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Abstracf] This paper describes a fluidic microchip for acids. In contrast to the excitation and emission
observing the direct fluorescence of tryptophan and other wavelengths for the SYBR green dye, which are in the
amino acids, which are used in studying protein structure and yjsjble portion of the spectrum, these three have absorption
dynamics. Since the excitation wavelengths of these are in the peaks over 250-290 nm and emission peaks over 280-350
250-290 nm ultra-violet range, it is a major challenge to find nm, all in the deep ultra-violet (UV) region The

appropriate light sources that can be integrated onto micro- . . -

toptzl F;malysis systems. This effort demonstrates that characteristics for tryptophan are Sh.own in Fig. 1 [5,6].
illumination from a micro-discharge can be used to observe the (NOte that the wavelength at which this fluorescence peaks
direct fluorescence of tryptophan. The discharge is ignited IS highly sensitive to the microenvironment, and hence it is
across an air gap between an on-chip metal anode and a liquid widely used for studying protein structure and dynamics.) It
cathode made of a saturated solution of lead nitrate. Atomic is noteworthy that the quantum efficiencies of these amino
transitions in Pb atoms that are consequently sputtered into  acids are relatively low. For example, tryptophan, which
the discharge provide the wavelengths necessary to excite tends to dominate in fluorescence over the other two, has a
amino acids. Unwanted wavelengths are rejected by an optical quantum efficiency of only 0.19 when dissolved in water as
filter that separates the micro-discharge from the tryptophan a free amino acid [3]. These characteristics can make it

sample. Measured results include the unfiltered and filtered lativelv chall ina to ob direct i
spectral output of the micro-discharge, as well as that of the relatively challenging to observe direct fluorescence.

resulting tryptophan emission, which has the characteristic 1

- > o
broad peak from 300-450 nm. = 0.8 Excitation
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l. INTRODUCTION 20.4 Emission
o ) ) = spectrum
Fluorescence detection is a widely used technique for £0.2 ~
medical diagnostics and biochemical analysis. The g 0

molecules of interest fluoresc_e at.characterlstlc emission 540 290 340 390 440 490 540
wavelengths when they are illuminated at characteristic Wavelength (nm)
excitation wavelengths, which are shorter (and hence moggy_ 1 Typical excitation and emission spectra of tryptophan show
energetic). that the UV source must operate over 250-290 nm wavelengths,
In one diagnostic approach, a fluorescent dye is used i¢hereas the fluorescence peaks over 330-390 nm [5,6].
chemically label the quantity of interest. For DNA
detection, dyes which intercalate into the double-helix In a typical fluorescence imaging system, the radiation
provide very high sensitivity and make it possible to detecdource is often broad-band, so a low-pass filter is located
attomoles of DNA base-pairs [1]. A contributing factor tobetween the source and the sample to reduce its illumination
high sensitivity is quantum efficiency, which is the ratio ofby the longer wavelengths. In addition, a high-pass filter
the number of photons emitted to those absorbed in thecated between the sample and the detector so as to restrict
excitation wavelengths. For example, SYBR Green | gehe measured signal to the fluorescence wavelengths and
stain is a cyanine dye that has a quantum efficiency of Ofinimize the radiation from the source that might
[2]. When bound to dsDNA it is most efficiently excited byinadvertently leak through.
radiation over 491-503 nm, and has a broad emission In recent years significant research has been devoted to
spectrum over 510-600 nm, with a peak at 522 nm. miniaturization of biochemical instrumentation, leading to
While dyes offer many attractive features, their use isnicro-total analysis systems (also referred to as “lab-on-a-
not always favored or even possible. For example, proteihip”). With respect to fluorescence detectors, the efforts
can be fluorescent even without the presence of a dye, ahdve focused on solid-state sources such as light-emitting
changes in this intrinsic or direct fluorescence can bdiodes (LEDs) and lasers (VCSELs) [7-10]. However,
indicative of structural transformations [3,4]. The intrinsicmaking these sources for deep UV wavelengths and
fluorescence of proteins and peptides is due to the preseringéegrating them with microfluidic systems is a major
of tryptophan, tyrosine or phenylalanine, which are aminghallenge.
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This effort demonstrates an alternative approach whicamino acids. The emission reservoir must be sealed from
not only provides a source of illumination in the 250-29Ghe amino acid because Pland a number of other metal
nm wavelengths, but can be easily integrated with micragens are known to quench fluorescence in tryptophan [4].
total analysis systems because it is a microfluidic device.  Additional constraints are placed on the structural materials

Il DEVICE STRUCTURE AND CALIBRATION with respect to the transmission of these wavelengths.

The device structure is illustrated in Fig. 2. An 400
electrical micro-discharge is ignited across an air gap %3500
between a metal anode and a liquid reservoir containing a S 2500
saturated solution of Pb(NJ which serves as the cathode. IS
The micro-discharge sputters the solution from the cathode 2 1500
into its glow region. Atomic transitions in Pb atoms provide 3 280 nm (Pt)
the wavelengths necessary to excite amino acids. Unwanted & 500

wavelengths are rejected by an optical filter that separates
the micro-discharge from the tryptophan sample. The Wavelength (nm)

”thopha” is Iocat_ed in a reservoir or channel a,s part of Iﬂg. 3: Measured spectrum from lead nitrate with concentration of
mlcro-tqtal anal){SIS system. The over.all footprint Of' thesg/10ml water (saturated solution), showing substantial emission
device is approximately 1 cm 1 cm, with the reservoirs intensity in the 250-290 nm wavelengths.

covering half the area. The assembly is held horizontally
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during operation. The filtered emission from the discharge 100
pulse follows optical path | (Fig. 2), and stimulates 80 E’eak- 293;””‘ @)
fluorescence in the sample reservoir, which is detected along 3 lfv1\-/_|—||€r/|7.go/01
optical path Il. These paths are orthogonal to minimize the E 60 - 9U.2Nm
signal feed-through from the arc to the detector, which is an = 40
Ocean Optics USB 2000™ spectrometer that connects to the %
USB port of a computer. = 20
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Fig. 4: (a) Transmission curve of the filter separating the UV

. ) - - . . source from the tryptophan sample. (b) Measured spectrum of the
Fig. 2. An exploded schematic of the device showing Variots, oreqd emission, showing increased prominence of 250-290 nm

components. The tryptophan sample reservoir can be replaced b}fvgvelengths as compared to the unfiltered emission in Fig. 3
micro-total analysis chip. T

Pb(NO3),
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The spectral emission obtained by a micro-discharge to

aturated Pb(NJ solution is shown in Fig. 3. There is
substantial peak near 280 nm, which is characteristic of
b, and closely matches the excitation peak for tryptophan
. . - . as shown in Fig. 1. However, there are also a number of
ﬁgiggﬁf Olfn V\}cr)];ekir:/gl;s'\?vli?h rLeJ%;mvx?av[élze]ﬁgthiogggser;ngiipther peaks with high relative strength, which should be
: : . uppressed to reduce the likelihood of signal feed-through to
uhique ghalle_nggs. It is necessary no.t only FO find afhe?%letector. As shown in Fig. 2, this ?s done by usir?g a
3\/?; ergsrréztde ulslggled bsu(:uzil(':si ctigf/lél CIJ?J riizlr?; t?)vzg(?c?rlr?m;%f.v%r to separate the discharge source from the amino acid.
y he present version of the device a UV-grade filter with a

used silica substrate (#300-W-1D from Acton Research

The overall architecture of this device is based on ﬂ1e S
fluidic microchip that we have reported for detecting
inorganic contamination in water samples [11], and o
another device (using Baglfor optical fluorescence of bio-

the relatively weak emission strengths in the 250-290 n
range, and the relatively poor quantum efficiencies of th



Corp, Acton, MA) is used. It has peak transmissiorpass through the water and can be clearly seen in the
wavelength of 293.0 nm, and its FWHM is 90.1 nm, with gransmitted spectrum. This confirms that the tryptophan
peak transmittance of 47.8%. The transmissiosample absorbs them. Also, the similarity of the remainder
characteristics of the filter and the resulting spectrum that isf these two spectra suggests that other attenuation is due to
used to excite the tryptophan are shown in Fig. 4. Theater.
undesired wavelengths from the lead nitrate are substantially The fluorescence spectrum was observed by placing
attenuated. The remaining large peaks (such as those ndax fiber along optical path Il, transverse to the excitation
368 nm and 405 nm) can be cancelled by a simpleath to remove the interfering background radiation. Figure
calibration in which the spectrum of a control sample o6 shows the observed output from a tryptophan sample, with
water is subtracted from the spectrum of the tryptophaevidence of the characteristic broad peak between 300 nm
dissolved in water, as will be demonstrated in the nexand 450 nm. A control experiment with water in place of
section. tryptophan provides the spectrum shown in Fig. 7, with no
evidence of the characteristic broad peak of tryptophan. The
lll. EXPERIMENTAL RESULTS peaks near 368 and 405 nm are from spikes of high relative
A number of measurements were performed usingtensity in the lead nitrate spectrum which are not
commercially available tryptophan, which was dissolved irsufficiently attenuated by the filter and are coupled from
DI water at room temperature to prepare a saturated solutioptical path | to Il. The curves in Figures 6 and 7 were both
[13]. In all the measurements presented, the backgroumdbtained by integrating the spectrum for 10 sec. and further
radiation in the room was measured immediately beforaveraging along the wavelength axis over £15 points from

each experiment and subtracted out of the results. each data point, using a triangular weighting.
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Fig. 5: (a) Light transmitted through tryptophan shows that the

peaks near 280 nm have been absorbed; (b) These wavelengths are

0 " . .
transmitted through the control sample of water. 250 300 350 400 450

Wavelength (nm)

. . . . Fig. 7: Spectrum measured with a DI water control sample in a
The absorption of the UV light was studied by placin anner analogous to Fig. 6, shows the absence of the broad peak

the optical fiber on the same axis as the incident light SOUr¢Rnveen 325 nm and 425 nm.

(i.e. along optical path I). Figure 5(a) shows the light

spectrum after it passes through a 2.5 mm deep sample of A simple calibration method in which the spectrum of
tryptophan solution. Comparing with the excitationthe water sample is subtracted from that obtained with the
spectrum, we can see that tryptophan absorbs the lines in #gptophan sample can be used to make the fluorescence
280nm range. To verify this result, a control experimengmission clearer. However, before doing this, the data in
was done by placing water instead of tryptophan in theijgs. 6 and 7 are scaled so that the base-to-peak amplitude at
sample chamber. Figure 5(b) shows that the 280 nm lin@®95 nm are of equal magnitude. It is noteworthy that this



calibration at 405 nm also removes the spurious peak at 3
nm.

Figure 8 shows the observed tryptophan spectrum aft?\rati
the signal processing, superimposed with the referenc
The characteristic broad

tryptophan spectrum from [6].
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peak of tryptophan fluorescence is clear. This establishes

that the microdischarge UV source can be used to excite t
UV fluorescence.
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Fig. 8: The net output from the tryptophan sample, obtained
subtracting the curve of Fig. 7 from that of Fig. 6. The referenc
emission curve of tryptophan [6] has been superimposed.

[V. CONCLUSION

It has been experimentally demonstrated that spectral
emission from electrical micro-discharges can be used to
fluoresce amino acids with excitation wavelengths in the
deep UV range. The discharges are generated in air, between
a metal anode and a liquid cathode, both of which are on-
chip. The characteristic fluorescence of tryptophan in a
solution of water can be clearly observed using a lead nitrate
solution as the source of 280 nm radiation used for the optical
excitation of the sample. Since the quantum efficiency of
tryptophan fluorescence is about three-fold to four-fold
higher in dimethyl sulfoxide (either as free amino acid or
when incorporated into a polypeptide chain), it is expected
that this method can be used in a variety of tests.
Additionally, since the emission stems from characteristic
spectra of ions in the liquid cathode, it can be tuned with
various species and replenished as needed using a
microfluidic system that is disparate from micro-total
analysis system that it is serving. Deep UV radiation which
is difficult to generate from any other miniature source, can
be easily generated using simple chemicals in this manner.
The microfluidic nature of the emission source also makes it
easier to integrate with the micro-total analysis system, and
tightly couple the optical emission.
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