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Abs tract: High-per for man ce liquid chro ma to gra phy (HPLC) is a chro ma to gra phic tech nique that can
iden ti fy, quan ti fy and pu ri fy the in di vi du al com po nents of a mix tu re. The pre sent con tri bu ti on de als with 
a mo du lar set of Pro mi nen ce 20A (Shi mad zu Co.) HPLC, which was as sem bled of the fol lowing
mo dules and ac ces so ries: a sys tem con trol ler, CBM-20A; an auto-sam pler, SIL-20AC; a sol vent
de li ve ry unit, LC-20AD; a de gas ser, DGU-20A5, a co lumn oven, CTO-20AC; a low-pres su re gra di ent
unit; an au to ma tic rin sing kit for Pro mi nen ce 20A; a se mi micro mi xer, SUS; and a re ser voir tray. In
ad di ti on, Shi mad zu�s Pro mi nen ce HPLC sys tem is sup ple men ted with two de tec tors: an UV-VIS
ab sorp ti on de tec tor, SPD-20A; and a flu o res cen ce de tec tor, RF-10. The en ti re HPLC sys tem is
con trol led using the PC soft ware LC so lu ti ons, ver si on 1.25 SP1 (Shi mad zu). The HPLC set was
de signed with the aim to iden ti fy, quan ti fy and purify the individual biomacromolecules in biological
fluids or tissues for possible diagnostics application. 
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1. In tro ducti on

High-per for mance liq uid chro ma tog ra phy (HPLC) is a chro mato graphic tech nique that
can sep a rate a mix ture of com pounds. HPLC sys tems are cur rently used in a wide va ri ety of 
fields, in mo lec u lar bi ol ogy, med i cine, bio chem is try and an a lyt i cal chem is try to iden tify,
quan tify and pu rify the in di vid ual com po nents of the mix ture. HPLC is ame na ble to most
analytes and it gives ex qui site sen si tiv ity and se lec tiv ity. Pre para tive HPLC is one of the
most pow er ful tech niques cur rently used for the pu ri fi ca tion of syn the sized com pounds in
med i cal chem is try lab o ra to ries. In ad di tion, ther a peu tic drug mon i tor ing, screen ing of dop -
ing agents, spec i fi ca tion of xenobiotics, and de tec tion of spe cific ox i dized spe cies com -
monly em ploy high-per for mance liq uid chromatographs. HPLC tech nique has also been
used to an a lyze met a bolic pro fil ing, to in ves ti gate the anti-bac te rial ac tiv ity of plant ex -
tracts through quan ti fi ca tion of exo tox ins, and to iden tify and quan tify the ca rot en oids,
phe no lic com pounds, isoflavone com po nents and other phytochemicals. Com pre hen sive,
HPLC is, due to its ad van tages in achiev ing high re solv ing power, be com ing more and
more at trac tive es pe cially to those who deal with com plex sam ples [1-3]. 

Acta Physica Universitatis Comenianae

Vol. LII (2011) 77-82



2. Prom i nence 20A Shimadzu HPLC for iden ti fi ca tion 
    of biomacromolecules by UV-VIS and flu o res cence de tec tors

At pres ent, high per for mance liq uid chromatographs are pro duced by 91 com pa nies;
how ever, a Prom i nence chromatograph from Shimadzu Cor po ra tion fea tures the world’s
first Web con trol, fast est sam ple in jec tion, and the high est de tec tion sen si tiv ity per for -
mance to sur pass the cur rent HPLC tech nol ogy. The mod u lar Prom i nence HPLC sys tem
of fers ex cep tional spec i fi ca tions and flex i bil ity for any ap pli ca tion. Our lab o ra tory is
equipped with Prom i nence 20A HPLC (Shimadzu Co.) thanks the pro ject im ple men ta -
tion: “Cen tre of ex cel lence for ex ploi ta tion of in for ma tional biomacromolecules in the
dis ease pre ven tion and im prove ment of qual ity of life“, ITMS 26240120003, sup ported
by the Re search & De vel op ment Op er a tional Programme funded by the Eu ro pean Re -
gional De vel op ment Fund (ERDF). With the aim to sep a rate and iden tify bio-
macromolecules in bi o log i cal tis sues and bi o log i cal flu ids, we as sem bled HPLC sys tem
of se lected mod ules.  In our lab o ra tory, Prom i nence 20A (Shimadzu) HPLC sys tem con -
sists of the fol low ing mod ules and ac ces so ries: a sys tem con trol ler, CBM-20A; an
auto-sam pler, SIL-20AC; a sol vent de liv ery unit, LC-20AD; a degasser, DGU-20A5, a
col umn oven, CTO-20AC; a low-pres sure gra di ent unit; an au to matic rins ing kit for
Prom i nence 20A; a semimicromixer, SUS; and a res er voir tray. In ad di tion, Shimadzu’s
Prom i nence HPLC sys tem is sup ple mented with two de tec tors: an UV-VIS de tec tor,
SPD-20A; and a flu o res cence de tec tor, RF-10 AXL [4].

2.1. Sys tem Con trol ler CBM-20A  
The CBM-20A is a sys tem con trol ler equipped with a data buff er ing func tion and acts

as an in ter face for con nect ing LC workstations, net work-cli ent com put ers, and an a lyt i cal
in stru ments via Ethernet. The card-type CBM-20A is used by in cor po rat ing it into an
LC-20A-Se ries sol vent de liv ery pump or auto-sam pler. It can con trol up to five units, in -
clud ing the unit in which it is in cor po rated. Prom i nence may be con trolled over the web
from any com puter with Microsoft Internet Ex plorer 6.0. 

2.2. Auto-Sam pler SIL-20AC
This unit is a to tal-vol ume in jec tion-type auto-sam pler that en ables high-speed in jec -

tion and multi-sam ple pro cess ing. Com pre hen sive sam ple car ry over coun ter mea sures
make it pos si ble to per form anal y sis with out carry over. The SIL-20AC is equipped with a
sam ple cooler that incorporates a de hu mid i fy ing func tion. Sam ples can be main tained at a
fixed tem per a ture in the range 4 to 40 °C. A rack changer can be used to change the
microplates in the auto-sam pler’s rack and thereby fa cil i tate se rial anal y sis. Up to
12 plates can be mounted in the rack changer. This model in cor po rates a cool ing func tion.

2.3. Sol vent De liv ery Unit LC-20AD with low pres sure gra di ent unit
LC-20AD sol vent de liv ery pump sys tem cov ers a wide ap pli ca tion range with op ti -

mized per for mance un der any con di tion. As part of an HPLC sys tem the pump can in cor -
po rate the CBM-20A in ter face to con trol the en tire LC sys tem via the web browser or
in stru ment con trol soft ware. The LC-20AD pump de signed in mi cro vol ume dou ble pis -
ton tech nol ogy pro vides pul sa tion free sol vent de liv ery from real mi cro flow ap pli ca tions
up to semi-pre para tive flow rates. The pump is con fig ured as a qua ter nary low pres sure
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gra di ent sys tem (AD). The low-pres sure gra di ent unit LC-20AD is en abling the gra di ent
elu tion in a com pact space with a small void vol ume. The flow rate ranges from 0.1 µL/min
up to 10 mL/min. 

2.4. On-line degasser DGU-20A5
The LC-20A se ries degassers fea ture ex tremely ef fi cient de gas sing in a low-vol ume

and com pact de sign. The degassers are pow ered by the LC-20A se ries pumps, and the
pump con trol panel can dis play the degasser vac uum level. The DGU-20A5 is an on-line
degasser that uses a fluoroethylene mem brane. The DGU-20A5 uti lizes five de gas sing
chan nels  for the in ter nal vol ume of 380 mL. The DGU-20A5 also uses an ad di tional chan -
nel for de gas sing the rinse phase of the autosampler. Re mov ing dis solved gases in mo bile
phases is an im por tant step for en sur ing the proper func tion of pump check valves, and to
pre vent outgassing in the de tec tor flow cell. 

2.5. Col umn Oven CTO-20AC
The Prom i nence Col umn Tem per a ture Oven (CTO) is a large-ca pac ity forced air cir -

cu la tion de vice that re lies on au to matic fan speed con trol for pre cise tem per a ture con trol.
The fan speed var ies with the set tem per a ture through a quick feed back sen sor mech a nism 
to main tain the de sired tem per a ture. The CTO-20AC model in cludes a Peltier de vice for
sub-am bi ent tem per a ture con trol up to 10 °C be low room tem per a ture. Thus the
CTO-20AC, us ing an elec tronic cooler, can reg u late the tem per a ture in a large range go -
ing from 10 °C be low room tem per a ture to 85 °C. Whether stand-alone or as part of a
Prom i nence HPLC sys tem, the CTO can pro vide us with the pre cise tem per a ture con trol.
Main tain ing a con stant tem per a ture pro vides im proved reproducibility and sep a ra tion
per for mance. El e vated col umn tem per a tures can re duce anal y sis times and re sult in in -
creased sam ple through put. Mo bile phase vis cos ity and thus the sys tem pres sure are also
re duced with in creased tem per a ture, re sult ing in pro longed col umn life times. The col umn
oven can hold up to 10 an a lyt i cal col umns. With all of these items in stalled in the heated
zone, re ten tion time and chro mato graphic reproducibility can be main tained re gard less of
vari a tions in the lab o ra tory en vi ron ment. The spec i fi ca tion of CTO-20AC is in Ta ble 1.

2.6. Au to matic rins ing kit for Prom i nence 20A 
An au to matic rins ing kit is an in cluded stan dard to en sure im proved plunger seal life.

A spe cial coat ing on the nee dle and a low-ad sorp tion valve en sure hardly any car ry over,
even with ba sic or hy dro pho bic com pounds. Also, us ing the op tional multi-rinse mode en -
sures that the op ti mum rins ing method is se lected, even for sam ple con stit u ents that are
dif fi cult to rinse, such as pro teins, a clean anal y sis.

2.7. Achiev ing Auto-Purge with a Prom i nence Sys tem
The Prom i nence sys tem is equipped with auto-purge, a func tion that is nor mally avail -

able only with all-in one HPLC sys tems. This makes it un nec es sary to open or close the
drain valve when, for ex am ple, re plac ing the mo bile phase. Com bin ing this func tion with
the startup and base line-check func tions en ables a fully au to matic anal y sis with a mod u lar 
HPLC sys tem.   
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Ta ble 1. Spec i fi ca tion of CTO-20AC.

Type Forced air circulation

Temperature control range Ambient - from 10 °C to 85 °C

Temperature setting range 4 °C to 85 °C in 1 °C steps

Temperature control precision ±0.1 °C

Ambient temperature range 4 to 35 °C

Interior dimensions 220 mm (W) ´ 95 mm (D) ´ 365 mm (H)

Safety measures User-settable upper temperature limit; thermal fuse equipped 

to prevent overheating; vapor sensor for leak detection

Fan speed Automatically regulated in accordance with temperature.

Time program functions Temperature setting changes; Oven ON/OFF; 320 steps, 

0.1-999.9 minutes; Linear temperature regulation

2.8. Soft ware 
The en tire HPLC sys tem is con trolled us ing the PC soft ware LC so lu tions, ver sion

1.25 SP1 (Shimadzu). LabSolutions soft ware is the uni fied soft ware plat form for all chro -
ma tog ra phy sys tems from Shimadzu. The Win dows-based graph i cal con trol soft ware of -
fers easy un der stand ing of the op er a tions. Ex port ing data to com mer cial spread sheet soft-
ware is ideal for re port gen er a tion.

2.9. UV-VIS ab sorp tion de tec tor SPD-20A
The SPD-20A UV-VIS de tec tor of fers an ex cep tional level of sen si tiv ity and sta bil ity.

Tak ing sen si tiv ity to the limit, the SPD-20A has a noise level of 0.5×10-5 AU max., mak -
ing it the world’s most sen si tive UV-VIS de tec tor. In ad di tion, a tem per a ture-con trolled
flow cell elim i nates in con sis ten cies caused by changes in absorbance due to shifts in room 
tem per a ture. This helps in crease the base line sta bil ity and the anal y sis re li abil ity. Us ing
newly de vel oped sig nal pro cess ing tech nol ogy, the stray-light cor rec tion func tion has
been en hanced, and the lin ear ity has been im proved. This ex panded lin ear ity com bines
with var i ous noise-re duc tion tech nol o gies to pro vide us ers with a wide dy namic range and 
al lows for the anal y sis of your tar get com pound and mi nor im pu ri ties in a sin gle run. This
unit can mon i tor two com po nents in the UV or VIS range si mul ta neously (Dual-Wave -
length Mea sure ment). Cut-off fil ter to elim i nate the sec ond-or der dif frac tion is au to mat i -
cally ac ti vated for 371-700 nm range. The spec i fi ca tion of SPD-20A de tec tor is in Ta ble 2.

2.10. Flu o res cence De tec tor RF-10AXL
The RF-10AXL flu o res cence de tec tor of fers the world-class sen si tiv ity, ex cel lent ease 

of main te nance, and val i da tion sup port func tions. It sup ports a wide range of ap pli ca tions
from con ven tional anal y sis to high-per for mance anal y sis. Uti liz ing a newly de signed op -
ti cal sys tem, the RF-10AXL of fers the world-class lev els of sen si tiv ity. A newly de vel -
oped ra tio sys tem com pen sates for lamp in ten sity fluc tu a tion and pro vides su perb noise
char ac ter is tics. The RF-10AXL fea tures of the en hance ments in clud ing a new re mote
lamp on/off func tion to al low lamp shut down upon run com ple tion, and a new rug ged
flow cell de sign with el e vated back-pres sure tol er ance. The RF-10AXL has a com pact, 
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Ta ble 2. Spec i fi ca tions of SPD-20A de tec tor.

Light source Deuterium (D2) lamp

Wavelength range 190 to 700 nm

Bandwidth, slit width 8 nm

Wavelength accuracy 1 nm max.

Wavelength precision 0.1 nm max

Noise   0.5´10
-5 

AU (un der spe ci fied con di ti ons)

Drift 1´10
-4

 AU/h (under specified conditions)

Linearity 2.5 AU (ASTM standard)

Functions Dual-wavelength detection in the range 190 to 370 nm and upwards 

of 371 nm, ratio-chromatogram output, wavelength scanning

Cell Optical wavelength: 10 mm, capacity: 12 µL, withstand pressure: 12 MPa

Web control Parameter setting, log management, monitor detector output, 

management of consumable parts, etc. 

Buffer memory Refer to CBM-20A

Operating temperature range 4 °C to 35 °C

Ta ble 3. RF-10AXL Spec i fi ca tions.

Light source Xenon lamp, 150 W

Excitation/emission monochromators Concave, blazed holographic grating monochromators, F2.4

Measuring wavelength range 200-650 nm

Spectral bandwidth 15 nm both in the excitation and emission sides

Wavelength accuracy ±2 nm

Wavelength reproducibility ±0.2 nm

Sensitivity The S/N ratio is 300 for the Raman line of distilled water 

(350 nm excitation wavelength and 1.5 sec. time constant)

Detector Photomultiplier

Cell (volume, pressure, material) 12 µL, approx. 20 kg/cm
2
(2MPa) SUS316, Quartz, PTFE, 

as standard (2 µL cell and inert cells are available as option)

Wavelength scanning Possible both for excitation and emission wavelengths

Time programming Wavelengths parameters may be programmed in up to 32 steps

Ambient temperature requirements 4-35 °C

Other Autozero function

mod u lar de sign and it eas ily in te grates with other Shimadzu LC Se ries com po nents via fi -
ber op tic com mu ni ca tion ca bles for “plug-and-play” con ve nience in build ing a cus tom ized
Shimadzu LC sys tem. The RF-10AXL of fers many func tions in clud ing self di ag nos tics,
main te nance in for ma tion (lamp lit hours, lamp en ergy), and span cal i bra tion func tion al ity.
The flu o res cence in ten sity drops as the tem per a ture rises. A fluc tu a tion of about 1 °C near
room tem per a ture may re sult in ap prox i mately 5% in ten sity fluc tu a tions for some com -
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pounds. To pre vent this, the RF-10AXL fea tures a tem per a ture-con trolled cell with a cool -
ing func tion. It main tains a con stant de tec tor cell tem per a ture, even if the room tem per a ture 
fluc tu ates sig nif i cantly, to en sure su perb reproducibility with no drop in sen si tiv ity. With -
out tem per a ture con trol, the peak area value dropped ap prox i mately by 17% due to the in -
crease in cell tem per a ture when the room tem per a ture changed from 25 °C to 30 °C. With
its tem per a ture-con trolled cell, the RF-10AXL is not af fected by such fluc tu a tions in room
tem per a ture. Fast re sponse is re quired to fol low the sharp peaks ob tained by ul tra-fast anal -
y sis. The RF-10AXL per mits ul tra-fast (10 ms), high-sen si tiv ity multi-com po nent anal y sis 
us ing wave length switch ing via a time pro gram (Ta ble 3).
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