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        Tabla 4
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S
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H
G

T
C
A

T
V

M
Tr
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Iso
L

4. Masa pesa
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paragina 
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riptófano 
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molecular

(g/mol)

133.1 
147.13 
132.12 
105.1 

146.15 
155.16 
75.07 

119.12 
175.19 
174.2 

103.12 
181.19 
117.15 
149.21 
204.23 
165.19 
131.18 
131.18 
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± 0.5 

± 6.7 

± 12.7 2
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250.2 ± 13.

99.8 ± 7.6

28.9 ± 1.4

47.0±2.5*

1.4±0.3* 

67.1 ± 2.9
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23.7 ± 1.5

49.0 ± 2.2
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na 86.2 

a 236.5 
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Apéndice 1. Método de referencia para la determinación de aminoácidos. 
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Rapid, Accurat e, Sensitive, and Reproducible 
HI'LC Analysis of Anúno Acids 
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un a l}'Ses provide high s umple 
lhroughput , 

SEPARATION O PI'IONS 
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The A u n d B mob iJe.phasecompo
nenls are eu.!>"")' l o pre p tu 'e, und Lhe 
grud ie nt con s ists of lin eur' seg
m enls( l-efer LO B:.cperimental 
Conditio'llS , Mobile Pitase section , 
fOl' d e lail s), T h is com bina t io n 
conlr ibu les lo u ¡'ugged pl"otoco l 
thul CHn be u ccomplis hed on lh e 
Agilen l 1 100 H PLC u s ing e ither 
b inar")' 01" quulernary so lven l· 
delivery system s, 
T h e c hromatogrum in F igure I 
illus trales typical r o ulin e sens itiv
ity in h ig h-th!"Oughpul upplic ll t ion s 
thul CHn be oblained o n the Agilen l 
1 100 tiPLC binmy syslem u s ing lhe 
1 100 DiodeArTuy Deteclo¡'(DAD), 
A s in gle r un cu n be comp le ted in 
14 minutes (in cluding re-eq uilibl'a
tio n ) with adequa te reso lutio ll , 
Sepumtio n condilio n s are lis ted in 

A 

8 10 12 mm 

F ig ure 1: Hou tine A na lysis, H igh-T hroughput Sepum Li on 0 1" 2 4 Am in D 
Acids Us ing the Ecl ipse-AAA P rolocol. T he column d imens io n s Hr e 4,6 x 
75 mm , 3 .5 Iun. See 'rabie 1 fO I" peu k id e nl iJ:icatio n. Delect,io n : A. 338 n m 
(OPA um in o acids), B. 262 nm ( F'M OC·um ino acids). 
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the h'xperimelllal COiId.itiot.S 
~oct i on . Tho primal)' umino ucid s 
(OP-\ ·d",'i~'"lil.!-'Il ) sl " '\V1I i ll f 'igll"· 

lA, me mOllÍtored at 338 nm while 
the ~ondury umina ueids ( t'MOU
dcrivuti7.od ) S h O \\-"11 in Figure IH 

" ,', . "" lll il""''¡>J1 Ui2 11111 TI ... 
umount ilijcrted WIlS 12.5 pmole:s 0 1" 
cueh u mino ue id, in 0.5 111.. 

Taol!' 1. Am ino Acict EltlLion 0 1'(\('1' 

Usi~ Ecl ipsc-AA-"\ Proloeol 

P~k Amino A<'id 3-Letter 
No. r:nrle 

Aspurtate AS!' , lllutamatc GLU 
3 Aspuruginc ASN 
4 Sl'rilll-' SEn 
5 Glu t'am inc QLK 
ti tli s tid ino tllS 
7 Úlyeinc GLY 
8 TIII "L-"lJ ll ill l' '11m 

" CltrulJine cn 
10 Argimnc A1W 
11 Alaninc- ALA 
12 Tyrusi u to' Ty n 

'" Cyslmc CY2 
14 Valinc VAL 
15 I\lelh ionllw 1\lE.~1' 

10 NUlvaliJll' NVA 
17 Tryptophun TII!' 

" Phcnylalaninc PHE 
10 lool¡mcinc ILE: 
20 Leucine LEU 
21 L.vsinc ISS 
:,::,: tlydroxyprolino tl YP 
2J Surcosin c SAH 
24 Prulill l' PIW 

Whcn more roso lution is desi l'ed 
lha n is awiJable from Lhe h igh-
1II1 u lI¡,:hpll l ~epantliull U II u 7[i '1Il1ll 

column(F~. I), a 150 mm column 
lémgth should 00 u sed. Figuro:': 
~hOWH 11 typirll l m ll t in f' Hf' n ~ i 1 iv il y, 

I li~h' l e~u l uliu ll sepantl lul l ulo
tuined from twa dilIercn t20roox 
Eclipso-AAA 150-mm length 
coh lm n H - 0I1f'wilh ;'l ." llm P'l 11 ic1 po;; 

lind the olh er wilh [,l lIn purli clc~. 

'J1¡ e eh romuto¡.! rtl.m ~ 3how the 338 
nm UV signal that deleds the UPA· 

¡"igure 2' H l,gh·Hesohl lion Analysls 0 1" 21 Amin o Aci.ds: on Ih e 5111n a nct 
:1 "'1"" Z, .. h, x 1':"lil 'H, '·A A ," C"I",,,,,- C"I" ",,, ,¡ ",u," ~i, "l"" , ... 4.f, x 1,,0 
mm. See 'rabie I fo rpeak idcntificution. Deted ion : ;);I8 n m (0 1'." amino 
ueids). 

mAU 338 nm 
, 

o ,.-.----l 

A 

--/ 

Figure 3: H igh Scn sltivity, High HesolutlOn Anui)s is 0 1" Ammo Acids U~ing 
Di ffenml Deloction :\t odes and Ihe Zo rbax f:chpse-AAA Pral 0001. 1ñe 
m llllnn rl imPI1Hion H II rt' 4,í-¡ x 1 :,0 mm , ;\.» I"n. ~f'f' Tahl " 1 rn .. pPllk i rlPllti· 
ficat ion. Detection: A. UV;I;}8 nm (OPA mnino llcids), n. UV202 nm 
(fMVU-amino a cids), C. IIuorcscence (sce E;qK',-¡mentat (;Q,¡d1liolls). 

rl f'riV'l l i;rp(t prinwl)-' IIm inn IIc i rts Flgnr~4 : 1I011 l in " Anll lysis, 11 ig ll l~psnll ll ion ol"?4 A min n o'\r-irlH 1 Jsin g 1 hí' 
'nl ese sCpil la tiOllS ul e Qu ite si milal Ecl ipse-AAA ProUx:(] l. 'l1\e oolumn dimcnsions are4 .0 x 150 mm , 5 jun. 
in appearancc, but th e eh romuLa- See Tuble 1 fo r peak iden llJ'i eution. Detect ion : A. UV 3:38 mn (OPA a millo 
gl"Um fol'lhc J.á·llIll eolumn d om on· uei ds), B. L' V :w~ nm (l'MLK..:-umino ue ids). 
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slml es IIij,:heJ" 11'bUluliu III l'S II lti llg 
fr om hi.,l!J1 er elriciency. l3uck prcs' 
s \ll'e on Lhe coJumn conlu inmg Ih e 
sm<lllpr, ;\}; ]lIn . pll rl irlf's i~ 24[)...100 

00 1'(05 304410 psi~, . while lhe lntck 
P"=Urc o f lhe column huving 5 
]lIn p;1I1 k lp~ is 1(',0·2 IO llTlI·(2:V.(]-

3O'JO p si). Thus, il"only primary 
ammo tlc ids a re 01" inlcrC'.Jt <1 nd I.hc 
15o-cm column Jength ls lISoo, lh e 
lurgeJ"ú-jllll pm:ki llg i~ u uelll'1 
choice Oecuuse 01 less system 
luc).q>!"eSs\ll·e. 

111e vahle 01 lhe [5'cm column 
oonlaining 3.5·/lIn pa Itlclüs, over 
ils 5'1 1111 counle rpa rt, ls ch"u rly 
lJ[uslrat.ed by = mptll"mg l 'lgures 3 
und 4. f'igun~ 3.'\ shows separulion 
of Ihe primal"}" amino acids, 
lILullilu n",J ul. 333 IIIIL: ¡"ig ll l"e;m 
shoWl! lhe sepulUtion m onito l"ed ut 
~.j~ nm; IInd F igure 3C shows lhe 
'lmllysi ~ u sing fl llnlT'S(,f'Il("P riPl pe.. 

t ion. Kote lile resollllion betwc-cn 
pooks #~I tJy~ine) and #"1."1. (hy.. 
dmxypmline) In Figu n>s 3 und <1 
111e ino'case in Icsolul lOn i.>etween 
lhese peuks , when lIs in,l.! lh e longel' 
oolumn wl1h smalle r particl['S 
( 1 [,0111111 , 3.G ]11 11 ), ¡Jluviu es 1;1, IUI I!,'l'1 
t ime-I-\'ludow lhal. facil ¡tates 
wuvelength switchingoflh e ll.o\U 01-
Fl.O bL'I.wC('n p['tlks #"l.1 und trl."l. 

Whcn m oni to ring al. "1.(:j"l. nm (Fi¡;. 
313),11 smuJl bIlsellne *hump" elules 

l.oel.\'ieell 7 aml 10 lILillllll'~ uue I.u 
del'ivutiw hon byprodllct9. Sincc 
only lh e pr imary AA 's are moni· 
LUl"eu (338 111ll) dUli llg Ihis li llle 
lhe "hllmp" has no impuct on lheir 
docedion or resol u llOn. 11. is Dost to 
monito l' '11 Iwo w"\' f'I f'n gt h ~ ro r 
deteclion ofsecondu ryumin oacids 
s lIch m:; hydroxyprolin e. lflh is is 
not de-s irable wa v('leng lh switch Ing 
(',m llP lI ~Prl 

11lf' S[lp('ilk limf' lo swilch f1llOrp~-

( Ex - 200 11111) arte!" peak #"l.1 
(lysine~' c [utes but before peak 1#22 
(hydroxyproline) elu les. ln this 
('>! sr>, Ihp swilch w>!~ p'Dgnllnmprl 
lO occlII' al exa ctl:y 15 minutes.¡;'o l· 
spcciflc dctuils, sec lhe ¡;'cpm";lIwtl 
1(1). ()/mliU fm_~ flf'(' l iml , Iklt'dhm 

Seni l/rlS. Allel" Peuk #24 (pro[ille) 
eIu tes, lhe gradicnt mCI"CUOC'S Lo 
100% channel B to elu lu wacUon 
lJ)'JJ luuuclt; l"rulII Un: I.:UIUIIIII. Al"Iel 
the stcp grudient u p lo l OO?:; B fo r 
3.7 minutos , a p rogI'ammed I"ütUI1l 
1" 11,,· "lm·1 j,,,>: (., "" I ji j, "' ~ '"" 1" ilj· 
bnltes lhe column fo r lhe next 
mJoction . A lso n ol e in I h(' 0 1l0 n5-

cunee chrom>!logram ; that PQllk #13 
(cy¡¡tin c) docs n oL. nllOlesce undel" 
lhese condil ions und is nol de
wctüd. 

Lysine- Hydroxyproline Se)mra
tionand Wavel('ngtllSwitching 

.~na l ysis 0 1" l}"15ine and hyd l" oxyPro· 
line hus a mujOl·llnpacl. on lhe 
choice 01" dC'\('C l ion parame-Lul"-s R nd 
co[umn oonfigu rntiOll , as "",-ell as 
the res ll lti ng n nllime. Amino ucids 
ulu ting prIor to hydroxyprollnu 
( u jJ I..U allu iltdllllil lg h't; il ll') uno' 

derivatizud with OI'A and u ru 
doccctcd al 33S nm. lIydroxypro 
Ilne e l\\tes lmmoolul cly anur Jysine 
and is lhe fil"15 t FM()J.derlvalizoo 
ammo acid to c1utc; detection must 
ooat "l.6"l.nm. 'rhe slmplü5 1 solution 
l~ l.:u lllillllUU~ l.:u llecliu lI ur3:38 11 111 
und 262 n m dalu in two geptlrute 
sIgnals usinglhe Agilenl LJOO DAD 

As p.'Glu 

UJ" MWD ( lII11ltil"\"üveJellglh ud.L"'L~ 

tor\ 

rflh r>nAn "'lrl MWI)>ll"f'llot 
tl vailt! ble. lhe wllvelen~th collected 
in a s ingle chanllel ill ll be switch cd 
JI nrl f'r Cll rf'rl l lly (' ho~f'n conrJil ions, 

for deled ion af bolh OPA ami 
FMOC dCl'iva[¡z ed amino acid:;. 
Coll ectlon 0 1" dala In a single 
e/mlllle[ IIIU} W 1I1'U:bbüI"Y, f UI' 

inslu nce, when u sing lhe Ag¡.le nt 
1100 V\'¡"O(variublewaveli:mgth 
,1,-'1,>,1, ,, } I ''''Il>''~'', J ... "', ,1" I j, ' " 

bel;y,'C('n l}'sine lInd hydroxyp L'oline 
is possibl e when lIs ing mom .. 
complux gradiunt·pmI"l Jes . Check 
OH lhe web fOI" addll ional inlonnu' 
lion utwww.ugilenLcom.lchemin 
Ih u··Technical S upp0l1 "¡ -User 
Cu lllri lou led SUrtWUll'·. 

Wh CH hydroJoOpl"Olme is not 01" 
inlf'rf'ST in Ih f'~¡lmplf'(p.g., ill 
ll llUl)'Sis of p lolein hydl"Ol~tl.tes), 
it IS possiloJe 1.0 u se any ollhe 
column con !lgtlmll ons and swItch 
wtl"elen gLh at u time betwcen 
lysine eltltion Ulld e lulion 0 1" the 
fi.J~t FM QC..umlllO acld (sarcoslnu 

UJ" Inuli lle). l ll Ihi ~ scellal"Íu ,lh 1'4.6 
x 75 mm cohlln ll sizn is adeqllate 
und has l he udvanlage 0 1" huJrlhe 
a naJysis timu 

CO:\IPARISO:"J,,;rrH 
Ai\UNOQUAl.'H :\IETHOD 
O:"JTHElIl'1090 lIl'Le 

f'igll I"C 5A shows a chl"Omulogram 

rMU ril Hi~.'GIY Phellle A '" ¡ I 30 !~.Ill;AI U .. 

~ J~' '¡j . . " !=<""'=od;>¿''''''''''',*0"!'''!'''dU;~='~'='''',';===='T-

~" • , 
B 

cence (01" UV:, wavelCll¡,.1hs muy o t:=::::=:::~=":':~~~~=::'::~c;=::::==:;::==J.:::;= 
di llcr due to minor vuria(¡ons in i; 10 15 20 25 rri n 
wmpe nlLtl rc , molJile phasu. etc In 
Figlll"e X lhe FLD signal moni· 
lOred u1 4óO nm (Ex - ó40 nm), is 
pl"O¡,ll"Rrnmcd to chungc lo 305 u m 

Figure 5: CullljJa nson of Amino·Acid .~ nu[ y¡¡es. A) AminoQuunt. Melhod 
on lh e HP IULlU HPI..c wilh a lIypersiJ AA Column. B) I.orbax ~~chpgc 
AAA Colu mn (4 .6x 150 mm, 5] 1111) on Ihe AgilunL 1100 H PLC 
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Ir om Ih e o riginal A nu noQuanl 
m clhod (Appliclll ion Notes,!-I P 
Pub. No. 5954.62 57) on Iho HPI 000 
1'11' [ .(: IIsill!?1 \" . sjl",, 'i 1", ,,01 111I1hil,· 

phuse, column lmd 1llJ\o\' rll.te. 1'he re 

ure five cRit icul pairs (usp¡~u , his/ 
gly, ala/ a rg, vuVmelBnd phojlle) in 
l rus sepanllton. 'rhe a sp/ glu puir 
e lut.es very d osely to Ihe vo id 
vo/ume. 

F igure 5n show s u chromatogHlm 
0l:4uined u smg Ihe Zoroox Ecl ipse
A AA column. 'In e resolu tion o rall 
o rlhe crl tica l pull~ Is improvm , 
especia J] y Ihe fi rs t Pilu', usp/ glu. 

wllich n ow has incr ca sed retention 
und is m oved significunlly away 
from Ihp m lllllln 's voi r! vo ln mp 

Notea]so, Iha t arginirc elutes 
befa re ulan ine when uCl ing Ih e 
Edlpoco-AA A colu mn , compt\f(-'d t o 
thp Oligiml \ ,"mi llO QlJ~nl mplho d 

on Ihe sume 1/1' 1090 uls trumem . 

RJ::PRODUClBlLITY 

Tuble 2 3ho \\'OI Ihe results f rom 
reph ca le il1,j cx:t.io rE (n-o) of the 
aminn ,) ['id I"PM' , ion mi)(tlll"f' 

sepa ml ed u Slllg 11 Zo roox ~:cl ip se

AAA column (4.6 x tGD mm , 0.5 
lun) . Euch run replusunls an 
Imlivldlw l derivutizaLon and lIs 
chl'omatographic sepumtion. 
Iletemion lime l'eproc1lc ibil lty is 
quite goad w llh un u\'e rage % l-ela· 
1 in> s hlllrhlni r! pvül l i,')ll ('t, rsd ) nf 

O. I~. Th e reproduciblJity o f lhe 
dc rivulizul ion , u~ )"Cplc'Jcnl ed by 
the püBk Brea has >I n t . verngc %.,;d 
11 1"7. _0_ Thl~ l' ,bl la lln· l"I ll ll 11Ilml ,ll· 
t o Ihose pu blished fo l' Ihe o ri.¡.;inal 
Amino(.Juanl m ethod on Ihe tlP 
1000 ins tlllm(>nt (023 % ftm1 2.3 % 

IL-'S pedivl'ly (LC/ GC ],t!err /Ulio/:u1, 

\'oIume 5, Numbel' 2, Fel. 1002, pp. 
44 ·1[)). 

LI~EARITI' Ac~D SE~SITIVITY 

Linearily for the Eclip6Ü'AA A 
prnto ('O l is rl f'monsl nll f' rI fo r 1 hf' 

nln ge o f 4 .5 plllOJes to450 ¡¡mollos, 
uEing umino a cid s tan:lul'ds (0.5111 
sam ple). Fi¡.,ture 6 sho \\'s callbrnllon 
( 1 ll"Vf'S fOl' Sl'vf'l"lll ;) 111 ino II rirl~ 

u sing DAD o r F LD d etechon. '111 e 
co r re lution coeHic ient ['o l' a1l24 
amino =ids is OO!.w ()()nO.80DQO 
>1 11,1 1_00000 IIsi ,,!! , 'i ll,,· ,-II,,· DAn 

o r n.D detecto!' ro r m I ibrat ion. 

IX>lectlon o f del; v>ltized amlno 
ll.cid:; a t Iwo low levels, 5 p moles 

a nd 50 pmoles , is shown in Fi~lles 

7 and ~ fm' Ihe DAD a nd Fl.U, 
l'especuvely_ Using Ihe DAD (FIg. 7), 
eacn ll. millO a c id in lhe s tanchud 
mix cu n be resolved a L u le \'el o f 
up proxilllutg]y JO pmole8. T he n.o 
(F Ig. 8 ) shows highe l' sen s iliv ity 
lhan the DAD. 

Amino Retention Pel\kArea. 
AMrI % r!<ór! " 

,,., 
ASP 0.5.3 Oil 
Gil) 0.33 0.0 
AS;-.¡ 0.16 :1_2 
S~~ 1l 0_1 2 " GI1\" 0. 12 2.4 
II IS U. II ::' .7 
GLY 0.15 <'_5 

TJIll 0. 12 l.l 
011' 0.10 3.& 
Ah\; U.:3oj ::'.0 
Al A 0_11 o_n 
TYll 0. 12 0.7 
CY2 0. 17 0.6 
VAL 0.16 0.5 
ME'!' 0.17 11 
NV.>\ 0. 15 0.7 
'rJ~P 0. 18 OB 
pm: 0. 1.1 OB 
[U~ 0_14 11 
LELT 0. 18 1.0 
LYS O. ][) 0.2 
BY!' 0.13 4_2 
RAfl 0_14 f,~ 

PI lO 0. 12 2.7 
Mean U.l!i "J..U 

Table 2: neproducibllily ol Ihe 
ZuJt.oax ~:dip~e- AAA h u locul rUI 
the .>\ lIul ysw 01' Amino '\c id ~. An 
Agilünt I!UU System with qU ll te r· 
Ila ry p u m)) WH S llsf'd_ \',lh )f'S 

lep re5ent ~ ix rcphclI le II llUtr5es. 

CO-"lCLUSIU.\I 
[ )sing O PA amI FM,l C r h f'mis l li f's , 

ll.llIino ucid aru;.lys is of p rol e in aud 
p ept ide hy dl'oly¡;utü'.] can be 

p e rfo rmed In ten m inutes u s lng the 
Zortl<))( Por! il)';!>",\ A A rnllllllll llllrl 

Ih eAgil ellt 11 00 ll PLC. This 
sepurul lOn upprouch olIen! im· 
proved )'Nenti on 01' (¡ve criti cu l 
Imi, ,, , ',,1111';11 ,,11 ",11<,· Il r i0 11 11 I 
AminoQuant method on lhe 
I/P t O [)O!-J PLC~yCltcm. 'Increpro 
ducillill ly o f thü anulys is o r >lml no 
lIcid s on Ihe Edipse-AAA column 
is comparable t.o Ihal o f the 
o riginal AmincQualll m elhod, and 
Ih e n obile pllase is m o re slra igh t. 
fOlW!lrd to preplHe wilh on ly ll. p ll 
u djusl m en t 01 the bull"e r (9 01 vent 
A) need~. 

", A / " "., 

i 'P~ 
'. 

"", •. 

Figure 6: Cu librul ion curves fo l' 
a nalys ls ol ammo acid deriva lives 
loy lN (A) Of J'LD (B) detoctio ll. 
Lmeality is d emonslmted fo d he 
con(){)nlrution ral'ij,'ü o l l\.5 lo 1\50 

pmo _es in 0. 5 III o r samplo. 

The cho ice o f column dcpcnd~ 

u pon tho a na lysis spood and 
11'sulu tiuIl ues iI L-'Ll: 

ZOHHAX ~:dip~e AA.1o, 
4 .6 )( 7 5 mm (3_5 p m ) fo r rou1ine 

~ e!l s .ti v i t..v, hi gl l'lh ruughpul .... ulk 
u sm g the DAD. 

ZO Hl\A X ~~rlir sf'- A A.c\ 

4.6 x 1 [iD l ll l ll ([i ¡un), IUl l u ul i!le 

sen s.tivity, high·rcsolut lO n w ork u t 
lowel' back preSSlIl'GS, u sing Ihe 
f),\f) 
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~ • 
~ pmol 0<\0 • 

" ' 

6 7 6 '10 • \\ v¡ ;,~ " • ,,' 

"~ 50 pmol , " , 

10 mln 

Fi gure7: UV Detector l~ esponsej;)8 nm (OPA·de riva tives) Usm;: DiHe re m 
Collcentmtion s 0 1" Amino Acids. 

. ~ pmnl FlD 

6
7

31C 
", 

• • ,,\ I "D 

, ,, ' 18 , ,. lO 

" 
, " 50 pmol 

, j \ 

Fi gure 8: f'luor CSU'llce- De tectm Res po nse Us illg [)¡ll"e rent Collcenlmtio ns 
Amino A Cl<ls . Gain fOl" the Ph otomultip lie r Tu oo W r-.IT) .. 1 U. 

Z0m~ "x Edi ¡-N'-A ,\" 
4 .G:x 15 0 mm (3 5 1"" J. fOJ hicl> 
sells itivily, high-l"esoJul iOIl WOI1< 
us ing lh (' r L D 

ZUHBAX EcJi~ AAA 
3 .0.x 15 0 mm, (3.5¡lln), a llB llabl f' in 
Fall o f2 000 ,IS fOl"hig.h sensi tivity, 
high rcoolllt ion \\'ork with lcss 
solv f>nL and sample cOllsumption 

lk in¡.: Ihe .'\I.;ilcnt 13 10 A uulo 
samplm" lo >lnfama !e Ihe prü
co lumn d Eri vll. tizat lOll p roceda!"e 
rctJ\llw in a s J>ccdy und n~produc 

Ible n~action w i1h min i mal a p en¡ · 

lu r illl.~ r\'l' lI l iull. T/us jHULUcuJ Cllll 
be U9ed 1"01' rout ine antlJy~is 01" looth 
p r imary "",j i>L'(;U ll li>..-y "millu 

ucid s usmg Ih e 0-"10 und c:ü llect ing 
two wa~'el englhs, 01' wilh PnJ-
gro mmoo WIl \' olongth s \\-i l ching. 

F'o r high,sPl1 ~ il ivi l}' w Ol'k , Ih f' 
Iluo l'escen ce d e tector is "''''IUUM 

EXPERE\l E:'\T_'li. CO:\lDlTIOXS 

Chrornato¡;mm~ shown in FigUlu:J 
1 -8 WL'I1!- o btalned us ing thf' 
fo llowing e xperimentnl con d it ions : 

Instrlllll('lU 

'1le recommelld ed chromulo 
¡;ra phic G}'stcm i~ the AgiJ ent 1100 
HPLe: G 13 1:¿A BinalY pu mp with 
G 13 15A Diode ,\rmy Detector 
(DAD), (j mm o r ID mm tlowcclJ , 
and¡o r G 13 15A flu on !scen cf' 
Det L-'(; lu r (FLD). While Un, IL~UItS 

shown he no wereobtained t he 
loi", .. )' pUIUI> , [t,is p n.JcH<Il, ... , h,,~ 

1I1s0 l.een used wilh the AglJelll 
11 00 quatemUl~' pump (U 13 11A), 

HP LC CUltIllUl!; 
ZOIWAX Eclipse-A.M 
'1.6 x 75 mm . 3.5 11m 
I' N 0004()(}.902 

ZOIWAX Eclip~AAA 
4 .6 x 150 mm, ;]. 5IUII 
PN OO~OQ.OO2 

ZOImAX EdipSL .. A .M 
4.6 x 1[,0 mm, 5 ¡un 
PN W~OQ.OO2 
OjJliu lllI l gUlI n J. ¡;U!LUILII ' 
ZOI1J3AX EcJipse-AAA 
,I.ti '" 1:'< .& mm , [,. I,m , 4/PI{ 
PN 82()<J j (}.9;] ¡ 

ZOI\BAX Eclips~A.M 

:tOx 1,,0111111,;1:-'11111 
AVll. iJabJ e in Fal! o f 2000 . 
• Th o o ptiolllll gll u. rd colurnn 

sl".olol t." i,,,,I,,llt 'd 01 i, ... 1'IIy 11""""01· 
in¡!; Ihe unal ytia d COhUIlIl. us i n~ a 
low doud·\'o lurne connocto r. 

Mohil" PI",,,,, 

,\ : 4 0 mM N>l}I PO, pll 7.A [f"" g 
Nall,PO" m ono hydmte + 1 Jil e r 
\\C ll l e r, adjusl. to pH 7.~ w ilh NuOlJ 
solutio n (I O N) 1 
B: ACN MeOH: watel'(45:4[': 10 . v/yi 

"J 
11 is Cüll vlO'nlcnl to mllk f' Mobil e 
Phusc A a s u iOX stock solut.io n 
\\Cith no pH adj\ls tmcnt. Th e 
solutlo n can 00 kept for severnl 
w ecks und a m be diJllted Ilud 
titl'Uled 1.0 p/-l 7.~, tl S need ecl. 
AJI m o bilL'-plw. sf'solvcnts should 
be IlPLC gra de. 

Pllnl»S"rting" 

~'J ow: 2 ml.,' rnin 
S lopt imo 14 min (75-mm colurnn) 
u r 2 ü mil i ( 150-1111 11 ¡;Ullllll l l) 
Post lime: o ff 

Auxli im'y P UllljJ Sl'1 lilliol~: 
Max. n o\-\' mmp: l OO rnL/rnin ' 
Compros¡a bll i\y A 5 U '" 1lJ" 
M i'l i'TUlI f\T mkp ,\ : 20 111. 
COffipress,b,li ty B 11 5", 10'" 
Minimu l Strokc B: Auto 
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1,'o ri5 mm column le~lll 

Time (min) % B 

O O 
O 
57 
lOO 
I W 
O 

O 

For 150 mm cohnnn lf'ngth 
Time (min) % B 
O O 
1.9 O 

IRI 57 
18.ti I W 
22 _:1 11).1 

2;)2 O 
:¿ti O 

Nul~ Tu extellll \:ululIlIllife, f lmll 
column wilh lO c()lumn \'()Iumf'~ 01" 
100% B whun rnJumn wiJl n ot l-.e 
Il spd for Ilf'riods 01' OVPlll ighl 01' 
1011.o;el: 

Ikl~lur Seuiu¡,.(!; 

~ 
1~('(lu l1m Lmnps' 

UVw.mp: .res 
Vw. bmp: no 
UV: 3 j8 n m,IOnm bandwldth 
(ton), 1 "felel IU'" ;):)0 Jl l Jl, 20 Jl l Jl L w 

(fo r UPA,amillo acids ) 
262 nm , 16 nm bw, l~ff'l~nCe~ j2-l 
nm.8 nm bw ( 1'01" FMO(}ammo 
ucids) 
P,'¡¡kwidlh ;>()_O,~ ",iJl ( 0 _" s) 

Slil : 4 nm 

l'ori5 mm column 
Time 1:X(Em 1'1\1"1' 
(1IIill) ( 11111) Gaill 
O 340/ 4::.0 10 
8.5" 266/ 30;; " 
¡,'o r 150 mm column 
'NmC' 1':x/ E1n pl\rr 
(1IIill) ( 11111) Gaill 
O 340/ 4::'0 10 
15' 266/ 30;; " 
'"The spccific lime lo switch nuc 

..cseen"", wu ve Jeon¡.:th ~ ma}' d ille l' 
du f' lo \Jlri"lion~ in IplIlpprntu rf', 
mobile phuse, etc. 

l'l'tlkwidlh : ;>0. ['0 lIIi ll 

Alltosampll' r: 
Sl'l' \ ' ial pusi 1 iU ll ill;: (Fi¡,:. ü) 

l1\iüCtor pl"Ogmm: 
1),,. w 2 o"~ 111, f""n \ 'i" 1 1 (lH ",,1 .. 
l>u IIer) 
DrawO.:'j IL rrom samplC'(C'_g. , 
choose 'ria l position wl l fol' tl.1nino 
t.cid lllrlplc) 
Mix 3 jlL - in air' , max sp('()(j, 2x 
Vo.'ait. 0.5 mm 
l)raw U 111. ¡mm vrn l 2 (n c-edle wash 
IIsing WH If'I' in Il n r>lppprl via l) 
Dnlw 05 jlL from vial ;! (OPA) 
Mix j .5 111. *in 31r ' , lIlUX speed.lix 
Dntw O 111. fWI [1 vrnI2 (IIL't'ul l' \\'a~h 
usin~ wIlter in uncappc-d vial) 
l)mw U.5 111. from \'iuJ 4 (l"MLC) 
Mil( 4 ji L - i11 1I i r' , m,n SPf'r>rl , flx 

rOptiom¡] needle fins!' 1"0 1' hi~h 
sensllivity use: Draw 0.0 jlt from 
\'iul ti (Ae N, a\:l'lullilril~) I 
Dmw <3~ jlL fmm viul!) ( ....-uler) 
Mix 13jlL ' In ail" max S¡:oo:>d, ~x 

hlie.::1. 

Auxillu l}': 
DHI w~¡JL-"L-'\_L 200 ¡tI .. .!",ill 

Ejectspood: OlO IILj min 
Draw posltlOll' 00 mm 

rlgnrp. 9: Pos ilion 01' IT'llgpnl ~'ia l ~ 

illlh e Agilen t 1;) 13A tlutosampler. 
'l"h is poslt ioning 01' vla ls IS de
signed lor th (> Jisted iJ\iecto r 
p r~ran •. 

Vials; 
Conical via l inser ts wilh polymer 
Il'l't. ( f'i g. I OA) UI~ IL'lJ ll in~-'Ll tu ll ulu 
the OPA und ['IrIOC I~cn\" 

A B 

l"ignre 10: [nsf'rt , ViHl , and Cllp 
P hoto 01" cOIllCll I insel"i, A (Alti lent 
PN 5 1~1·12 7' lJ),amtJel'widG-openmg 

\"i<ll R ( Agi lpnl PN ;,lk2·07 hl), 'llll"" 
~C I CW cap e iA~i l ent PN 51B2 
U7' 21), fOl' amino lle ld unalysis 
llsillgll,,· Ag i],'lll 11í)(¡ 

uu to3Umpler. 

ueeuuOC' oflhe 1 imil(~d volumes 
invol ... ed. 'rhe inserls ure comput· 
ibl (> with w idG-ope llingse)"()w·top 
(Fig. 10B-C)ol' cr imp--top v i/lis. Fe'l 

this p l'oced ure snup·cup Villlll 
~hoald no/. 00 u~ed l><>ci.u~" un 
ui lt ighl ~l'tl l l~ II l'l'Ul'U I"ulbulh 
I,'MOC, becuuse il. is h lgbly voluti le, 
llnd OPA, bectl llse 11 sJowl,' de
g ludes in lhe p resence 01" OJ.;ygen. 
Be eur efu lnot 10 u ,*, vw l" ol'eup" 
des ig ned for o ther Instnlml:'nls , liS 

l/Iese I l l tI}' J<lIlIll;:e li le .'\gilel ll. 
C; 1:J IjA aa t osampll:'l'. 

Colmnn C om purtment: 
Tempemture: ,'\Uve ( leH and I·ight 
~ i rlP) 

Enuble unulysis Whell temperntu re 
is within set'point +,:. U.~ vc 

Deri\1\timtion Uenj("ents 
BomlI:'BlIfff'(": 
Agilenl PN ÚOO 1,;s;JCjlJ 

Solu tio ll ill 0.4 N in wuler, pH 10.2 
KC'Pp r "f rig"" lt pd (.1 V

(:) 1 )i"l')P11~" 

us lIe~e~~ul'.v. 

nlCl~ 1l0l!'mt· 

Agilent PN 500 1,;);):J7 
P ' I",tt" l(¡() -jd,,¡]i'l llOtH nfthf' 1 m 
I-'MOC 1·C'ugem inLo conical illS('l"ls, 
Clip immc-dillLf'ly llnd Icfl'igcrute 
( 'l Oe); sol.ation IS useuble 1'01' 7· (1) 

days, maximam, aft~r disp"nsing. 

-----------------------w 
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()Pc\ nf'tj !'f'nI' 

A~ilel1l PN 5061 -3301) 
Pipelte lOU ' IL uliquotg ofthe I m L 
OPA mugent into oolllcal inserls, 
("'>Ir imm Prlia Iply anrl ."f.igf' ral f' 
i~4 °C-'; solutio n is useable fOl' 7 · 10 
dnys, mQxirnum, flfter dispen sing. 

Walel', Oeionizoo , HPLCgnldt' 

Oee O rde,ú,," ltifortl/.at'ioll for 
ooseriplion s and pm'l numoe!"s. 

SAl\Il'LB l'REPARATION 
Note Eu eh re~nt viul s hou ld be 
IT'¡l laced evet)' duy. E.:aeh I mI. 
ampoul e of J1JUgenl conlu lns 
c;lIffll"it' lIl ~lI ll1li () lIl tll¡I ~II¡] "11I1It'lI 

rnys (1000 ItI,; I 00 ¡IL - lO duys). 

Amino.\.dd Mix for Chrollla to

gt'1l 1)hl(' CA"l1Il11:1r1S011S 

Fo r chromatogmphi cunalyses , l7 
mnino ucids from lhe 2ÓO pmol/ ¡t1, 
stundalu mix (PN: 5061 ·333 1), plus 
d lfulline und Ih e O s u pplemt'nlal 
mnino II.cids, ,""er e combined II.tu 
con centt:utlon ofl:l pprox imatcly 
250 pmo lj' lL. 'fh e mixlun~ W!l.S 
p repar'CC! by combinlng t h t' two 

stock s~ uliol1S d escr ibed bdow. 
Add 1 111. orthe supplemen t'a l 
mnino uc id ~tocl< w lul io n to u 
[rt'sh allquot 01" tht> 250·pmolt' 

s laltdanJ ( 100111..) in lite CUlti rnl 
vial inser1. M u.: us ingv. vorlex 
mixcl' lo cmnplctc Ih c 24 compo 
I1()nt ~Iundun! rcady fOl' iJ\jüct io n 
(:~no Ilrt ttll/ [ ,). 

250 pmo l(' fllulldurd ' 
Divide I mI. ampoule of2 5Üpmo l¡ 
111> a llli .ln adrl s (P N ;,0(11-;"1 ;\;\1) 

inl.o 100 JI L porlions in cGllical 
vial inserls, cap und refl'i ,~emle 

al iquols at 4 vc. 

Su 1'11J ¡' IIWll ta l 11!!l;II" I1dd S\(H"k 
SQJul.jon 

Wei~h u ooul Ü.<!5 mmol.es of cueh 
auxl1ia l)' amino uc id (gln, asn, 11'1) , 

nva , hyp, sur) from kit (llN 5062-
2478) into a 20-mL v ia!. Add 5 mI. 

de iOlIl~ed '""ti te .. und sonicute in a 

hol wu\('r ba t h until d lssolvt'd 
,\(!rl a not hf' r ; , mJ . w;Jlf'rto 

complete di lu !iOIl. S to re in refri.l..'
erutor t 4 Ve). CitrulJine (:; igmu 
A]d ridJ. Co., S I. Lou is, MO) wus 
Mirlf'fi ill this lIliX" 'JI th f's>l m p 
concent ration. 

fo r ston~e, do not com b ine 
s \lpplt'mt'ntul llm ino ueids wilh 

amillo acid sl'ilndurd s. So me of 
lltege supplementul llmin o lleids 

d8!!mdG in He l (esJ>GCially 
g1 u tamin E', <lnd \O a lt' sSüI' üxlen t , 

a spum;:i ll l'). 

Anlino A cid _\lixt'or Calibmtioll 

Curves 
Hl r 1 !tI' \"Il 'I ~ 11"t1t"1 iult '1I"I"<II i l ll"lll i[11I 
CUlves, 17 a mino aci d:l, plus t he 4 
eh.1.endcd amino ucictl , are com 
binoo ut vU l10us Cún C"ülltnltlons 
wil h liXf'rt mnolJllls o f inl f'nml 

standards. The int.emul standards 
(lS11) (norval me and 9U 1'COsin e) 
al-e purt ofthe supplemenlul umino 

aad k il (pN: 5002·2478). TIle 
re ma ini ng a mino ucids in t h is kit 
(;:In . rumo tl1>. hyp ) form the 
e .... 1.ended amino a cids (EAA). 1'0 

make tlle app r opriate solution s , 
refer i o T<1 bIes j i:lnd 4 for low and 
h~h sensitinty stundll. rds. r espec· 
1 ively. 

'\lIIj ",pl!"jd :;1m!! ! >! "1" UO jllIIlIlIl' [ 

lo In01olll ll.): 
Dividccuc h 1 mLump:JUleof 
standurds PN 5U'j 1~;J3U th rough 
nD(, 1·;\:\'\4) ti! 1 u 1 D(] ' 11. JM 111 it IIIS i It 
con i= 1 vial insuls, cup ami 
refri,i!cru te uli.quots ut 4 oC. Culibru · 
\ion CUlVes may be m u de using 
from 2 lo :-, Sl<l llrln rrl 'l , rl f'j"If' llrl illg 

on expt'rjmen ta l nüed. 

~;:¡1 ell ded amjllo !!Cid ( Ec\ Al '1101'1< 
so! lI lioij' 

l1 tR; SUlLIl.i uH is Il lmll' us ing fu ut uf 
Ihe su.: umino ucids in the supple
menlul am ino ueld I;it tPN: E>UÜ 2 
2478). f'OI' u se w lth low·sens iti\"i ty 
standurds ('rabIe 3), mako:> ti 25·mL 

solut Ion eontulnlnt! 18 nmol/J tL 01" 
ght l>lmi ll f' , asp'J mgillp, Iry pT ollhan , 
tlnd 4-hydrox:y-proline in deimuzed 
wulcr. SonicuLc the golutio n unlil 

d lSSO!\'ed Store th e solut io n 
rf'rrisPr>l tpd , j t 4°(;. Fnr llSf' w ilil 

h~·sens i ti\·i1:'.· s tllndalus r rub le 
4 ), make a 1.8 l\moV ItL solut ioll by 
d¡]ulin.g5 mI. of the 18 nmol/pt 
stu ndard wi til 45 mJ.dt'ionilOO 

11,0. 

!Jll(' rna] fl:an durd fl ( 1ST!)', stock 

~nh l lj° D' 

'fh L"'Sto' SUIU[j eJ IIS al e ItLUUl' usm,: 
two 01" lhe six umino ucids in the 
~upp !emental u mino ucid kit (PN: 
5062-2473). Fo r use wi th l ow. 
M'rt~ili\' il y sl a tttl¡u·¡Js ('I'ah!!' ;~) , 

mukea 25·mL solu tion contnining 
10 nmol/I IL ofn olvtl lineand 
Sl:l n~os lnc In df"ionlzed wa tt'r. 
Son irnlp Ih p snlllli on Illll il rlis

solvt'd. S to re in re!"ngt'mtor (4 OC). 

r Ol' Uge wilh high·sensi l i .... ily 
slundurds Cra~(4 ), make u 
1 1l1ll0VIlL solulÍon by dilutin.g 
[, m L ol"1he 10 nmol/ IIL sUll1dard 

with 45 mL deLonized H,O. Ston~ in 
refrige.mlo r (.1° C). 

ADDITlO~AL SUPPORT 

U~er conl ribu tcd Chcmsla I ion 
Mt>lhod Illes ro r etl eh column 1)'pt>, 
w ti ltl'rt UI.J(; UltLl'ltluliull , as wclJ us 

u n ami n o a cid r epo rl mld 111acro, 
areuvuilable by downloud .... iu the 

Agilent web s itell l 
wwv.' .ag ilf' l tl.!"t IIU/ t·ht' rll , tl tl rlt' . 
'"Techu ICll I Suppü r l" " " Use r Con· 
t .. ibuled Sollwure". 
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Toble 3: Pre paratio n o fL ow-Se ns iti v ity Amino Ac id S t.andurd Solut io ns. 
Pmpum t.he thme low-sens itiv ity s tundul'ds by mLx ing logethel' stock 
solut io ns in lhe volumes s hown. 

C oncentration of Final AA Solutions (pmolj"IL) 

Take 5 mL 18 nmo l EAA 
Dilute wi th O. IN He l 
Oiluted EAA mix 

'fuke 5 m L diluted EAA m ix 
Add 10 nmoll STD solutio n 
EAA-ISTD mix 

'l'ake 100 ItL EAA~ISTD mLx 
Add 1000 pmol AA sLundur'd 
Add 250 pmo! AA s t.a nda l·d 
Add l OO pmo! AA s la nd un:! 
Filwl AA Solution with 
EAA a nd 500 pmolhlL lSTO 

900 225 90 
5m L 5mL 5 mL 

5mL 

5m L 
5mL 
10mL 

lmL 

15mL 45mL 
20mL 50mL 

5mL 5 mL 
5mL 5 mL 

lOmL lOmL 

l OO,tL l 00,~, 

900,tL 
9OO, tL 

lmL 1 mL 

Toble 4: Preparatio n 0 1' 11 igh~Sens it ivit.y Amino Ac id S ta nd u l'd Solut io ns. 
PI'cpum t.he Lh me high-sens iLivily s Lu ndu rds by mix ing togeth c l' s Lock 
so!utio n s in t,h e volu mes s ho wn. 

Concentration of Final AA Solutions (pmoI/ JIL) 
90 22.5 9 

'l'ake 5 mL 1.8 nmo l EAA 5mL 5mL 5mL 
Dil uLe w ilh 0.1 N HCI 15m !" 45mL 
Oiluted EAA mix 5mL 20mL 50mL 

Take 5 m I.. d ilu l ed EAA m ix 5m !" 5mL 5 mL 
Add 1 nmo l ¡STD solut.io n 5 mL 5mL 5 m L 
EAA-ISTD núx lOmL lOmL lOmL 

Take lOOJILEAA-IST D mix 100,tL l 00, ~, l 00, ~, 

Add 100 pmo l AA s tundard 900,tL 
Add 25 pmol AA s tand :.II·d 900,~, 

Add 10 pmol AA s tandard 9OO, tL 
F ilwl AA Solution with 
EAA a ud 50 pmolhlL lSTO lmL lmL lm.L 
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11------
O HDEHING I NPO HM_ATI O N 

Ecli}>se-AAA HPLC COhUllUS 
Desc ripli o n 

Ana l ),, 1 i .~H I r01l1 i n p s Plu:i1 ¡vi [y, 

hig h - r esolution 
Anoly l ical hi.i=!:h scn s i t ¡ v ily. h ¡gh 
n.~solulion ,york u S lng Ih e F'L O 
A n u ly tica l, " o uHn e sens itivi t~'. 

hi~h- I hl'O ll .'!h put 
A n u ly t icul high scn s iUvil-y , high 
,-esoluLio n "W"ol-k- D ..-'\.D 0 1- FLD 

G u u rd (4 / pk) 
G uur'd Il u ,'dwul'c Kit 

D e .. "ivutiz.a tio n R e ugen_o,. 
Dcscripl io n 

Size 
( 1 11111) 

4.6 x 150 

4.G x l GO 

4.6 x 75 

3.0 x 1 50 
4.6 x 12.5 

Bornle B uffe l ': 0.4 M in wute r , pl-l 10.2, I OOlnL 

PUI-tlcl e 
S izuüul1) 

3.511111 

3.5, ItTl 

5 'lm 

F' M OC n euF(cnt , 2.5 m g,t'lnL in ACN, 10 x l rn L a mpou l es 

O PA Hcugcnt, l Orngl rnL in 0.41\·1 b OI-utc b u f]c l" u.nd 
3-- ITlen~aptopl"oprion i c a c i d , 6 x 1 rnL a m poul es 
D'T DPA H e u gcn l l ()I' u n u l ys is o r cyst.e i n e, 5g 

V ia.k 
Desc r i pt ion 

1 0U 'lL tJonicu l ins€I"!. '\-v ilh pol yrn er leel, 10U/ pk 
Ambe r , 'Aride-openin g, wT i le-on, scre'A'-t.op 
v ial , 2 mL, 1 OO/ pk 
U I-een Screw Cap , PTI"E/ s ilicon e seplum , lUU/ pk 

Sta..n.dards 
Dest.;rilJliu n 

A m in o Acid S t u nd u l'd in 0.1 M H e J, 10x I nÜ .. UHlpo ules 

L nlno l / ¡-nl 
~ 5U pmo l ¡ ml 
100 pmol ¡ rrt l 
25 pmo l / ml 
10 pmo l I ml 

S upp lc m o n l.ul Anlino A c id s: 
Nvu, SU I", AfJll. , G IIl. , Trp , Hyp , l¡:; cuch 

Additio n a l Suppo rt: 
Uescriplion 

A g ile n t 
PU l"' Nu. 

993400-902 

003400-902 

966400-002 

96 1400--30:::: 
820950-93 1 
820777-00 1 

A~ilcnl 

Por!. No. 
506 1-3339 
506 1-3,:337 

506 l-3335 
5062-2479 

A g i le n !. 
P a l" No, 

5 182-07 16 
5 18~-07:¿ 1 

Agilc ll t. 
Purt No. 

5061 -3330 
úUo l -;jO;j 1 

1'>06 1 3!) :)2 
5061 -3333 
506 1-3334 

5062 :.!178 

User-con lr ibuled C h e Hl s L.ut ion m e l h od fiJ es, c u s lonl u rnino-ucid repo l-l 
u nd Inuc r o , u n d u n )' uddili o n ul doc u lTle n t ut io n U I'e uvui lub le th l+o u g h l h e 
web al w ',>v'w .ugilc nLcom/ dlCn \ under ~Tcchnicu l S uppo rt"' I MUsel ' Con 
lribuled :Sof!.v.'are " _ 
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" ... " 
':.y.:.' 

Cop ym;h: 2000 A~ilcn t Tcchnolo· 
g ics AH I~ .gh\ s n CS ClVOO, I~ cp roduc

l inn , a rhl11111l in n n r lmn s bl liml 

witnoul¡: r iOl wriUen pennission 
is p rohiLoited, cxoopt a s alJ owoo 
llnd " r l h" rnp y rig h l 1" .... s 

Agilant Technologias 
'l'lI:uati ng :ha HP Wa}' 

P,I.t:>diu UBA 
1' ,.-, NQ. BOO')-] 1951: 
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Masa mol

Para prep

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(132.12 

0.01

1.006 E 

   0.0098

  9.87 mmo

L

197 µM

179 µM

120 µM

0.1 mmo

10 mmo

L 

0.013

ce 2. Ejemp

o 

ada: 0.0133 g

lecular: 132.1

parar 10mL de

g/ mol)       

1 L 

‐4 mol 

87 mol 

L 

x  

ol 

L 

x    200µ

10000

x  500 µL 

M 
 x   80 µL 

880µL 

M 
 x   600 µL 

900 µL 

M 
 1000 µL 

ol  x    0.13212

1 mmol

l   x 0.01L = 0

33 g 
=  1

plo de cálcu

g 

12 g/ mol 

e una solución

= 0.0101 mo

L 

 103 mmol 

1mol 

=

µL 

0µL 

x   103 

1m

= 179 µM 

= 120 µM 

= 120 µM 

2 g 

 

= 0.

.1 mmol 

1.006 E ‐4 mo

ulo de las di

n 10 mM  

ol   x   98%

 100%

=  9.87 mmol

 L 

µmol 

mmol 
= 19

… 

0132 g de As

l 
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ce 3. Progra

rama de iny

cia, en la ca

mero Ac

1 To

2 To

3 Mezcla

4 Es

5 To

6 To

7 Mezcla

8 To

9 To

ama de inye

yección de

antidad de m
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