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HoBble TBepAOTE/IbHbIE /1azepbl C AUOLHOMN
Hakauykomn (Diode-Pumped Solid-State — DPSS),
n3inyyarouime Ha gJMHe BOJIHbl 515 HM, 3anonHSI0T
cepbesHbli Npo6en B IMHENKEe KOMNAaKTHbIX
NOJIHOCTbIO TBEpA,0TebHbIX 1a3epos (MTJ1). Hoeas
TexHosiorms npexpe Bcero 6yaert BoctpeboBaHa

B 6uosiornm, Hanpumep, Npu Uccaef0BaHUN XKUBbIX
KNeToK, B UCNO/Ib30BaHUU KOHOKanbHoM, FRET
(dnroopecueHTHbIN pe3oHaHCHbI NepeHoC SHEPrun)-,
FRAP (BoccTaHoBneHUe ¢poopecLeHLum nocie
doToBbKUraHMs)- n TIRF (NosiHas BHYTpeHHsAs
MUKpocKonusa ¢paropecueHLMn)-MUKpockonum,

a TaKkXe NpoTOYHOW LLUTOMETPUMN.
B BO30y>KIeHHSI B OHMOAHAIUTHYECKOM H3Me-
PUTeNBHON TeXHHKe BMeCTO Ta30BBIX jase-
poB Bce 4Yamie ucmonb3ywTca IITI. Ilo cpaBHeHHIO
C ra3’oBBIMHU Jj1a3epaMu DPSS-masepsl KOMIIAKTHBI,
XapaKTepU3yIOTCI HU3KHUM TeIlJIOBBIJeIeHUEeM,
oTpebIsIIoT MeHbIIe MOLIHOCTH, NPH HX pabore
OTCYTCTBYIOT BUOPALIMHU HJIHM IIyM, OHH 00IamaroT
BBICOKOM CTabHJIPHOCTBIO JIA3€PHOI0 H3JIy4YeHHS,
a Takke OOMBIIMM BpeMeHeM KM3HU. Ha maHHBIN
MOMEHT [OOCTYIIHBI Jla3epHBble [HOAbI, H3JIydalo-
mue B Y®-, temMHo-cuHen (375, 405, 445, 488 HM),
a TaksKe B KpacHoH U UK (635, 780, 830 HM)-0b61acTsIx
CIIeKTpa.

OoHaKoO IIOKAa He CYIIeCTBYeT JIa3epHBIX AHOJOB,
M3y4aIoONIUX B >KEJITO-3eJIeHOM [Halla3oHe BUOU-
MOM 06/1aCTH CIIeKTpa, HO COOTBETCTBYIOIIHE pa3pa-
60TKH y>ke Ha4aT/IHUCh (HanpuMep, [1,2]). [TosToMy Ha
JAHHBIM MOMEHT [IJIsI [10JIyYeHHU sl JIa3epPHOro U3JIy4e-

HHS B 3TOM [JHAIIa30HEe HCII0Nb3yITCs DPSS-1asepsl,
pa60Ta10mHe Ha THIIOBBIX OJIMHaX BoJaH - 488, 532

IIocjaegHHe Troabl B KadeCTBe HCTOYHHKOB
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FLUORESCENCE MICROSCOPY
OF LIVING CELLS

USING NEW

515-nm DPSS-LASERS"
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A novel diode-pumped solid-state (DPSS) laser
emitting at 515 nm is closing an important gap in
the area of compact all solid-state lasers. Especially
biological applications such as live cell imaging
using confocal microscopy, FRET, FRAP and TIRF
microscopy as well as flow cytometry are benefiting
from this new technology. The use of solid-state
lasers as excitation sources in bioanalytical
instrumentation technology, as alternatives to gas
lasers, has grown increasingly popular over the last
few years. They bring a multitude of advantages

in comparison to gas lasers, such as compact size,
less heat generation and power consumption, no
vibration or noise, high beam stability and longer
lifetime. Diode lasers are available in the UV and
deep-blue (e.g. 375, 405, 445, 488 nm) as well as in

theinred/IR (e.g. 635, 780 and 830 nm).

n the green-yellow spectral range of visible light
I there are currently no laser diodes available as
yet, although suitable semiconductors with an
adequateband gapareinanearly stage of development
(e.g. [1, 2]). Therefore, this spectral range is currently
covered by DPSS lasers, with typical laser lines of 488,
532 and 561 nm. Until now there was one important
gap, however, around 515 nm; a wavelength around
which many fluorochromes (fluorescent markers or
“tags” attaching to the microscopic objects to be
studied) can be excited (figure 1). Due to the lack of
alternatives, and despite all the disadvantages that
an ion laser system brings with it, argon and argon-
krypton lasers have been used to fill this gap.

We describe below the technical background and

applications for an innovative DPSS laser, which with
its 515 nm emission now can replace the argon laser.

* ITepeBox - M. IIpu1bHEB, ABUMYT-®OTOHHKC.
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U 561 HM. OOHAKO [0 HACTOAINEr0 BpeMeHH He CyIle-
CTBOBAJIO J1a3epa, H3/Iy4Yalollero Ha [JHHEe BOJIHBI
~515 HM; Ha 3TOM BOJIHe MOTYT OBITb BO3OY KAEHBI
MHorue ¢noopodoprl (pparMeHTbl MOJIEKYI, IIPU-
nampmye UM QIOOpecieHTHble CBOMCTBA, pHC.l).
H3-3a OTCYTCTBMS ajbTepHATHUB paHee MCIIOIb30Ba-
JINCh aprOHOBBIM W apPrOHO-KPHUIITOHOBBIM JI1a3epsl,
HEeCMOTPS Ha BCe IIPUCYIHe UM HeJOCTaTKH MOHHBIX
na3epoB. Jlajee pacCMOTPUM TeXHHYeCKOe OIIMCa-
HHe U [IPHMeHeHUS MHHOBAIIMOHHOTO DPSS-1asepa,
KOTOPBIM, paboTasi Ha [AKMHe BOIHHL 515 HM, CIIOCO-
OeH 3aMeHUTb aPTOHOBBIL JIa3ep.

TEXHUYECKM KOHUENT

TUnHMYHbIe HIHUPOKOALEPTYPHbIE ja3epHble MO bI
C TOPLEBBIM HM3JIy4eHHeM IIPUMEHSIT B Kaue-
CTBe MCTOYHHKOB HaKayKH B HOBBIX DPSS-;masepax.
AKTHBHas cpega B TaKOM Jjia3epe IIpeACTaBIsgeT
cobor yerupoBaHHBIM HTTepbuem (Yb) ynasepHBIN
KPUCTAJJI, M3JIy4aOIMH Ha JJIKHe BOJHBI 1030
HM. YacToTa yaBaMBaeTCs C IIOMOIIbIO 3PPEeKTUB-
HOTO BHYTPHUPE30HATOPHOIO YaCTOTHOIO IIpeob-
pasoBaHMSA [3] B KpHCTa/ljle KaJHUH-TUTaHUI-$OC-
daTa c perynasapHoi JOMeHHOI CTPYKTypoH (puc.2).
CriekTpasnbHble QUJIBTPBI II03BONSIIOT J1azepy pabo-
TaTh B pesKkMMe OFHOM IIPOLOJIBHOM MOZABI (IIHMPUHA
[I0JIOCKI YaCTOT MeHee 1 MITII), 4To obeclieyuBaeT
OueHb HMU3KHH YPOBEHb IIyMa M CTabUIBHOCTBH
BBIXOJJHOM MOIIHOCTH B IIMPOKOM TeMIIepaTypPHOM
nuamnasoHe (puc.3). Mcmonp3oBaHHe BOTHYTOTO 3ep-
Kaja II03BOJISET IIOJYYUTh JIa3epHOe IISITHO C BBICO-
KHM KadeCTBOM IIONePedHOM CTPYKTYPbl IPH BCeX
BBIXOJHBIX MOLIHOCTSX. JIa3epHBIM pe30HATOP
3aK/IOYeH B MaJleHbKHMH TepPMeTHYHO 3aKPBITBIH
6/10K, KOTOPBII obecreunBaeT BBICOKYIO CTOMKOCTH
K BUOpalMsaM, yaapaM, H3MeHeHHUsIM TeMIlepaTypbl
U BJIAKHOCTH OKpPY>KalolleH cpefbl. Takas KOHIeI-
LM Jla3epa II03BOJISeT KOHCTPYHPOBATh Jla3ephl
C Pa3IMYHOM BBIXOZHOHM MOIIHOCTbIO. IIoMHMO
HM3Ha4yaabHO paspaboraHHOro 25-MBT na3zepa Ha
JaHHBIM MOMEHT CTaJMd OOCTYIHBI 50-MBT nma3epsl
s 6oee MOILIHBIX anJm)KeHHfI, TaKuX Kak FRAP
(BoccTaHOB/IeHHe (IOOpecleHIuHN Iocie obecl-
BeUMBAHUS), BBICOKOCKOPOCTHAS COPTUPOBKA Kile-
TOK, IIJIAIIeYHBIN aHa/IHU3 U KOHPOKaIbHAasI MHKPO-
CKOIIMSI Ha OCHOBe Bpalllalpolierocs AHUcKa (ZHCKa
Hunxkosa).

MPUNOXXEHUSA

B mocnenHee BpeMsi BO BCeM HOBOM U OOHOBse-
MoM 6HOaHATUTHUYEeCKOM OOOpYIOBAHUHU Jla3epHble
nuonbl v DPSS-masepsl OoKa3alucCh boee IIpeaIIo-
YTHTE/IbHEI, YeM ra30BBle Jia3epbl. ITO KOCHYJIOChH
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Puc.1. Cnexmpbl 8036y>kdeHus (NYHKMUpPHble AUHUU)

U paroopecueHuUU (CNAOLWHbBIE AUHUL) PACNPOCMPAHEHHbIX
AA3epHbIX 26HEPAMOPOB U3AY4eHUS Ha KpacumeAsix, Komopble
Mo2ym bbimb 8036Y>K0€Hbl AA3epHbIM U3AY4eHUem C OAUHOL
80AHbI A=515 HM

Fig. 1. Excitation (dotted) and fluorescence spectra (solid
lines) of popular fluorescent dyes that can be efficiently excited
with a 515 nm laser

TECHNICAL CONCEPT

Standard broad-striped edge-emitting laser diodes
are used as pump sources for the new DPSS laser. The
gain medium is an Yb-doped laser crystal emitting
at 1030 nm. The emission is coupled into a second
crystal within the resonator (figure 2) made from
periodically poled potassium titanyl phosphate
(PPKTP) for efficient intracavity frequency conversion
[3]. Spectral filters make the laser operate in a single
longitudinal mode (<1 MHz bandwidth), which results
in very low noise and stable output power over a wide
temperature range (figure 3).

Yb-nasepHbin

Kpuctann >
Anopn Hakaykm Yb laser BbIxogHOE n3nyveHme
Pump diode crystal (A=515 Hm)
515 nm output
N\
KKT®
PPKTP
|

Puc.2. MNpuHuunuanbHas cxema DPSS-nazepa Cobolt
Fandango (A=>515 Hm) (KKT®-Kpucmana Kaauli-mumanua-
docama c pezysipHoli domeHHOL cmpykmypoli)

Fig. 2. Schematic setup of the 515 nm DPSS laser Cobolt
Fandango
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TaKHX MeTOMO0B, KaK IIPOTOYHas HUTOMeTpHusd, JHK-
CeKBeHHPOBaHHE; METOLO0B MUKPOCKOIIMU — KOH)O-
Ka/IbHOM JIa3epHOM CKaHHUPYIOIeHn MHKPOCKOIIHH,
MUKPOCKOIIMH II0THOM BHYTpPeHHeM ¢ioopeclieH-
nuu (TIRF) u cbmoopecueHTHoﬁ I<oppe1151u1/10HH0171
criektpockonuus (FCS). Ilornomarmue MUKK MHO-
rux GaroopecHUpYIOIIHUX KpacuTened ¢uroopodo-
POB PacCIIONIOKeHBI 6/113K0 K pabouer AIHHE BOJIHBI
AproH-MOHHOro sasepa (puc.l). B ux psaay - HNHUKHU
TaKHUX aHTUTeJ, Kak Alexa Fluor 514 u Oregon Creen
514, UK >KeJITOro ¢GIKOPeCleHTHOro 6enka eYFP,
dnroopecrieHTHEIe 6e/1KOBBIe THOPUAHBIE 6eTKH, KaK
Hanpumep Premo Cameleon, a Takke MHUKHU, CBA3aH-
Hble ¢ GepcTepoBCKUM IepeHocoM 3Hepruu (FRET)
Meskay rony6siM(CFP) u skenTeIM(YFP) droopectieHT-
HBIMH benkaMu. B 3ToM ke guama3oHe PacIiono-
SKeHbl MUKW OPYTHUX Ba>KHBIX BelIeCTB, B YaCTHO-
CTHU IIHMKH IHorjoleHus 6-JOE, MCIoIb3yeMoro mjis
aBToMartuveckoro JJHK-cekBeHHpoOBaHHA. Pamgom -
UK, 6IM3KUH K JuHe BonHbL SYBR Safe-kpacutens
(A=515 HM). DTO BelleCTBO CIIOCOOHO 3aMeHUTh
TOKCHUYHBIN OpoMucTBIN 3TUAuM (EtBr) B 3amadax
Busyanusanuu JHK. CiemoM 3a HUMH HJET IIHK
FIAsH - MaJOMHBa3WBHOM TeTPAI[MCTeHMHOBOM Oes-
KOBOHM OUpKHU, GENTKOBBIL MOCTHK KOTOPOH COZEp-
SKUT BCEero OOUH IEeNTH[, COCTOSIIUH H3 IIeCTH
AMMUHOKHMCJIOT.

Ons HabnmomeHUs BceX IlepeYHC/IeHHBIX
BeleCTB TpebyeTcs nasep, paboTaromum Ha AIHHe
BOJIHBI ~514,5 HM. M TIpOU3BOOHUTENN COOTBET-
CTByOIIero obopymoBaHHUS BBIHYKIEHBI CHabkaThb
CBOM aHAJIUTHYeCKHe YCTPOMCTBA IPOMO3AKHMHU
ApPrOH-MOHHBIMHU JIa3epaMM, YacTO BbIHECEHHBLIMU
B OTHe/JIbHBIe OJIOKHM U COeIMHEeHHBble C OCHOBHOH
YCTAHOBKOM IIOCPeACTBOM OIITOBOJIOKOH. XOTS,
HEeCOMHEHHO, BCe OCTaJbHBle BO36ykIaroImue
Na3epHble TUHUHU MOTYT OBITH ITOJyYeHBI C IIOMO-
b0 KOMIIAKTHBIX TBEPAOTe/]bHBIX JI1a3€pPOB, MHTe-
TPUPOBAHHBIX B KOPIIYC KH3MEPHUTEIBbHOro 0b60py-
moBaHUs. HoBeir 515-HM nasep Cobolt Fandango
criocobeH pemuTh 3Ty Impobnemy. Huske MBI Ipen-
CTaBUM CBeXHe 3KCIepHMEeHTAaJbHBEIe Pe3yJIbTaThl
1o HabIIeHUIO 32 KUBBIMU KJIETKAMH, IIOTy4YeH-
Hble B MHCTHUTYTe MOJIEKYISIPHON KIeTOYHOM 61010~
ruu CaapiaHAcKoro yHuBepcurera (fepMaHus) Npu
IOMOIIY KOHPOKATBHON MUKPOCKOIIMU C HCIIOIb30-
BaHHKeM 3TOro jasepa.

BU3YAJIN3ALUSA XXNBbIX KJIETOK

B HoBeMImHX OHMOMEIUIIMHCKHUX HCCAEJOBAHUSIX
pacTeT MHTepeC K BbICOKOpa3pellalollell ¢roopec-
LleHTHOM MHKPOCKOIHH, HCIONb3yeMOH O/ H3Yy-
YeHMS JKHUBBIX KJIETOK. JTOT MeTOf, IPHUMEHSIOT
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Fig. 3. Long-term output power stability and intensity noise
(measured over 60 h)

The use of a separate curved cavity mirror ensures
a very high transversal mode quality (TEM,,) in the
output beam at all output power levels. The laser
cavity is enclosed in a small and robust hermetically
sealed package, which provides a very high degree
of resistance to varying ambient temperature and
humidity conditions as well as to mechanical shocks
and vibrations.

The laser concept is inherently power scalable.
Initially introduced as a 25 mW laser, a 50 mW model
is available in the meantime in order to support
more power demanding applications such as FRAP
(fluorescence recovery after photobleaching), high-
speed cell sorting, plate reading, and high-speed
spinning disc confocal microscopy (cf. section 3).

APPLICATIONS

In recent years, diode lasers and diode pumped solid-
state lasers have become the first choice in nearly
every new or updated bioanalytical instrument in
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Fig. 4. A: Scanning principle of popular multibeam confocal microscopes with Nipkow disk. B: setup of a tandem disk that
consists of aligned microlens-and pinhole-disks. The light path across the tandem disk is also indicated
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Puc.5. TpexmepHas mopgponozusi op2aHenibl >KUsbIX KAemok
COS-1, noayveHHas ¢ ucnoAb308aHuem GAOPeCUEHMH020
benka eYFP, 88edeHH020 8 MUMOXOHAPUIO: a) = KOHPOKAAbHOE
ceveHue 2pynnbl U3 Yembipex KAemok ( KpacHble moyeyHble
AUHUU U306paxkatom 2paHulbl KAemok; 20nybbie moye4Hble
08aAbl NOKA3bIBAIOM NOAOXKEHUSI 510ep KAemoK; GAaopec-
UeHUUs MUmoxoHOpuil NokasaHa ommeHKamu cepozo);

6) - mpexmepHoe KOMNbtomepHoe U306paxkeHue, NocmMpo-
eHHoe Ha ocHosaHuu 30 nAOCKUX u306paskeHuUll ceveHud,
¢pazmeHmbl KOMopbIx NpedcmaeneHbl Ha 8) U 2)

Fig. 5. 3D-organelle morphology of living COS-1 cells using the
yellow fluorescent protein eYFP expressed in the mitochondria.
A shows a confocal section through a group of four cells.

The ret dotted lines mark the cell boundary, the blue dotted
ovals represent the position of the cell nucleus. Fluorescence
from the mitochondria is depicted in shades of grey. The
3-dimensional image in B was computed from 30 such
sections, with details shown in Cand D

KaK JIJISI CTPYKTYPHBIX B MOPPOIOTMYeCKHUX HCCTIe-
NOBAaHHM, TaK M [JsI HU3y4YeHHUS JUHAMHUYECKHUX
IIPOLIeCCOB, BIIJIOTDH [0 BHU3yaaH3aIUU OHOXHUMHUYe-
CKHUX peaKIMH. HeKkoTopele M3 3THUX peaKLHH, 0CO-
6eHHO Te, YTO MPOTEKAIOT B MO3re U B CepHeUHbIX
MBIIILIAX, HACTOIBKO OBICTPOTEYHBI, UTO Tpeby-
eMas 4acToTa KaJpoB AOCTHUTaeT COTHU H306pa-
JKEHUM B CeKyHAy. TpagHUIIMOHHBIE MEeTOJbl KOH-
$OKaTPHOM MHKPOCKONHM OOBIUHO He CIOCOOHEI
obecriednTh TAKHE CKOPOCTH CheMOK. [103TOMYy A5
3THX LleJIel HCII0Ab3YIOT MHOIOBOJIHOBbIE METOZbI
(korza ogHOBpPeMEHHO MHOXEeCTBO I1apaJljieIbHbIX
Ja3epHBIX JIy4eH IIONAafaioT Ha ILeb), a TaKXe
KOHQOKATBHYI MHKPOCKOIIHMIO IeleBOM Ppas-
BepTKHU. Ha HAaHHBIA MOMEHT [JIsi TaKHX HCCIIe-
noBaHUMN Haubosree momylspHBIMH Y mpubo-
POCTpOUTENIEeN SBISIOTCS YCTPOMCTBA Ha OCHOBE
TAaHZEeMHOTO0 CKaHepa C HCIONIb30BAaHHEM JHCKA
HunkoBa (puc.4). O6bpluHO B TaKuX Hpubopax
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which gas lasers had previously been used. These
affected applications include flow cytometry, DNA
sequencing and microscopy techniques such as
confocal laser scanning microscopy, total internal
reflection fluorescence (TIRF) microscopy or
fluorescence correlation spectroscopy (FCS).

Many fluorescent dyes and fluorophores have their
absorption maxima around the 514.5 nm argon-ion
laser line (figure 1). These include e.g. anti-body
markers like Alexa Fluor 514 and Oregon Green 514,
the yellow fluorescent protein eYFP, fluorescent
protein-based fusion proteins such as the calcium
indicator Premo Cameleon as well as one of the many
constructs that are based upon Forster resonance
energy transfer (FRET, also fluorescence resonance
energy transfer) between the cyano fluorescence
protein (CFP) and the yellow fluorescence protein (YEP).
Further markers with absorption maximum close to
515 nm are e.g. SYBR Safe, a substance, which can
replace the toxic ethidium bromide (EtBr) for DNA gel
staining, 6-JOE, used in automated DNA sequencing,
or FIAsH, a minimally invasive tetracystein-based
protein tag, the protein linker of which consists of
just one peptide made from six amino acids.

For such applications, requiring a laser excitation
line around 514.5 nm, system suppliers have had to
add a bulky argon-ion laser to their equipment, often
in a separate external box and coupled through an
optical fibre, even when all other laser lines could be
reached using small solid-state lasers integrated into
a desktop instrument. The 515 nm Cobolt Fandango is
now a solution to this problem. From recent tests of
its function at the Institute for Molecular Cell Biology
at Saarland University, we describe here some of the
applications in confocal live cell imaging.

LIVE CELL IMAGING
In modern biomedical research, high-resolution
fluorescence microscopy for the study of living cells
plays an increasingly important role. This accounts
for structural and morphological investigations as
well as for dynamical processes all the way to the
visualization of biochemical reactions. Several of
these signal processes, especially in the brain and in
heart muscles are so fast that a frame rate of several
hundred images per second is necessary.
Conventional confocal microscopes are usually
not able to reach such imaging speeds and thus
multi-beam approaches, in which many parallel
laser beams are used simultaneously, as well as slit-
scanning confocal microscopes have become more
and more common in the last few years. Currently,
the most popular instruments are based on the
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HCIIONB3yeTCss CKAaHUPYyIoInash rojaoBKa, paspabo-
TaHHas Kopropanuen Yokogawa. [IpyTHMHU IIpUMe-
pPaMu peajiM3allMid MHOILOJIYYeBBIX METOLOB SIBJIS-
I0TCS KOHPOKAJIPHBI MHKPOCKOII Pa3BepPTKHU II0/IS
(Nikon, Japan) u Kilobeam Array Scanner (VisiTech,
UK). Tak KakK B TaKHX IpHOOpax Ta3epHBIH IYYOK
pacimensieTcd Ha HECKOJbKO Jy4el, BBIXOLHASI
MOIIHOCTh jIa3epa [OOJ/I’KHA COCTABJIAThL He MeHee
20 MBT. [Insa ucnsiTaHus nasepa Cobolt Fandango
515 HM HHCTPYMeHT ObI HeIlOCpPeACTBEHHO YCTa-
HOBJIeH B MHOTO/JIy4eBOM KOHQOKaJIbHBIK MHKPO-
ckon VT-infinity (VisiTech, UK), HacTpoeHHBIH OJ15
HabIOOeHU 33 SKUBBIMH KlIeTKaMu. Ha puc.5 uso-
OpaskeHa MUTOXOHJPHAJbHAS CHCTEMA B KYJIbType
KJIeTOK Io4yek adpHKAHCKOH 3e/IeHOM MapTBIIIKH
(COS-1). dro0pecleHII s UCXOOUT OT KeJITOr0 QIIIo-
opecueHTHOro 6enka eYFP, KOTOpPBIM OBIT BKIIIO-
YeH B MHUTOXOHIPHAJIbHYIO II0CIeL0BATEIbHOCTD
M3 ILMTOXPOM C-OKCHJIa3, a II03TOMY IIO3BOJSET
M3y4aTh MCKIIYUTENBHO TOJBKO MHTOXOHIPHUIO.
IToHsATHO (CM. pHUC.5), YTO MUTOXOHJPHUS, BOIIPeKU
pacrpocTpaHeHHBIM HMJIIIOCTPALIUSIM B yueOHHUKAX,
He BCerfa AHIeBHAHA, a MOKeT IPUHHUMATD CJIOXK-
HbIe QOPMHEI.

B KkauecTBe mpyroro npumepa (pruc.6) IokasaHo
JUHaMHUYeCKoe IlepeMelleHe IIpoTenHKUHa3k Ca
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sy
......
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e BbiCOKas HafleXHOCTb °
e BecSr
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so-called Tandem-Nipkow-Scanner, see figure 4, the
scan head being manufactured by Yokogawa Inc. and
implemented by a number of different companies.
Other examples of multi-beam scanners are the
“Swept-Field” confocal microscope (Nikon, Japan) and
the “Kilobeam Array Scanner” (VisiTech, UK). As the
output beam from the laser in these instruments is
split into several beams, a laser output power level of
at least 20 mW is required.

To test the Cobolt Fandango 515 nm laser in
fluorescence microscopy, the laser was directly coupled
into a VT-Infinity (VisiTech, UK) multi-beam confocal
microscope set up for live cell imaging. Figure 5 shows
images of the mitochondrial network in cells from a
kidney cell line of the African green monkey (COS-1).
The fluorescence comes from the yellow fluorescent
protein eYFP, which was fused to the mitochondrial
specific sequence from the subunit VII of the
cytochrom C oxidase, and thus exclusively expressed
in the mitochondria. From the 3D reconstruction
details, it is obvious that the mitochondria - contrary
to the typical textbook illustrations - are not always
egg-shaped, but that they can have many different
and highly complex, shapes.

In another example a dynamic translocation of
the signal molecule protein kinase C!, again coupled
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(McciieJOBaHHOE C IIOMOIIBIO COeUHEeHU S ee ¢ eYFP)
Iociie BBeeHUS afieHo3uHTpuocdaTa (ATD). 3xech
TaK>Ke MaTePHHCKHMHU KJIeTKaMH, COOepKalllUMU
KOMIIJIeEKCHBIN 6enok, cayxkunu COS-1 KIeTKH.
HHuTeprperaliisi XU aKTYJAbHOCTH 3TOTO IIpoliecca
BBIXOJUT 33 PAMKH AAHHOH CTaTbU ([JOIIOTHHUTENb"
Hasgs uHPopMalLMs MoXKeT ObITh HAH[OeHA, HAMNPH-
mep, B [4,5]). Tem He MeHee, U3 IPUBEJEHHBIX
IIPUMEPOB SICHO, 4YTO OHHaMH4YeCKHe IIPOLleCChl
B JKMBBIX KJIeTKaX TeIlepb MOIYT OBITH YCIIELIHO
MCCIeOBaHbl C IIOMOIIBIO allllapaTyphl C IIPUMeHe-
HueM DPSS-masepoB, MOAXOAAIIMX OJIs HCC/IeLoBa-
HUH c moMoInpio eYFP.

MEPCMEKTUBDI

B KauecTBe 0o0jee IepCIeKTHUBHOIO IIpPUMeHe-
Husi DPSS-n1a3epa (o CpaBHEHUIO C IIpefCTaB/IeH-
HBIMM I[IPHMMEepPaMH IOAKPAIIMBAHHUS C IIOMOIIBIO
YFP), MOXHO IIpOBeCTH KOJIHWYeCTBeHHBIN aHaIH3
C HCIIONb30BAaHMEM Haubosee PacIIPOCTPAHEHHOIO
Ha CEerofHSIIHUN JeHb ronyboro ¢GiroopecleHTHOIo
6enka CFP. DTo aKTyaJIbHO AJISI BHYTPHMOJIEKYISp-
HOM FRET-MHKPOCKOIIMHK C MCIIO/JIb30BAaHHMEM HHIH-
Kartopa Cameleon (Hanmpumep, Premo-Camilion, cm.
puc.l) MK KKMHa3, a TakKe OJI8 MeXKMOJIeKY/IsIpHON
FRET-MUKPOCKOIIMM [JIs OeTeKTUPOBAHUS pelier-
TOPHBIX CBSI3eM K JPYyTHUX  MOJIEKY/ISIPHBIX
B3aMMOJIeHCTBUH.
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Puc.6. luHamuka 6eaka 8 >xugbix knemkax COS-1, mpaHc-
UGUUUPOBAHHBIX C NOMOWLbIO 2UuBPUOH020 beAKa U3 npome-
UHKUHa3bl Ca, coeduHeHHoLl ¢ eYFP (kpusble NoKa3bieaom
8peMeHHble 3a8UCUMOCMU UHMEeHCUBHOCMU c8e4eHUs 8 08yX
NUKAX, OMMeYeHHbIX KPACHbIM U CUHUM Li8emom Ha puc.1).
Mpu cmumyasyuu ¢ nomotbto 100 MkM AT® (cepas kpugas),
MOXXHO HabAAAamb KonebameAnbHoe nepemelL,eHue KoM=
NAeKCHO20 6eAka u3 LUmo30Asl N0 HANPABAeHUI K KAemo4Hou
membpaHe

Fig. 6. Protein dynamics in living COS-1 cells, transfected with
a fusion protein from the protein kinase C! coupled to eYFP.
The curves indicate the temporal evolution of fluorescence
intensity within the two regions, marked red and blue in the
fig.1. During stimulation with 100 uM ATP (grey bar), an
oscillating translocation of the fusion protein from the cytosol
towards the plasma membrane can be seen

to eYFP, after a physiological stimulus with ATP, is
shown (figure 6). Also here the host cells, expressing
the fusion protein, were COS-1 cells. The interpretation
and relevance of this process go beyond the scope of
this article (for more information see e.g. [4, 5]). It
is nonetheless clear from this demonstration, that
dynamic processes in living cells can now successfully
be analyzed in systems using a DPSS laser optimised
for eYFP.

OUTLOOK

Far more important applications for this laser (than
these examples using single staining of YFP) will be
for quantitative parameter determination, using the
to date widespread constructs with cyan fluorescent
protein CFP. This is relevant for intra-molecular
FRET microscopy e.g. with "Cameleons” (such as
Premo cameleon, cf. figure 1) or kinase sensors, inter-
molecular FRET for the detection of receptor bindings
or other molecular interactions. [
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