anc Lip-1.11:

4D-nyd-oxysphinganine for IV, Jormerly known as
ph¥tosphingosine;

(4E)-spaingenine for sphingosine (V);

(4Z)-sphingenine for the geometric isomer of spkin-
gosxne (VI);

D-ihrec-2-amino-1,3-octadecanedio. for the C-2 zimer
of sphinganine (1I); cf. Lip-1.10 Ex. 1.

TUPAC-"UB Commissicr. on Biochemical Nomenclatuve Nomenclature of lipids
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3. Glycerol derivatives

Lip-1.12. Esters, ethers and other O-derivatives
of glycerol are designated according to Rule
Carb-15 of the Rules of Carbohydrate Nomen-
claturelS! i.e. by a prefix, denoting the substituent,
preceded by a locent. If the substitution is on a
carbon atom, the compound is designated by its
systematic name ar d not as a derivative of glycerol
(e.g., 1,2,3-nonadezanetriol for C,4H33CHOH-
CHOH-CH, OH, which could be considered as
1-C-hexadecylglycerol). It is permissible to omit
the locant “O " if tte substitution is on the oxy-
gen atoms of glycerol,

Examples: tristearoylg.ycerol or tri-O-stearoylglycerol or
glycerol tristearate, or glyceryl tristearate:
L,3-benzylideneglycero! or 1,3-O-benzylideneglycerol;
glycerol 2-phosphate (a permissible alternative to this
term is 2-phosphoglycesol).

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

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

Examples:

sn-glycerol 3-phosphate for th: sterecisomer

(VII = VIII), previously knowr. as either L-o-glycero-
phosphoric acid or as D-glycercl 1-phosphate;
rac-1-hexadecylglycerol;
1,2-dipalmitoyl-3-stearoyl-X -glycerol,

Journal of Lipid Research Volume 19, 1978

Comments

1) The problem of distinguishing between stercoizomers
was discussed in exrenso in the 1967 document!1]. In
brief, difficulties arise because glycerol is a prochiral
compound. The parent substance of many phospholipids,
natural glycerol phosphate, has been named both as L-a-
glycerol phosl:uhaual“'r (VII) and, according to standard
rules of nomenciature, D-glycerol 1-phosphatel 8] "v11),
When the R/S system (sequence rule) is applied, substitu-
tion of one of the primary hydroxyl groups often leads
to changes in the configurational prefix, thus abscaring
chemical and biogenetical relationships; it is generally
inapplicable to the steric description of such mixtuzes

as occur in triacylglycerols isolated from natural sources:
The stereospecific numbering of f[ycerol and its deriva-
tives as proposed by Hirschmann 91. described above
(and in ref.[1]), avoids these difficulties; it has proved
useful and is widely accepted.

ii) The enantiomer of sn-glycerol 3-phosphate (VI1) is

sn-glycerol 1-phosphate (1X), as is evident from the
structures.

CH0H CHOPOLH, CHOPCH,
H!?—;_i'--# . ﬁ-—;f—mr m-—ic-y

:prajﬂ; CHioH CHoH

vir - v )

sn-Glycerol 3-phosphate

{L-(glycerol 3-phosphate)
= D-(glycerol 1-phosphate)|

sn-Glycerol L-phosphate
| L-(glycerol 1-phosphate)
= D-(glycerol 3-phosphate))

C. Symbols and abbreviations

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

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

Lip-1.15. In tables and discussions where various
fatty acids are involved, the notation giving the
number of carbon atoms and of double bonds
(separated by a colon) is acceptable, e.g. 16:0 for
palmitic acid, 18: | for oleic acid. Also, terms
such as “(18:0)acyl” may be used to symbolize
radicals of fatty acids. (See Appendix A).
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Commen-. This system is already widely used. 1t should,
however, bz kept in mind that it sometimes does not
completely specify the fatty acid. For example, a-lino-
lenic acid and y-linolenic acid are both 18: 3 acids; the
designat.01 18: 3 is therefore am>iguous. In such a case,
the posizion of double bonds should be indicated, e.g.
18:3(9 12,15) for (9,12,15)linolenic acid, formerly
known 1s e-linolenic acid.

Lip-1.1€. It is sometimes desirable (for example,
in discussing the biosynthes:s of lipids) to indi-
cate the position of each dcuble bond with
reference not to the carboxyl group (always C-1),
but to the end of the chain remote from the
carbexyl. If n is the number of carbon atoms in
the caan (i.e., the locant cf the terminal methyl
grou) and x is the (lower) locant of the double
bong, the position of the double bond may be
defimed as (n minus x). Thus, the common posi-
tion of the double bond in oleic and nervonic
acids may be given as 18 — 9 and 24 — 9, respec-

tively. This structu-al r2gularity should not te
er.pressed as w9.

Lip-1.17. The system described in Lip-1.15 may
a'so be used to demote alcohols and aldehydes
r=lated tofatzy ac.ds, provided that the nature of
the residue is clea-y indiczted either 5y the ap-
propriate name of the compound(s) [e.g. (18:1)-
alcohol] or in the heading of the tablz. The 1-ene
of alk-1-en-1-yl (re., 1-alkenyl) compounds is not
counted in this svstem (see Lip-2.10. comment).

Lip-1.18. For rmany complex lipids, a represen-
tation of the structures using symbcls rather than
structural farmulae may be useful. Symbols pro-
posed for variots constituents are given in Ad-
pendix B (sze also ref.119), and, for glycelipids, in
Lip-3.13. They are consiructed in znalogy to
those in use for amino acids!!!], nucleosides!!2!
and saccharides{!3].

11. PHOSPHOLIPIDS

A. Generic terms

The Rules of The Nomenclature of Organic Phcs-
phorus Compounds (also known as D-Rules)!?]
recognize, for biochemical usage, the prefix
phospho- as an alternate to O-phosphono- (ot
N-zhosphono). By a similar convention!!0l, -5hos-
pho- may be used as an infix to designate the
phosphodiester bridge present in such compoinds
1s glycerophosphochdline. The use of root names
like “phosphatidic acid” is retained and extended
(Lip-2.3 - 24).

Lip-2.1. Phospholipil may be used for any !ipid
containing phosphoric acid as mono- or dieszer.
Likewise, lipids containing C-phosphono groups
(e.g. compound X) may be termed “‘phosphono-
lipids.”

Lip-2.2. Glycerophospholipid signifies any ceriv-
ative of glycerophosphoric acid that contains at
Jeast one O-acyl, or O-alkyl, or O-(1-alkenyl)
zroup attached to the glycerol residue. Generic
names for other classes of phospholipids mzy be
coined according to this scheme, e.g., sphingo-
phospholipid, inos:tolphospholipid.

Commeni. Th= old terms, “phosphatide,” * phospho-
glyeride,™ and *'phosphoinositide” are no langec recom-
mended because they dc not convey the intended
meaning {see £lso Lip-1.2).

Lip-2.3 Phosphatidic acid signifies a derivative
of a glycerod phosphate (glycerophosphate) in
which Soth remaining hydroxy groups cf glycerol
are esterifiad with fatty acids. The position of
the phosphate group may be emphasized by
stereospecilic numbering.

Commesnt. =or the mast common (3-n)-phasphatidic

acid and its derivatives, the locants ar= often omitted.
However, “'chosphatidy]” without locants can lead to

C50-CO0R
RO0-=C=H CH9— COR
S0P (D~ NH,  HdyP—0= é—,v
o CHG—COF
ok X
A phospeonoldipid 2-Phosthatidic acid

IUPAC-IUB Commission on 3iochemical Nomenclature Nomenclature of lipids
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ambiguities. [t is therefore preferable to use the proper
Iocants, for example, 2-phosphatidic acid for compound
XI, and 3-sn-phosphatidylserine for Xlla.

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 name, lecithin; the systematic name
is 1,2-diacyl-sn-glycero-3-phosphocholine); 3-sn-
phosphatidylserine; 1-phosphatidylinositol (see
-omment ii below); 1,3-bis(3-sn-phosphatidyl)-
Aycerol,

CHy0 —C0R

RO—0=C=H M,
I |

T4 — P — 0 — Chy~CH — COM
|

OH
Xl a

Phosphatidylserine (3-sn-phosphatidylserine)

0 ~COR
Ho=L=H 4 Wy
: I i
CHAD—~P— 0 — Ly~ 2H—COH
|

0K

Xity
A 2-lysophespholmpid

Comments

1) I* is understood that, in combination with compounds
like ethanolamine (properly, 2-aminoethanol) or serine,
which bear both hydroxyl and amin> groups, substitu-
tior by phosphorus is at the hydroxy! group of the
cthanolamine or serine. Substitution at any other posi-
tior, or where confusion may arise, requires a locant.

1) The phosphorylated derivatives of 1-(3-sn-phospha-
tidyl)inositol should be called I-phosphatidylinositol
4-plosphate and 1-phosphatidylinositol 3,4-bisphos-
phate, respectively. The use of ““diphasphoinositide™
and “triphosphoinositide” for these s discouraged, as
these names do not convey the chem:cal structures of
the compounds and can be misleading, (Cf. also Tahle [V
inre”. 10 ).

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

Journal of Lipid Research Volume 19, 1978

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

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

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

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

the glycerol moiety bears an 1-alkenyl ether group,

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

Comments

i} The use of “phosphatidyl"” as a name for the acyl
radical of phosphatidic acid has facilitated the nomen-
clature of its various compounds (see Lip-2.4). Therefore,
it seems logical to offer a similar short term for X111,

te., “plasmenic acid,” as an alternative to the more sys-
tematic name, 2-acyl-l-alkenyl-sn-glycerol 3-phosphate,
which, of course, may be used if desired. “"Plasmenic”

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

1i) Isomers like those bearing the phosphate residue in
position 2 (e.g. campound XIV) should not be named

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

CH0—CH=CHR CH0-CH=CHER

RC0-0=C—4 HplyP -0 = K
CH0 - Pa, CHa-COR
xin v

A plasmenic acid 3-Acyl-1-(1-alkenyl)-

sn-glycerol 2-phasphate
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Lip-2.9. The term lysoplasmenic acid may be
used for a derivative of sn-glycero-3-phosphate
that has an O-(1-alkenyl) residue on carbcn-1, the
nydroxyl group in position 2 being unsubst:tuted
(XVa). This name may also be used in combina-
tions like “lysoplasmenylethanolamine’ (XVb).

CHO~CH=CHR
ﬂﬂ—%‘-—ii 0 Chyd Lt~ CHyR
il*@a—}—w' m—a-:f- H
o CHi Pty
xv Xv
XVa: (R' = H): A plasmanic az:d

a lysoplasmenic acid
XVb: (R' o CHQCH;NHQ)
a lysoplasmenylethanolamine

Lip-2.10. For compounds of type XVI, bearing a
saturated ether group in position 1 and ar acyl
group in position 2 of sn-glycero-3-phosphate, the
term plasmanic acid is proposed. Compaounds
deacylated in position 2, or with a sudbstituent on
the phosphoric rasidue, can be treated as are the
plasmenic acids (Lip-2.9).

Comment. The proposed names will be especially useful
for naming phosphoric diesters (phosphodiesters), such
as e.g. plasmanylethanolamine, instead of 2-acvl-1-alkyl-
sn-glycero-3-phosphoethanolamine. The terrs “plas-
manic acid” and “plasmanyl” may also be applied to
ethers with an alk>l group bearing a double bend within
the chain, e.g. a 9-hexadecenyl residue (derived from

I11. GLYCOLIPIDS

A. General considerations

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

1UPAC-iUB Commission

palmitolec acid). In such cases, the proper term “al-
kenrl”, if usec without the ene locant(s), wou!d be
mislzadinz. (S2e Lip-1.17).

B. Individual compounds

Lig-2.1!. Individual glyceraophospholipids in
which t=e substituents can be specified are namz4
according to existing Rules'2:3:5.5] using the in-
fix -phospho-12:10] to indicate the phosphodiester
bridge.

Example. 2-Palmitoyl-1-stearoyl-snglycero-3-phosphe-
etkanolemine for compound XVII.

Oy — L g
r.;ﬁ,,m—a-fc-y .
Dh0-P~0-Chy-Chy -,
o

Xxvi
2Palmroylk1-stearoyl-sn-glycero-3-phosphozthanolatine

Lip-2.!2. The ketone derived from glvceral,
1.3-dihydroxy-2-propanone, also known as diny-
¢roxyacetone, may be termed “glycerone”, if
czsired. The name is a contraction of “glycero-
kztors”, and may be useful to emphasize the
relationship with glycerol, glyceraldeh.yde /gly-
ceral), and glycerate. It also permits a simple
symbolism (Appendix B} and the naming of
derived lipids, e.g., 1-palmitoyl-3-phosphogly-
serome,

glycosphingolipids, especially the gangliosides,
narming problems arise from the comglexity of
the zarbohydrate moiety of these compounds.
The systematic names cf the oligosaccharides
linked to ceramide are so cumbersome that they are
of the same practical valu€’as, e.g., the systematic
namee for a peptide hormone such as :nsulin. It
was felt that this difficulty could be overcome
only by creating suitable triv.al names for some

on Bizcherical Nomenclature Nomenclature of lipids
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parent oligosaccharides. In constructing these
names (see Table ) the following principles were
observed

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

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

3. Differences in linkage (e.g., 1 =4 versus 1 - 3)

in otherw se identical sequences are indicated by
iso- or neo-, used as a prefix.

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

B. Generic terms

Lip-3.1. The term glycolipid designates any com-
pound containing one or more monosaccharide
residues lirked 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. Tae term glycoglycerolipid may be

used to designate glycolipids containing one or
more glycerol residues,

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

Neutral glycosphingolipids:

monoglycosyl- and oligoglycosylsphingcids;
monoglycosyl- and oligoglycosylceramices.
Acidic glycosphingolipids:
sialosylglycosylsphingolipids (gangliosides);
sulfoglycosvisphingolipids (formerly “sulfatides”,
which is no- recommended) (¢f. Lip-3.1.).

Lip-3.4. Psvchosine may be used as a geaeric
name for I-monoglycosylsphingoids, although

Journal of Lipid Research Valume 19, 1978

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

Lip-3.5. The term fucolipid may be used to des-

ignate fucose-containing neutral or acid giycolipids.

C. Individual compounds*

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

Example: compound XVII may be named either 1,2-
diacyl-3-8-D-galactosyl-sn-glycerol or 1,2-diacyl-sn-gly-
cerol 3-f-D-galactoside,

CHO—COR
REO—0—C—=H
wack, 0
W
L
A
xvig

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

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

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

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

* “Individual in this section refers to the
carbohydrate moiety only.
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Lip-3.9. Glycosphingolipids carry ng fucose ei-
ther as a branch or at the end of an oligohexosyl-
ceramide are named as “fucosvl{X)osylceramide”
where (X) stands for the root name of the oligosac-
charide. The location of the fucosyl residue is in-
dicated by a Roman numeral designating the posi-
tion of the monosaccharide residue in the parent
oligosaccharide (counting from thz ceramide end)
to which the fucose residue is attzched, with an
Arabic numeral superscript indicating the position
within that residue to which the fucose is attached.
If necesszry, the anomeric symbo. can be used as
usual, i.e., preced:ng “fucosyl-.”

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

lactosylceramide for Gal(81—4)GlcCer;
mucotriaosylceramidz for Gal (81-+4)Gal(81-+4)GlcCer;
[112-o-fucosylisoglobotriaosylceramide for
Fuc(al-+2)-Gal(al—3)Gal(g1-+4)Glc{f1-+1)Cer

Lip-3.10 Sialoghycosphingolipids (synonym:
gangliosides) are giycosphingolipids carrying one
or more sialic residues. Sialic acid is the generic
term for N-acety.- or N-glyccloyineuraminic acids
(cf. Section 3 in ref.[1), Gangliosides are named
as N-acetyl- (or N-glycoloyl-] neuraminosyl{X)-
osylceramide, where (X) stands for the root name
of the nzutral ol:gosaccharide to which the
sialosyl residue is attached (cf. Table I). The posi-
tion of the sialosyl residue is indicated in the same
way as in the case of fucolipids (see Lip-3.9),e.g.
113-N-acetylneuraminosyllactosy lceramide for
AcNeu(x2-3)Gal(81-+4)Glc[f1=1)Cer.

Lip-3.1!. Glycosphingolipids cerrying a sulfuric
ester (sulfate) group, formerly called sulfatides,
are preferably named as sulfates of the parent
neutral glycosphingolipid. The location of the
sulfate Zroup may be indicated 1s in Lip-3.9.

Example: lactosy.ceramide 113 sulfate

Lip-3.12. Phosphoglycosphingolipids with chos-
phodiester struc-ures are named according to the
recommendaticr. for the phospholipids (see Sec-
tion 117,

* D is emitted by convention :n the abbreviated for-
mulas, but D (or Z) may be inserted when desirable. Hy-
phens {-nr repiace left-to-right arrows (see Section 3.4
of ref.[131),

D. Symbols and abbreviations

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

Examples are given above, and in Tablz I and
Appendix C.

However, due to the comp.exity of the higher
glycosphingolipids, this often results in very long
and cumbersome series that are not ecsy to
comprehend. /1 is therefore recommended that
the oligosaccharides listed in Table I be repre-
sented by specific symbols in which the number
of monosaccharide unirs (-oses) is indicated by
Ose,,, preceded by two letiers representing the
trivial namz of the oligosaccharide (column 3).
For a short form_ whica may b2 reju_red in the
case of limited space o frequent repetition, Ose
can be omitted (column 4); howevsr, the long
form is preferred as being more evocztive.

Examples:

(:) McOseqCer for mucotriaosylceramide,
Gal(p1-4)Gel(81-4)Glc(1-2 )Cer;

(i) I3 AcNeu-GgCse 4Cer for 113.N-acetyineuraminosyl-
gangliotetraosylceramide, Galg1-+3GallNA 2814 Gal-
«3=2aNeuAc)gl—-4Glegl—»1Cer (see Lip-3 14 for this
rode of representing a branched chain).

Abbreviations fcr the more importar.t gangliosides
ere given in Appendix C.

Lip-3.14. When it is cesirable to reprssent a
branched oligosaccharide on a sinzle line, as in
running text or a table, the parentheses surround-
:ng the locants in the main chain may be omitted
and used instead to enclcse the symools for the
branched portien(s) of the molecule. The branches
follow, in parentheses and with appropriate ar-
rows, the residues to which they are attached.

Examples:

(i) NeuGea2-3Galgl—3GalNAcf1—+45a (3+2aNeuGe)
$1-+4Glefl-+1Cer;

(ii) NeuAca2—3Galgl—3GalNAcI1—+4Gak3+2aNeuAc-
8+2aNeuAc)fl—+4Glcgl—1Cer;

(i) GalNAcal—3Gal(2+1aFuc)gl-+«GkNAc(3+-1aFuc)
-81-3Galg1-4Glzp1-1Cer = 11131V 2-a,aDifucosyl-
-1V3.a-2-acetamido-2-deoxygalactosyineolactotetraosyl-
ceramide = I1131V2(Fuca) s, IV3GalNAcenLcOse4Cer.

[JPAC-IUB Commis-on on Biochemical Nonenclarure Nomenclature of lipids
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IV. NEURAMINIC ACID

Lip-4..;. The compound 5-amino-3 5-dideoxy-p- F_Wn' _g g
glycerc-p-galacto-nonulosonic acid is neuraminic |
acid (XIX), with the symbol Neul!!], a1 CHy
[ 1
Lip-4.2 The term “sialic acid” signifies the | | HEOH
N-acylreuraminic acids and their esters and other ! i}‘r =
derivatives of the alcoholic hydroxy. groups. ! ‘Wf
Lip-4.3. The radicals resulting from the removal |\ wwe
of a hycroxyl group of neuraminic acid or sialic HCOH
acid are designated as neuraminoyl o- sialoyl, { |
respectively, if the hydroxyl is removed from the fan WCoH
carboxyl group, and as neuraminosyl and sialosyl, (5) CHpON xir
spectively, if the hydroxyl group is removed _ ,
;e pec;.: Y, if ; h_y b }’tg l?th‘ 0 Neuraminic acid
rom the anomeric carbon atom o 2 cyclic s_hmmo-j},S-dideaxy—[}-g!'ycem-[)-galafro—nonuiopyrano—
structure sonic acid =
(a) (b)
Table I. Names and abbreviations of simple g ycolipids and of their oligosaccharides.
Glycolipid structure® Oligosaccharide —\
! _— b l i Short
| Trivial name | Symbol symibotd
Gal(al-4)Gal(81-4)GlcCer | Slobotriaose | GbOse; Gby
GalNAc(p1-3)Gal(al-4)Gal(81-4)GleCer | Globotetraose | GbOsey | Gbs
Gal(al-3)Gal(B1-4)GlcCer | Lsoglobotriaose | iGbOses | iGby
GalNAc(i1-%)Gal(al-3)Gal(81-4)GleCer | Isoglobotetraose | iGbOsey | iGba
Gal(81-4)Gal(81-4)GlcCer Mucotriaose | McOsey Mi;
Gal(81-3)Gal(81-4)Gal(81-4)GlcCer | Mucotetraose ) | McOs_e&_ —— Mceq
GleNAc(81-3)Gal(81-4)GlcCer | Lactotriaose ' LcOseq { Les
Gal(81-3)GIcNAC(B1-3)Gal(@1-4)GlcCer | Lactotetraose [ LcOse, Leg
_GaI{Bl-‘i)GIcNAc(ﬁI~3)(h|{ﬁl-4)GlcCer ] N:ﬁlactotctrao_sc - nLcQ_se4 . snlc
GalMAc(p1-4)Gal(81-4)GIcCer | Gangliotriaose GgOses Gg;
i E}a_l{ﬂ]i)Ggl]\Ac(ﬁl-f)_Ga!(ﬁl-ﬂGlcgar [ Gengliotetraose _ GgOsey | Ggq
Gal(a1-4)GalCer Galabiose GaOseq [ Ga,
Gal(1-4)Gal(al-4)GalCer | Galatriaose GaOse; | Gay
GalNAc(1-3pGal(1-4)Gal(al-4)GalCer N-Acetylgalactosaminylgalatriaose GalNAc1-3GaOsey |
|

4 Symbolsand xrran,gemcrl are discussed in Lip-3.13, Hyphens replace left-to-right arrows
).

(see Section 3.4 of ref[13

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

globotriaosylceramlde.

Should be followed by Cer for the Blycolipid, without space;e.g., McOseCer,
The short form should be used only in situations of limited space or in case of

124 Journal of Lipid Research Volume 19, 1978

Mcg4Cer (see Lip-3.13).

frequent repetition.
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APPENDIX A,
Names cf and symbols for higher fatty acids.

ASBMB

f Numerical Structure Stems of “"Name"
' symbol H4CR-CO,H Systematic names® | Trivial names® | symbol
] —
' 1. 16:0 -ICHa]g- Decano- Capr-© Dec
| 2 12:0 -(CH31; o Dodecano- Laur- Lau
! 3. 14:0 [CHz1;9- Tetradecano- Myrist- Myr
] 4. 16:0 {ICH3 )14 | Hexadecano- Palmit- Pam
; 5. 16 1 -[CH,|5CH=CH[CH3]4- | 9-Hexadeceno- [Palmitole- APam
| g 18:0 -(CH3ly 4 | Octadecano- |Stear- Ste
- 18:1(9) -(CH3]7CH=CH[CH;]- | cis-9-Octadeceno- {Ole- Ole
8. 18:1011) -[CH2|sCH=CH[CH3 o | 11-Octadeceno- Vaccen- Vac
9. 18:2(9,12) (CH23ICHyCH=CH]3[CH3 |9~ | eis,cis-9,12-Octadecadienod Linole- | Lin
[10. 18:3(9,12,15) {CHCH=CH]3[CH3]4- 9,12,15-Octadecatrieno-  |(9,12,15)-Linolen- | aLnn
1L 18:3(6,9,12) CH313[CH,CH=CH|3[CHy 4~ | 6,9,12-Octadecatrieno-  |(6,9,12)-Linalen- | vLnn
12.18:3(9,11,13) |-[CH;13ICH=CH|3!CH; |- 9,11,13-Octadecatrieno- |Eleostear- eSte
: 13. 20:0 [-[CHz] g- | Tcosano-d Arachid- | Ach
' 14 20:2(8,11) [-(CH216ICH2CH=CH|3[CH3 6 | 8,11-lcosadieno-4 | ajAch
4 L5.20:3(5,8,11) |-[CH3)6[CH,CH=CH|3[CH, 13- | 5,8,11-Icosatrieno-9 | a3Ach
[ 16.20:4(5,8,11,14) | -[CH]3(CHaCH=CH14ICH; I3- | 5,8,11,14-Icosatetracno-8 |Arachidon- AgAch
i 17. 22:0 -[CHa a0~ Docosano- Behen- | Beh
18. 24:0 -{CH3]22- Tetracosano- Lignocer- Lig
19. 24:1 -[CH3]9CH=CH[CH} ), 3- cis-15-Tetracoseno- Nervon- Ner
20. 26:0 -{CH2 |24~ Hexacosano- Cerot- Crt
21 280 -[CHy |36 |0f:tacosano- LMontan- t Mon

3 Ending in -ic acid, -ate, -yl, for acid, salt or ester, acyl radical, respectively,

b Ending in - ¢ acid, -ate, -oyl for acid, salt or 2ster, or acyl radical, respectively.

¢ Not recommended because of confusion witn caproic (hexanoic) and caprylic (octanoic) acids. Decanoic is preferred.
Formerly “*zicosa-" (changed by TUPAC Commission on Nomenclature of Organic Chemistry, 1975.)

126 Journal of Lipid Research Volume 19, 1978
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APPENDIX B.

Symbols reccmmended for various constituents of lipids.

Name Symbel®
For alky’ radicals® R
Methyl, Ethyl, . . . Dodecyl Me, Et Pr, By, Pe, Hx, Hp, Oc,
Nn, Dec, Und, Dod
¢ For alipaatic carboxylic acids® ac¥l (not abbreviated), RCO-
Formyl, Acetyl, Glycoloyl, 2ropionyl, Fo (or HCO), Ac, Ge, Pp,
Butwryl, Valeryl, Bt, V1,
§ Hexanoyl, Heptanoyl, Dctanoyl Hxo, Hdpo, Cco,
Noranoyl, Decanoyl, Undezaqoyl, Nno, Dco, Udo,
Lauroyl, Myristoyl, Palmitoy’, Lau, Myz, Pam,
Stearoyl, Elcostearoyl, Linaleo¥l, Arachidoncyl Ste, eSte, Lin, 44Ach
For glrcerol and its oxidation procucts®
Glwcerol, Glyceraldehyde, G vcerone, Glyceric ac.d Gro, Gra, Grn, Gri
For “glycosyl”™ Ose
Glucose, Galactose, Fucose, . . . Gled, Gal, Fug, . . .
Ghuconic acid, Glucuronic azic GlcA, GleU*®
G ucosamine f', N-Acetylg ucotamine GIeN, GlcHAc
zuraminic, Sialic, Muramic acids Neu, Sia, Mur
N-Acetylneuraminic acid A-Glycoloylneuramini acic ' NenAc or AcNeu®, NeuGe or GeNeu
LCeoxy d
Miscellancous
Ceramide, Choline, Ethanclanine, Cer, Cho. Etah,
Inositol, Serine, 1ns, Ser,
“hosphatidyl, Sphiagosine, & phingoid, Phesphor ¢ residue Pud, Sph_Spid, P

a These symbols are constructed ir. analogy to these a=eady in use fo- aminc ac.ds and saccharidesl' 1:-2]; they

may assist the abbreviated represertation of more complex lipids in a way similar to the pept.des ana pelysaccharides.

Prefixes such as iso, tert, cyclc arz specified in the symools by lewer-case su rscripts (Pri, Buf, Hx®) o1 lower-case
prefixes (iPr, 1Bu, cHX), unsaturation by e.g., A3 for a 3,4 double bond, A3 for 4 3,4 triple bond _cf. Proteins, Vol. 1,
pp. 9€ - 108, in Handboak of Bizchemistry, 3rd editic 1, G. Fasman, ed., CRZ Press, Clzveland, Chie, 1976). Many
oF these symbols are drawn from areviously published recommandations (refs.l 111217 See also Apreadix A.
b Systematic and recommended trivial names o~ unbranched, acyclic compcunds cnly (cf. Append= A). Other
formes are created by prefixes (e.2 , iso, tert, cyclo). See also Appendix A.
¢ These symbols form a self->ons stent series for a gzeup of closely rzlated corrpounds. It is recognized that other
abbreviations (but no symbo's) are currently in use. (See Lip-2.12.).
d Nct Glu (glutamic acid) or C (7onspecific).
e Recommended in place of GlzJA, the "A™ Leing mnnesessary.
f Approved trivial name for 2-anino-2-¢?eoxygluoo;-:: similarly for galactose (GalNAC), etc
g A=Neu was recommended earlier (ref.[11]). "When .1 is necessary to diffe-entiate betweer, N-acetyl and Q-acetyl
geriratives. NeuNAc and Neu@Ac (italicized locants, in contradistirction to GalNAc, etc.) may be employed.

May take the form CEtN< 4 substitution on the zitregen atom is to be indicated.

IUPAC-IUB Cemmission on Biochemical Nomenc'ature Nomenclature of lipids
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APPENDIX C.
Abbreviated representation o” gangliosides.
Designation according to
Lipid document® Tﬂ Wiegandt? | Svennerholm®
I I3NeuAc-GalCer | Ggal | NeuAe i -
% 113NeuAc-LacCer Gpac | NeuAc C Gums

C 3 113NeuGe-LacCer GLac | NeuNGI | =
4. 113(NeuAc)y-LacCer Glac 2NeuAc | Gpj
S. 11°NeuAc/NeuGe-LacCer GLac 2 NeuAc/NeuNgl .

; 6. 11°NeuGe-LacCer Gpae 2 NeuNGl 'q =
% [13NeuAc-GgOse 3Cer ' Ggrri 1 NenAc Gma
8. 1IPNeuAc-GgOseqCer | Gorer I Newac i Gisa
9. IV3NeuAc-nLcOsequr GlLnter la NeuAc GMI-GleNAc

10. IV®NeuAc-nLcOse4Cer | Gprnter1bNeuAc . i
L IV2Fuc,II3NcuAc-GgOseCer | Ggipt 1 NevAe | =
12, ]V3NcuAc-nLCO;e4Cer - - -
13. 113(NeuAc),-GgOse4Cer Ggrer 2b NeuAc Gpin
14. IV3NeuAc,I13Ne 1A c-GgOse 4 Cer \ GGrer 2a NeuAc Gpia
15, 13 (NeuAc)3-GgOse4Cer GGtet 3bNeuAc :
L6. 1V3NeuAc,113(NeuAc),-GgOse4Cer \ GGrer 3a NeuAc =
L IV3NeuAc,113(NcuAc)3-GgOseq Cer GGret 4bNeuAc -

18, 1V3(NeuAc)y, 113 NeuAc) 3-GgOse4 Cer | Gger 5 NeuAc -
19. [V3NeuAc,I13Net Ac-GgOse s Cer l GGpt 2aNeuAc =

2 To indicate linkage points and anomeric form: Fuc should be written (—laFuc); NeuAc should be written
{+2aNcuAc); (NeuAc); should be written {—2aNcuAcB),; etc. If these features are assumed or defined, the short
form used in this column is more convenient for use in texts and tables.

P The subscripts to G (for ganglioside), from 7 on, have the meanings: Gtri = gangliotriose, Gtet = gangliotetraose,

Litet = lactoisotetraose, Gpt = iangliopentaose = GalNAc{ﬁl—»d)GaI(ﬁl—J]GalNAcfﬂl—-4}(}a](ﬁl»4}GlcCerl.
Gfpt = gangliofucopentaosel 14

¢ G = ganglioside, M =sr?onosialc, D = disialo, T = trisialo. Arabic numerals indicate sequence of migration in thin-

layer chromatograms| !

Journal of Lipid Research  Volume 19, 1978
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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

WILLIAM E.M. LANDS

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

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

Much of this chapter echoes talks given 10, 20 and 30 years EIQO prmum
ing information which failed to percolate effectively into clinical practice or
preventive nutrition. As a result, I continue trying to find different methods
of effective education so that chronic diseases may be prevented in the eld-
erly. Recent efforts mvolve two distance- learning web sites with useful

“homework” for evervone who wants to learn. One site, for education about
essential fatty acids® has many details to help people understand the effects
of nutritionally essential fatty acids. The other” has been hosted by the Of-
fice of 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.

*hnp fefaeducation.nih.gov/

"hup:/fods.od.nih, govieicasanoids/

Address for correspondence; William E.M. Lands, Ph.D.. 6100 Wesichester Park Drive, Apt,
1219, College Park MD 20740 USA, Voice/fax: 301-345-4061.

wcm[.wnds(@"nu.nci

Ann. N.Y, Acad. Sci. 1025: 179-192 (2005). © 2005 New York Academy of Sciences.
doi: 10.1196/annals. 1322028
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The death rate from heart attacks in the Unitzd States is among some of the
worst in the world.* FIGURE 1 demonstrates that death, not lice, begins at ().
That is the age at which people begin to los2 colleagues and becom:z aware of
dea:h. Students feel invulrerable, because not many 30-year-olds die. How-
eve, among my peers in their 70s, 1 or 2 per 100 are likely to die o ischemic
hea-t disease in any year ! Clinicians say tha- arterial damage and calcium
deposition is just a matter of aging, and that nothing cen be done about that.
I den’t believe that a bit. Ir Japan, age-specific death rates for coronary heart
diszase are much lower® However, an apparent inev:tabilicy about this is
roc-ed in American lifes:yles, all the way back to childhood.

FIGURE 1, presented ir 1993,! has results added from the PDAY (Pacho.og-
ical Determinants of Athzrosclerosis in Youtk) sludy,érs which documented
this problem definitively. “he problem becams apparent 50 years agc, when
young soldiers were being killed in Kcrea. Autopsizs showed coronary artery
damage in 20-year-old Americans, but not in nativz Kcreans ?

Feesults from the PDAY study®® shaw that effective primary prevention of
atherosclerosis needs to bzgin with adolescents. FIGURE 1 suggests that by the
timz American men arz 55 years old, most already have inflammatory

Inflammatory atherogenesis  Age-Sgecitic Ischemic Heart Death Rates

Primary preven:ion
needs to begin before
adolescence!

40% b

Pathobiological Determinants 8
of Atherosclerosis in
Youth (PDAY) 20 s

| 15-19yr  3)-34yr]
zoronary 10% 30%

zorta 20% 40% s
1
What % of 55-yr pecple ] ) o '_',"L""'”'
already have irflamed plaques? ,"
2o 1960

FIGURE 1. Inflammato-v atherosclerosis begims developing before adolescence.
(Presented in 1993;! -esults added from the PDAY study.6-8
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plaques in their arteries. Intervention then is really secondary prevention,!'?
The cffective new technique of electron beam computerized tomography is
maturing into a wonderful diagnostic tool.!! Unfortunately, knowing that you
have a lot of calcium in your arteries doesn’t tell you how to get rid of it or
how to prevent it from accumulating further, We still have a lot of biochemi-
cal work to perform,

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

One solution is to eat foods that provide less energy per meal, as noted later
in this chapter (F1G. 3). A second avoidable risk is the current severe imbal-
ance between omega-3 and omega-6 nutrients. Most people are completely
oblivious to it, but that imbalance is easily corrected by adjusting dietary in-
takes to more omega-3 and less omega-6 fats. The current imbalance in
America is just a happenstance of food marketing. 2 Unfortunately, priorities
of corporate health groups will favor the status quo over any action that pre-
vents disease and sufferiag without adding to corporate profits. !0 12

FIGURE 2 shows the consequence of this imbalance. The horizontal axis
shows that apparently healthy normal people around the world have different
balances of omega 6 and omega 3 in their HUFAs (highly unsaturated fatty
acids) because of the different foods they eat.'3!4 The HUFAs are pivotal in
the body’s healthy self-healing actions. Epidemiology shows that when HU-
FAs in the body are 70 or 80% omega 6, coronary heart disease rates are
around 200 per 100,000.* In contrast, people in Spain or [taly have HUFAs
containing about 60% omega 6 and 40% omega 3.'” and their CHD mortality
rate is around 120 per 110,000. 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 probab'y greater than the mean genetic difference between
the United States and Japan. Now we have data from three groups in Quebec,
within the same province of the same country on the same continent with the
USA. There are urban Quebecois who eat foods that generate HUFA propor-
tions similar to those of people in Chicago and Detroit and New York.'> On
the other hand, in villages north of Quebec City, there are Quebec Cree Indi-
ans with different ethnic food habits that give them a different HUFA pattern
and mortality rate.'® Further north in Quebec, Inuits have a lower average n-6
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FIGURE 2. Coronary heart disease morte ity is prcportional te n-5 HUFA in plasra
HUFA. Available at <http:/efaeducation.nih.gov/sig/personal.html>

HUFA composizion and a lower mortz ity rate.!” The trend is clear, even
tough the Inuit diet has changed tramendously during the last 40 yeers ard
is now far more hetzrogeneous. Indeed dietary heterogeneity worldwide is
the important variable “or preventive intzrvention, more so than genetic van-
ability. Environmental food variability is driving variability in CHD mo-tality.

Essential fatty acids are polyunsaturated fatty acids (PUFAs) requized ty
all mammals. Like vitamins, these are not produced witair. the body and
must come from the diet. They are of two types, n-3 and n-6. Linoleic is a n-
6 PUFA (18:2n-6) and alpha-linolenic is the n-3 PUFA (13:3n-3). When we
eat those acids, our bodv converts tmem nto longer chain-length, highly ur-
saturated fatty acids (HUFAs).©

What people eat ir. treir diet determinzs the proportions >f HUFAs in the:r
tissue membrane phospholipids. In my first 15 years of acacemic life, I
worked on lipid metabolism'® and was highly cited on that topic. In 1964,
when researchers in Stockholm rerorted that the n-6 HUFA, arcchidonic

‘hup://efaeducation.nih.gc v/sigloverviews. timl
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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-
linids and stored, or is it first hydrolyzed before the free hormone is
synthesized? Collaborating with the researchers in Stockholm, I found that
tte HUFAs in phospholipids were hydrolyzed and then converted to
cicosanoids. The hormone “hen acts at a receptor and generates a signal,
which is usually a transient, reversible event that returns to basal state,2%2!

By the late 1960s, we snew that omega-6 eicosanoids and omega-3
e cosanoids were involved n inflammatory processes. Later, 1 studied the
mechanism by which fatty acid oxygenases act. This requires lipid hydroper-
oxide activators, 20 Eliminating the peroxides eliminates the ability to make a
prostaglandin. Peroxides are also required to activate ribonucleotide reduc-
tase, and the free radical is essential to make deoxyribonucleotides for new
DNA. The eicosanoids, and the peroxide tone that regulates them, are usually
under tight control.*?

For 15 years 1 studied asoirin-like non-steroidal anti-inflammatory drugs
(NSAIDs),**2* working with drug companies to develop new patented drugs
for treatment. During the 7Cs, dozens of eicosanoids were isolated.?! Nearly
all healthy human tissues use eicosanoid modulations of physiologic respons-
es in a rapid transient manner, 20 However, uncontrolled excessive production
f omega-6 eicosanoids ovar prolonged periods of time is associated with
Feart attacks, thrombotic stroke, arrhythmia, arthritis, asthma, headaches,
cysmenorrhea (menstrual cramps), inflammation, tumor metastases and os-
tzoporosis.®!>5 We had been looking at essential vitamin-like fatty acids as
“angels” but in excessive amounts they turn into devils. When the body goes
out of control, something must be done, and it became my goal to prevent this
loss of control.

Two brief narrated presentations covering these general issues are avail-
able on the Internet.4 The distance-learning site for the Office of Dietary Sup-
plements has a section 01 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 protable risk in excessive intakes. The website notes
evidence for requiring these substances in amounts on the order of 0.5% of
calories or less, but a day’s menu in the United States far exceeds that.

To design an effective prevention strategy, one needs to identify causal
mechanisms by asking how people die. From this point of view, the role of
~holesterol*®- #7 has been portrayed in a misleading fashion for 25 years. Al-

dhttp:ife fueducation.nih.gov/sig/beginners. himl
“hup:/iefaeducation.nih, gov/sip/dietary2. himl
J‘htlp:a'.'*c.f:mdL:L-:!Iinn.nih.gcm'f.f.ig ‘dri.html
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Excess Fats ._’ High Cytosclic Fat Synthesis High Plasma

+ Food Energy Acetyl-CoA > VLDL Secrdi—'—’m Triglycerides
' RN \ * KEFA

Low n-3 fats

inthe diet ==tH gh %n-6 HUF2 Cytosolic /

in tissue phosp-olipids FMG-CoA

Transient

i Fast Formation e
hospholipa . Oxidant Stress
Aspirin prEicosanoids MevalanZe <

o
. P-2nyiced
Inflammatory cytokines P.-q?g?r"lse —
& Proli{aﬁc-n "~

Nitroglyzerin

Platelet [nflammatory

— Liver
Activation Vascular Wlali

oxygen specizs ic oxi Choles-erol
Plaques '~ ¥ i % E\e
N X A
'schemia\ Plasma Cho este: ol
e | idi Suppresses
m l T MDrbldlty & Mzvalonate formation

Arrhythmia—"  Mortality

The Chain of Events Linking Diet and Disease

FIGURE 3. Two primary imbalances link diets to disease end death. Mod: fied from
an earlier figure! at <http://efaeducation.n h.gov/sig/dietdisease.html>.

though some lipoproteins may increase death, cholesterol :tself was never
proven to kill arycre. However, thase whe market anti-cholesternl crugs
will never mention that fact. To cons: der primary preveation of heat attacks,
we worked backward with the diet—cisease concepts shown in FIGURE 3, oy
stating that a death from heart attack s a deata frem ischemia, which is exec-
erbated by arrhythmia, and from thrombosis, which was brought on by a pre-
disposition to irflammatory plaques in thz arteries. All three of these
processes are exacerbated by n-€ eicosanoids (FISURE 3). The release cf in-
flammatory cytokines and cel. proliferation are enhanced >y omega-6
eicosanoids formzd from dietary fats

Inflammatory vascular wall p.aques cause ischemia and stimulace throm-
bosis. Throm>osis is driven by throrboxane, onz of the major eiccsanoids
discovered 29 years 1go.2® Thrembaxane caases platelets t¢ clump, causzs
calcium movement, ¢nd causes throrrbosis. The omega-6 derivative (TX55)
has the same effect; the omega 3 {TXy3) 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 imrbalances shown in the apper left of
FIGURE 3. In 1979, when 1 lectured? a-ou- these issues in Switzerland and the
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Netherlands, the socialized medicine systems in those countries were paying
for expensive coronary bypass surgery, and governments were considering
preventive nutrition as an economic measure. However, proponents of medi-
cations and surgery were not interested in what they regarded as nutritional
behavior modification. I scorned the clinicians’ disinterest in nutrition at the
time, but now I see they may be right. Often it is easier to persuade people to
have surgery than to persuade them to change their ideas about what to eat.

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

Low-density lipoprotein (LLL) and its phospholipids have some effect on
events in FIGURE 3. When inflammatory sites oxidize those phospholipids,
they create a platelet activating factor (PAF) agonist that binds the PAF recep-
tor, causing calcium influx plus a stronger inflammatory response. That pro-
cess has been understood, publ shed, and well accepted for a decade. PAF and
PAT* mimics are potent calciumr ionophores and inflammatory agents in mam-
malian tissue.!? Electron beam computerized tomography, described in this
volume by Dr. Harvey Hecht,'! gives a good measure of atherosclerosis by
measuring calcium accumulation. We need to learn more about what causes
calcium to accumulate and how to prevent it and reverse the effect. Like LDL,
high-density lipoprotein (HDL) is an aggregation of proteins, some of which
are anti-inflammatory enzymes that destroy PAF and the oxidized phospho-
lipid, preventing them from causing calcium entry and inflammation. !9

Membrane phospholipids zre limited in abundance, and the HUFAs com-
pete for the limited space. If you eat a lot of n-6 fat. it displaces n-3 HUFAs
and enhances n-6 eicosanoid formation (Fic. 3), If you eat a lot of n-3 fat, it
displaces n-6 HUFAs. The enzymes are promiscuous and don’t discriminate
much between n-3 and n-6 HUFAs, which means that what you eat can
change your body tissue, !4

[n the mid-80s, after a Nobel Prize had been awarded for discovery of

eicosanoids and their physiclogy 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. S
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. | developed and pub-
lished an empirical predictive equation.'?2?
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FIGURE 4. P-zdicted proportions of HUFA fit observed proportions. Freviously
presented in 2003,

Sadly, I don't think many pzop.e read those papers, and I don’t thirk any-
one used the equation.® I then pur _t into a spreadsheet so people are not re-
quired to do any algebra. They cer simply put numbers into & table and let
the spreadsheer calculate the 1 kely outcome.” FIGURE 4 shows tha- the equa-
tion predicts outcome with a corre ‘ation coefficient greater than 1.95. Dieti-
tians carefully mcnitored the food that people ate. and that information
inserted into thz 2cuation prec:cted values of the percentaze of n-6 HUFAs
in the total HUFA value. There is a good fit between predictzd AUFA propor-
tions and those obsarved by ga: chromatographic analysis.’

The vertical sca:ter may be due ta proteomics and gendmics. wherezs hor-
izontal scatter is Lkzly due to imprezise interviews. The group of people rep-
resented in the upper right hand n FIGURE 4 were 35-year-old Cricago
women. The diamzr.ds represent a group of £5-year-old dietitians in the cities
of Japan, and the squares show 55-y=ar-old rural Japanese mer. Thzy zre all
healthy people eating what they choose. The mean valae for all people in ei-

“hup://efacducation.n t.gov/sig/hufaczle.htl
Mhtip:fiefaeducation.mihgov/sig/dietbe ance_html)
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ther FIGURE 4 or FIGURE 1 would not reveal much about any individual value
or the risk of any individual in the group. Those who ate more dietary n-6 as
linoleic acid (of which Americans eat a lot) acquired predictably higher pro-
portions of n-6 HUFAs.'3-30

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

To illustrate the diet-tissue relationship, the family of curves in FIGURE 5
indicate how different mixtures of n-6 linoleate and n-3 HUFA in daily food
create tissue HUFA proportions. Four different ethnic groups are shown as
ovals. We still have along 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 parens or one's genetics, but one can choose the food one
puts in one’s mouth. 3 It’s a simple intervention for someone who is properly
informed.

http:/fefaeducation.nih.gow
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The HUFA proporzions for 3,000 Quebec residents ranged from 15 to 91%
n-6 HUFA. From FIGUERE 2, people cer choose their comfort level: what
HUFA value they wcu.d like to have, and what heart attack risk they would
accept. Many people don’t want to choose; they want to be told tae optirium
velue. FIGURE 2 makes it obvious that there is no cptimum. 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 to.d which
foods are best to eat. Although the distance-learning sites provide a great deal
of background informacion, I decided to use tae USDA data base of 6,000 dif-
ferent foods, more then 12,000 servings of fond, to create an interactive, com-
ptterized, personalized. daily menu-planning program that can be dcwn-
loaded free.* The progran allows users to choose foods thev want to ear, and
it keeps the data managed to let ther~ se¢ wkether the daily totals meet their
personal goals of cardiovascular risk. The food scftwere takes lifestyle irfor-
mation and tells users what their recommended caily energy allcwance s (a
value that most sedentary Americans exceed).® It also gives some back-
ground concepts of risk, and then asks users to choose their risk leve! and be-
gin choosing foods. Once they look at specific foods, they can begin to see
where the omega 6 is znering their diet. For example, the scftware tells users
that the USDA describes a serving of app esauce as having 583 milligrans of
1&-carbon omega-6 and only 48 milligrams of omega-3 with no long-chain
HIUJFAs. You can’t fird aay food thar dozsn’t have quite a f2w mulligrams of
n-5 linoleate. People producing foods put in n-6-rich oils aad raise the lzvel
evzn higher; some breads and muffins have hugz amounts. The inZeractive
software shows detai s and gives the baottom line—total dzily tctal calcries
and the likely surrogate outcome of HUFA oroporticns. It also zives a few
other dietary facts that diztitians are concerned about and want tc ccnvey.

What people really need to know :s that their caloric intake is correct and
their proportions of eicosanoid precurscrs are where they want “hem to be.
Tle nature of a mealtime is that people €at more than they need at “hat mo-
ment and then have transient excess. Tha: excess and its transiert postp-an-
dial oxidant stress is the beginning of a p-oblem.

If people ate only one rneal a day, they would have a large bolus of carbons
and electrons entering metabolic pathwayvs. The liver would to make “ree rad-
iczls (and also make ciclesterol) and the endothelial cells would resoond
with oxidant stress due 1o that postprendia’ bolus. If people ate smaller meals,
five times a day, they w2Lld have smaller and more reversible oxidant strass;
it would be still lower, »:th more n-3 and less n-6 HUFAs 'n the tissues To
take in less energy per real, people should eat several small meals or snacks
if they want. One of the underlying r:les is to eat no more than you need.

The top predicted czuses of death and disability*? worldwide for 220
(iszhemic heart disease £nd unipolar major depression), and three top ceuses

%ittp://efaeducation.nih.gov/s g/kim.html
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in developec regions (ischemic heart disease. cerebrovascular diseuse. and
unipolar major depression) all seem linked to imbalanced omega-3 and
omega-6 actons in tissues. We knew about n-6 eicosanoid mechanisms for
thrombosis and inflammation 25 to 30 years ago. In the past five vears, 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 diets.™* The growing awareness of the im-
portance of dalancing n-3 and n-6 fats is evident from the single major
personal health change recommended recently by the health and nutrition di-
vision members of the American Oil Chemists’ Society: to eat more fish and
take an omega-3 supplement.35 Also, their most frequent advice to other
people was tc eat more seafood and fish.

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

[nflammation was always important in vascular disease, and it was driven
by excessive r-6 eicosanoid actions amplifying results of excessive food en-
ergy, producing more carbon and electrons than the body could deal with at
any given moment. That led to increased cytosolic acetyl-CoA and HMG-
CoA., which led to more mevalonate and prenylated proteins (Fic. 3) which
are having effzcts that we didn't recognize 20 vears ago. Some prenylated
proteins block synthesis of nitric oxide and enhance inflammation. They
come about bezause HMG-CoA reductase is pushed into making more meva-
lonate than nezessary. 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.20:27

The discussion in FIGURE 3 notes that lipoprotein (LDL) has phospholipids
that form highly potent inflammatory agents on oxidation, regardless of cho-
lesterol. Phospholipids in the LDL may be deadly. HDL may have cholesterol
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(and it has pnospholipids), but it Fas enzymes that aeutralize inflammatory
oxidized phospholipid PAF mimics and PAE7 So HDL is beneficial and
LDL is harmful, but it’s absurc to talk about “baZ cholesterol” and “good
cholesterol.” We can hope that -he tragic detoLr that delayed understandinz
of nutritional causes and preventive interventions is nearly over, and taat the
organizations that could provide :he necessary information will do so. Then
a new day will dawn for the young people in whom every successive year per-
petuates the slow progressive irjury that leads 1o cardiovascular disezse and
death.
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