
Note 

Separation of fluorescamine derivatives of aliphatic diamines and polyamines 
by high-speed liquid chromatography 

Fluorescxn-iinc* is a powerl~uf fluorogenic rcrt~ent that xki s-nthcsizcd rafter 
elucidation 01‘ the structure 0f fluorophors derived t‘rom ninhydrin, pfienyfttcet:tf- 
dehyde and primary tmlinesZ--k_ The reagent hs been used to determine primary 
ermine* -Ig_ but a‘, information \v;is rtvaifabfr on the separation of i?uorescaminc 
dcriwtiues. This paper rt‘ports ;i new tippfication 0,f the reagent to afipfiatic diamines 
and pafyriniincs. 

Vvdx reversed-phase chromato~l_rtlphic separation material (The Separations 
Group_ Hssperizi. Cafit_ U.S_iZ_) was used as column packing. 

Ffuorescamine was obtained from Hottinan-La Roche (Nutfey_ N. J.. U.S.A.) 
(courter; of Dr_ William E. Scott): :I stock solution of it \Y:‘;~s prcparcd in ;i special 
srridc ot acetone fSacl;o Junyaku Co._ Tokyo_ Japan). Borrite bulli-r \s;ls prcpxed 
tiom boric acid tryst_ GR (E_ Merck, Darmsizldt, G.F.R.). 

Tf~t’ diamines butrine-f.~ditlmine (putrescine). pcntane-f .5-diaminc (cadnv- 
erine). hexme- _6-diamine, heptane-1-7~diamine nnd octane-f S-diamine uere ob- 
tained i-ran Tokyo Ktlsei Kozyo Co., (Tokyo. Japan). and spermidine and spermine. 
as hydrochlorides_ were purchased from Sigma (St_ Louis. Mo., U.S.A.). 

N-3-~minoprop~fpeSntanc-l,5-ditliiiitie and N-3-;t~~~inoprop~fhcsaI~c-1_6-di- 
anine were synthesized by ;1 modification of the methud of Jacksonl~_ and N-3-amino- 
propgfhrptane-I .7-diamine and N-3-aminoprop~foctrlilc-I.S-dianiinc \\ere syntkesizcd 
anafosously as described by Israel c’r c~f_~*. Various chemict~f and physical p:tramcters 
were measured to confirm the purity of these compounds. 

All other or~tnic solvents and inorgmic cfiemicals used \\cre commerciall_v 
available highly purified reagents_ 

To :I mixture oi-one volume of-sample solution (less than 1 nmole &amine;!,~f) 
and one vo!ume of- 0. I J1 borate bufl‘er of pH S-0 (prepttred bv titrating 0. I :I2 boric 
acid with 6 N sodium hydrkde) w\‘t~s added one volume of a solution of fluorescamine 
(20 mg/lO ml in acetone) at room temperature: rapid addition and mixin \\-ere es- 
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sential to achieve optimal fluorescence_ An rtliquot ofthe reaction mixture was directly 
applied to the c01unx-t. 

A master solution was prepared by dilutin, n 60 ml of O-1 ~12 sodium borate 

bufl‘rr of pH 8.0 to 100 ml with methanol and each mobile phnse used was prepared 
by diluting this solution with the sodium borate buflkr to $ve the desired tnethanol 
content. 

The high-speed liquid chrotnato~rapii was constructed in our laboratory. A 

hi&-pressure piston pump (model WU-I Minimicro putnp. Kyo\v:t Seimitsu Co_) 
delivered mobile phase at 1 tnl,/tnin to ;t colutnt~ in :I thick-walled glass tube (50 :-: 
0.3 cm) titted with a head 1-w syringe injection through a rubber septum. The temper- 
ature of the jacketed column was kept at 60’ by circultttin, c* water from a thertno-bath 

(model CTE-I!_ Coolnicr_ Kotnatsu Solidate Co.). The cluted fuorophors xverc 

measured with an Atninco tluoro-microphotometer (Americatl Instrutiwnt Co.! 
equipped with ;t high-intensity mercury vapoitr lamp_ ;t Corning No. 7-51 primary 
lifter_ a Wmtten No. 4 secondary filter and a quartz flow-through cell (2 tntn I.E.): 
the tnwsuretnent~ Lvere recorded on a Model EPR-ZTC Electronic polyrecordrr 
(TO.4 EIectronics Ltd-) with ;I chart speed of- IS cm/h_ A screw cock was fitted at 
the outlet ofmthr colunm to pmvide tl back-pressure_ and ail lines Lvere connected with 
-I-ctlon tubing (1 nnn I.D._ 2 tntn 0-D.). 

The apparatus cased to provide :I linear ~rsdietit t>r elutioti \v;ts ;l simple otlc 
based on a pair of cylindrical glass vessels of* the same size ( 1 .S cm I.D.. 7 cm high). 
The other cspcritnentttl details tire given in the legends to the tigures. 

RESULTS .-\SD DISCUSSIOX 

The reaction between fluorescatnine and the primary amines and hydrolysis 
of‘thc rssccsd of‘rcagent \i’ere complete within a f&v minutes at rootn temperature tit 
pH S, and the resulting fluorophors were stable t\w several hours_ % molar ratio of- 
reagent to pritnttr~ amino-group of-at least 3_6:1 mas chosen to ensure completion ol- 
the rsoction: the senrral structure of the fuorophors is sho\vn in Fie_ 1. Utldcr tl;e 
conditions used_ monotittoresc;:tllitl~ derivatives of ttliphatic diatnines and poly- 
:ttninrs \vcre not t~m-nrd. althoitgh t~iotiotlitorescat~iit~e derivatives of putrescinc. 

R:(CH,), (n=4-81,dicmines 

R. (CH&NH(CH2), C nr4-a); N-3- amiflOp,-ODy!- 

olkvldlommes 
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spermidine and spermine could be separated by etution with a gradient of 0 to 6 “/” 
of acetone in pH 8.0 borate buffer containin s 2”/” of NaClr they were eluted at the 
solvent front under the conditions described below for difluorescamine derivatives. 

The best separation was achieved by using a reversed-phase chroniatographic 
system employing a chemically bonded octadecylsilane column. with a gradient of 
methanol in 0.1 M borate buffkr of pH S-0 as mobile phase. 

Fig. 2_ iilustrates a chromatogt-am of the derivatives of a series of aliphatic 
diamines. It can be seen that they were clearly separated in order of increasing methy- 
Iene-chain length: thus, under the elution conditions used, one methylene group was 

sufficient to produce ;t distinguishable difference in retention time. 

Retention time (mid 

Hefive achieving the chromato~ram shown in Fig_- 2_ various fktors atkcting 
the ehtion profile (e.g.. the pH and molariry of the elutin, 0 bul’ikr and choice of- or- 

ganic solvent) had been studied_ A pH of S-0 was chosen after consideration of the 
stability of the fluorophors from pH 7 to 9. Both phosphate and borate butti-rs \verc 
esamined in combination with various organic solvents. When both butt&s \yere 

compared under the same conditions of- molarity (0.1 ;\I). misin, 0 ratio of oynic 
solvent. etc., a marked decrease in retention was observed \vith the phosphate butlirr. 
This might be explained by the influence of ionic strength. us ZI similar decrease in 

retention was produced when sodium chloride was added to the borate system. As it 
was desirabIe to incrcnse the retention, borate buffer (O-1 42) \v;ts prefixred. For the 
oqanic solvents, retention \vas decreased in the order methanol. ethanol. acetoncr 
in rhe same way as with the salt effect. methanol was considered to be more suitable 
for adjusting the retention of the ffuorophors. 

Fig_ 3 illustrates a chromatogram of a series of N-(3-anlinoprc~p_vl)alkyl- 
diamine-fluorescamine derivatives in which the elution gradient !-or the diamines 
was modified: a ditikrence of one methylene group in a relatively large molecule 
could be recognized. Another example is shown in Ft,. -n 4. in which the fluorescamine 
derivatives ofthe naturally occurring polyamines putrescine, spermidine and sperm- 
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Fig. 3. Chromntogan of fluorcscmnine derivatives of N-(3-alllinopropvl)nlkvldinmin~~ Gradient 
elution with IO ml of ISPi methanol in pH S-0 borate butkr and 10 ml of 40:< methanol in pH S-0 
borate bu&r_ 1 = sprrmidine: 1 = N-3-aminoprop~lpcnt~nc-l.5-diamincr 3 == N-3-aminopropyl- 
ticszlnr-l,6-dilminc: 3 =: N-3-aminopropylheptsnc-1.7-diaminc: 5 = N-3-aminopropyloctsne-1.8- 
dim~ine. 

Fig. 4. Chromtltogrmn of fluorcscmnine derivatives of putracine. sprrmidine md sperminc. 
Gradient rlution with IO nlI of IOr; nwthunol in pH S-0 bomtc bufk and 10 ml of2596 methanol in 
pH S-0 bomte but&x_ 1 = putrescine: Z = spcrmidiner 3 == spcrmir.r. 

ine were chrotnatographed by a modilied gradient elution different from the two 
systems mentioned above. Thus it can be seen that various types of modification can 
be made to the gradient schedute dependin, ar upon the objective desired_ 

The limit of detection was of the picomole order. and determinations could 

be made from the recorder trace by measuring the peak-height ratio with respect to 
an internal standard. Fis. 5 shows an esample ofthectllibration curves for some ofthe 
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Fig. 5. Calibration graph for aliphatic diamincs. Detrrmination wxs carried out from the peak- 
height ratio with respect to hesanr-l.6-dhmine (X0 picomoks) as internal standxd. This graph is 
;1 superitnposition of those for putrcxine, cadavrrine, h~ptanc-1.7-ditltiiiIle and octttne-l.S-diamine. 
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alipktic diamines with hesane- ,6-diamine as internal standard: satisfacror>r linearity 
is demonstrated, even in the picomote range- 

ThemethoddescribedwiIl undoubtedly bea useful tool in research on ntltudi~ 
occurring polyamines- and application of the method to biological material is current- 
ly in progress in this laboratory. 
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