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SUMMARY 

I. Contrary to previous reports in the literature, tyrosine in strongly alkaline 
solution (o.x2 N NaOH in our e~eriments)  was found to have a measurable fluo- 
rescence, and determinations of the relative quantum yield of this species are 
presented. 

2. I t  was found that  tyrosine and two proteins exhibiting tyrosine fluorescence, 
insulin and RNAase, show a shift in the peak cf their fluorescence spectra from 
315 mp in neutral HzO to 345 mp in o.x2 N NaOH. 

3. Under neutral conditions the quantum yield of tyrosine incorporated in a 
protein is diminished when compared with that  of free tyrosine in solution. This is 
not the case in o.I2 N NaOH, suggesting the presence under neutral conditions of 
a "structural quenching effect" not present under alkaline conditions. 

INTRODUCTION 

Previous reports in the literature have usually described alkaline t~Tosine as a non- 
fluorescent species ~,s. One published fluorescence spectrum of alkaline tyrosine in- 
dilated a peak near 4o0 mp (see ref. 3). Observations which we have made indicate 
that tyrosine in alkaline solution, thot~h far less fi~;~:,r'~.~cent than it, ~,,~..tt" .-,• ' ~olutior, 
has an easily measurable fluorescence occurring m the near ultraviolet ~egion, at  
approx. 345 rap. In order to characterize this fluorescence, we have recorded the 
fluorescence spectrum and calculated the quantum yield of tyrosine under strongly 
alkaline conditions (o.x2 N NaOH). We have also recorded the fluorescence spectra 
and made oreliminaFy measurements under similar condltmns oi pH oi the quantum 
yields of two proteins exhibiting tyrosine fluorescence, insulin and RNAase. 

MATERIA/.S ~.:v, ME'rlIoDs 

We have used commercially available m..tyrosr~e {Fisher Scientific Co.), as received 
and also after two recr~mllizatious by precipitat/ou from an alkal/ne solution ti trated 

" U.S. Public ~ Service Trainee under U.S. Pubtic Jtesdth Service Trainin 8 C, aant 
No. zGmL 
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to neutrality with dilute HCI. Salts were carefully removed by wa.~hing the precipitate 
with 4 portions of double-distiUed water of zo-2o times the vohime of the precipitate. 
RNAas~ crystallized i,'om ethanol was purchased from Worthington Biochemical Co. 
The insulin used included a highly pmified zinc-free preparation kindly provided 
by  Dr. M. SIMPSON and also a commercially available cD'stalline zinc insulin supplied 
as Iletin by  Eli Lilly Co. 

For fluorescence measurements we have used an Aminco-Bo~qnan spectro- 
photofluorometer with a xenon arc (Aminco Cat. No. 4-~:6o) and an RCA IP28 
photomultiplier tube with its amplified output coupled to the Y-axis of an X - Y  
recorder. For our purposes, we have assumed that  the fluorescence detecting and 
recording s~ temg respond linearly to fluorescence intensity at any given wavelength. 
Thus, we have used the recorded curves of fluorescence spectra as the basis for our 
computations of qu~ l tum yields. 

We h~ve used the method for obtainix,g relative quantum yields described by 
TEALE AND WEBER 4, and our results are zelative to the quantum yield of o.2t which 
they have reported for tyrosine in neutral water sokation. According to this method 
the ratio of the areas under the curves of 3,F(~.) vs. ~. of two fluorescent substance~ is 
equal to the ratio of their quantum yields if the conditions of excitation are identical. 
F(2) is defined as the response of the detection system corrected for the change of 
respon~ with wavelength of the photomultiplier tube and the loss of light energy 
in the grating of the fluorescence monochromator. For tsTosine, where there is con- 
siderable overlap of absorption and emission spectra, F(2) must be further corrected 
for reabsorption of fluorescence by the solution. 

To obtain data fGr quantum-yield determinationg we recorded the fluore~,~cace 
spectra of t3-tosine in double-distilled water (pH 5-7), in Mc!h,aine's buffer (pH 7.6). 
and in o.zz N NaOH, of R N A a ~  in double-distilled water, in Mclh'aine's buffer 
(pH 7.6), and in o. tz  N NaOH, and of insulin in Mcllvaine's buffer (pH 7.6), and 
in o.t2 N NaOH. Spectra of insu!i.~ in neutral water solution were not recorded owing 
to the fact that  the absorption and emission characteristics of our preparations ot 
insulin in double-distilled water are unstable. Light of identical wavelength was 
used for excitation of the .~amples of which the fluorescence was compared in quantum- 
yield determinations, and the solutions were of equal absorbancy ( +  0.003) at the 
wavelength of excitation. Absorbancies were measured with a Beckman DU spectro- 
photometer. The normality of the NaOH solution was maintained at 0.I2 z o.ox N 
by  ti tratio i to a phenolphthalein endpoint with standard HCI. On standing for 24 h 
or longer I he NaOH solutions were found to develop an increasing intrinsic fluo- 
rescence. For this reason all solutions were freshly prepared on the day of use. The 
normality of NaOH ~ "" x - ~  - - . . . . . .  I g a s  arbtLrar,-'ly chosen in the pH range where virtually 
complete dissociation of the tyrosine hydroxyl can be expected. All solutions for 
fluorescence studies were handled in acid-washed glassware and cuvettes. 

For the waveleagth of excitation, ~e  set the excitation monochromator of the 
Aminco-Bowmml as clom as pos~'b!e t~ z77.3 m~. which is an isosbestic point of 
the absorption curves of neutral :rod alkaline tyrosine as measured by our equipment. 
By  this choioe of wavelength, the neutral and alkaline t~xosine solutions used for 
~ t i v e  quantum-5~ld d e t s t i o n s  w~re of equa~ concentration as well as of 
equal absotbancy a t  the exciting wax. length., 277-3 ra/t. The tyrosine solutiot~s used 

in concentration from 7.o3-8.59.xo 4 M tA-----o.ogo-o.r,o at 277.3 m/,). 
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Fluorescence measurements were made using Pyrocell No. $18-12o x-cm path  length 
quartz cuvettes. 

To process the raw data  obtained ~om the recorded curves of the fluorescence 
spectra of alkaline and neuL-al tyrcsine, the ordinates of the recorded curves were 
measured in arbitrary, units at intervals of to  m~. These readings were then corrected 
for variation in the sensiti~ity of the phototube with wavelength by  use of the spectral- 
response curve supplied by  the manufacturer for the RCA 1P28 phototube. We 
further corrected our data for reabsorption of fluorescence by the solution, using the 
formula. 

~-(~) 
FI~.) 2~ r rec ted  = - -  ( I )  ~(a)~ 

where a().) is the transmission coefficient of the soiut'.'on for fluorescent light of wave- 
lengtl- ~ and l is the average thickness of solution traversed by the fluorescent light 4. 
Because of the difficulty of calibration, we did not correct for attenuation of li~ht by  
the grating of the fluorescence monochromator, and we did not correct for re-emission 
caused by the reabsorption of fluorescence, since in extremely dilute solutions of 
both neutral and alkaline tyrosine this factor is negligibly small compared to other 
sources of error. The data  corrected as described were used as F(;[) in plotting 
~F(~,) vs. it for alkMine and neutral tyrosine. 

Measurement of the fluorescence spectrum of tyrosine in the experimental concen- 
trations in o.x2 N NaOH required the use of the maximum sensitivity settings of 
the Aminco-Bowman instrument, and a t  these sensitivities an appreciable though 
much less intense fluorescence could he recorded from the soh'cnts and cuvettes 
alone. For this reason, we recorded in each experiment control spectra of the solvents 
used, and for quantum-yield determinations, subtracted the area of ~IF(~) vs. ~ of 
the blank (water, o.x2 N NaOH, or buffer), from the area of ~F(~) vs. ~ of the substance 
being studiecL 

RESULTS 

In addition to the quenching of fluorescence at  alkaline nH (see refs. I ,  5, 6), we have 
observed that  tyrosine and two proteins exhibiting tyrosine fluorescence, insulin and 
RNAase, show a shift in the peaks of their fluorescence spectra from 3x5 m p  in near 
neutral solution~ (water or buffer) to 345 m p  in o. iz  N NaOI-P. This shift begins 
above pH xx and is complete in the range of pH xz-x3. At intermediate pH ' s  separate 
spectral peaks can be resolved at 3x5 and 345 mp.  Upon neutralization of the alkaline 
t3:, ~me solutions a single peak at 3x5 mft is again observed. 

t'~°~mres for the qumJtum yields of rveutral and alkaline tyrosine, insulin, and 
RNAase are presented in Tp- ble II .  These have been computed according to the method 
described above. Examples of the fluorescence excitation and emt~ion spectra re- 
corded for t l~se substances ~re pres~ ~ted in Figs. x-3*, and a si immary of the con- 

° The cooditions umf~ vihb~h the recording were ~,~t,. m'e pfemat~ in Talde l . ' rbe m'dtnate8 
fro- an 6jsu~ m'e adjusted for ~0,4xmcy difJemncee (ia no cme 8rester tJum 5 %) m m ~ 
true rdative intemifim, rest are otberwJee uncmvecud, ~a:el~ ~ r  Ft~ zb. ( ..... ). The cm, vm 
m ~ to shorn the ~ of ~pecU'al pemJk8 aad rdsSive lumlcemce  ~ msd are 
nc~. in all ~ the spectra on whkh quammm-yidd de4mminatiom were made. They am tberefo~ 
oaJy aln=ozimm~ ~ to ~ yidd. 

S u ~ m .  8mp~bs. ,4a~  66 (t96~ 3 ~  .~5 
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T A B L E  I 

DATA ON SPECTRAL CURVES* 

H'a:~.e,,ezA 

5 ~ t a m c ¢  ¢md solve~ Type o/  W~cl~q~k ~ ~ r ~  sl~ctv~,~** o/ t ~ t t a t o ~  am,~es~.z~.:. 
( m ~ :  rag, retched 

A/~o~m~y C o ~ t t r a / o M  
a.; "77. "~ m/,  (whet¢ lmot,11 

vL-Tyros ine  in H t O  F 277 =- 3 

E 3~5 = 3 
vL-Tyros ine  in buffer p H  7 6  F 277 = 3 

E 315 := 3 
DL-Tyrosine in o.12 N NoOH F 277 = 3 

E 345 -- 3 
RNAa~e  in t l t O  F 277 = 3 

E 3~5 - -  ~ -- J 
R N A a s e  in  barfer  pH  7.6 F 277 : 3 

E 315 ± 3 
1PNAase in O. I2  N N a O H  F 277 = 3 

E 345 -- 3 
I n s u l i n  ( l le t in)  in buffer pH  7.6 F : 77 : 3 

E 315 : 3 
I n s u l i n  ( I le t in)  in o. 12 N N a O H  F 277 : 3 

E 345 ~ 3 

o . l o  4 8.]7.  l o - I  M 

o . lo9  8.56- 1o 4 M 

o . lo5  8.25. Io -s M 

0 . ! ~  z2 3 mg/m I. 

o.1o7 

o.1o6 

o . i o  7 

* These  cu rves  are  in t ended  to  show the  pos i t ion  of spec t ra l  peaks  and curves  and  are not  in 
a l l  cases  the  spec t r a  on which q u a u t u m - y i e I d  d~ te rmina t ions  are based. 

*' F luorescence  s p e c t r u m  (F) or  exc i t a t i on  spec t rum (E). 

T A B L E  I I  

QUANTUM-YIELD I'~ETF~RMI .'qATIONS 

Std~st~t~e I ndit,4d..,~d, 
d.tt t ~ m i ~  tO~ 3lean 

DL-Tyrosine in H t O  (reference) 
oL-Tyros iv :  iL: ;".':ffcr pH  7.6 

DL-Tyrosine in o.12 N N a O H  

Insu l in  in buffer p H  7.6 

Insu l in  in 0.12 N N a O H  

RNAase  in H t O  

RYA~se  in buffer pH 7 : '  

RYAmJe i n o . t a  N NaOH 

" T h e  abso lu t e  va lue  ,~f o. z t o b t a i n e d  by  Tga~Lz 
ia  w t t ~  w ~  u.,ed ~ t  t he  r e f e r e n ~  v~lue t o  which 

(0.21) * 
o . I o  3 o , 0 8 8  = o .023  
0 . 0 7 o  
O . O I I  O.OOQ ; -  0 , 0 0 1 3  

0 . 0 1 0  

0 . 0 1 0  

0.o09 
o.oo8 
o,oo9 
0.oo9 
0 .009 
0 . 0 1 0  

o ,0o  9 
0.00~ 
o .o64  o . ~ 5 o  = 0 . 0 2 0  
0.036 
o.oo8 o.oo8 = o.oox 7 
o.oo 7 
O O 1 0  

o.oz 5 0 ,0 ;  4 = o ,oo t4  
o.oz3 
o o ! 7  O .O16  = O.OO14 

o.ot5 
o.oo8 0.oo8 = o , o o t o  
o . o o  7 
0.o09 

~ D  Wlusgl ~,~ the qmmtum yield of tyrmine 
all other v~Im~ li:*ted are tt-~t/~. 
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ditions under which the recordings were made is given in Table I. A typical ¢ m ~  
specUum corrected for the spectral response of the phototube and the 
ot flnocesccnc¢ is given :.:- Fig. 21). I t  can be seen that  this coctection yields higher 
v a h ~  tot the - . - ~ o .  ia the I o e ~ - w a ~ l e e t ~  portim ot the emission b ~ l  bet 
d o . . e t  ~ aUe, the p ~ m  ~ the ~eear~ V e ~  
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Fig. I. Uncorrec ted  exci ta t ion ( . . . .  ) and emission ( - - )  spectra  for tvrosine, insulin and 
RNAase.  Spectra  of neut ra l  solutions (Mcllvainc 's  buffer, pH 7.~,) are sho'wn for a, tvrosi,*e: 
b, insulin: c, RNAase.  Spect ra  in o.12 N NaOH are shown for d, t.~arosine; e, insulini and f, 

RNAase.  Sca t te red  excit ing l ight is indicated in the  exci tat ion spectra  by ( - - - ~ ) .  

DISCUSSION 

All our work was carried out at pH's  where more than 99 °o of the tvrosine hydroxyl::. 
would be expected to have lost a proton. We should like to point out, however, that 
we have no data, experimental or theoretical, which would allow an accurate estimate 
of the degree of dissociation of the sodium salt of the tvrosine phenolate group. 
We are therefore unable to state to what extent the ob~rved fluoresc-nce nf alkaline 
t.vrosine is due to the phenolate ion on the one has,d, or to the corresponding sodium 
salt on the other. I t  is not unlikely that  the sodium ~ l t  plays a role, especial b iz, 
view of the relatively high concentration of ~ i u m  ion and the low concentrations of 
t-yrosine employed. In order not to f a i r l y  imply a knowledge of this factor we have 
refrained from usi~g the term "phenolate ion", using the less specific "alkaline 
tyrosine" instead. 

The shift of the fluorescence spectrum of tvrosine in alkaline solution towards 
longer wavelengths corresponds to a shniiar shift in the ab.~rption spectrum. Since 
e v e n  distilled water prepared by  ord inan/means  may ha~e ultraviolet fluorescence 
detectable by the Aminco-Bowman instrument, it seems clear that tht  terms "fluo- 
rescent" and "non-fluorescent" used in a qualitative sense must be interpreted ~cith 
r ~ a r d  te  the thresho!d of sensitivity of the detection equipment. Our at tempts 
to determine the quantum ~deld of alkaline tyrosine are intended to illustrate that  
this, species does have a tlmcseence which is measurable with appropriate mea~xring 
devices, and which difle~ botL qualitatively and quantitatively from that  of neutral 
.tymsine. 

I t  is interesting that  the pH at which the shift in the fluorescence spectrum of 
tyrosine can first be seen is considerably above the t vros~+.ydroxyl-group pK 
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Fig. 2. I l lus t ra t ing the  d iminut ion  in in tens i ty  
of fluorescence and  shi f t  in w&velensth under  
highly alkaline condi t ions  (o.12 N NaOH) ( -  - -)  
compared to  neutra l  solutions ,(McIl~-aine's 
buffer, p~. 7.6) ( . . . . . .  ). for a, t ~ 0 s i n e ;  b, in- 
sulin; c. R hA~se .  In  addi t ion,  in b, ( . . . . .  ) 
depicts  t he  magni tude  of the correct ion factor  
when the  curve  for neut ra l  insulin ( ) is 
corrected for var ia t ion  in spect ra l  reslxmse of 
phototube znd for re-absorption of fluorescence 

accor~mx to  Eqn .  ]. 

of xo.I. Because the quantum ~eld of the phenolate form is much less than that of 
the unionized form, it is apparently ,~n~ssary for a considerable excess of the former 
to be present before its characterisUc a,msescence spectrum can be observed. We 
hav~ found that this spectrum could best be observed in freshly prepared NaOH 
of pH approx, x3 and that a faiJ in pH allowed the appearance of the peak at 3z$ m# 
as.oc~u~l with rue ~ phe~a Stoup of tyroane in ~m~a0a to the p e ~  at 

~o.~N to o.2...o.3 N ~ ~ ~ ~ the ~ ~ did 
~ ~ ~ ~ 5 m ~ .  
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Fig. 3. Illustrating the relative fluorescence intensities of a, neatral solutions (M,:llvaine's buffer, 
pH 7.6) and b, alkaline so!,a~ons {o.I2 N NaOH of tyrosine ( --), insulin ( . . . .  ), and 

RNAase ( ..... ). NaOH IJ.t2 N) blank ( . . . . .  ). 

The only previously published fluorescence spectrum which we have been able 
to find of tyrosine in Mkaline solution (o.I g/l = 5-53" 1 °-4 M; pH lO.77) shows a peak 
near 4o0 m# with a shoulder at 35 ° m# (ref. 7), thus differing significantly from the 
spectrum which we have recorded. However, we have obtained curves of similar 
form with the Aminco-Bowrnan instrument by the use of txa'osine solutions with 
concentrations greater than 5 mM in o.12 N NaOH. When such solution~ are 
diluted to the range of concentrations which we have used in measuring quantum 
yields, they give fluorescence spectra with a single peak at 345 mv. Further dilution 
to the limits at which fluorescence measurements can be made causes no further shift 
in the peak of the fluorescence spectrum of tyrosine in o.I2 N NaOH. It is possible 
that the shape of the curves obtained with concentrated alkaline solutions may result 
in part from the high degree of re-absorption and re-emission of fluorescence together 
with change, in the geometrical distribution of fluorescence in the sample cuvette. 

An important source of inaccuracy in our work i~ revealed by a comparison ~I 
the eo~ection factors obta'~ned by the use of the mam'~facturer's response curve for 
the xPz8 phototube s with those obtained by WsrrE, Ho, .~.~n WEIMER ;° in a direct 
calibration of an Aminco-Bowman iustrmnent, in which grating attenuation and 
other factors besides pbototube sensitivity are_ taken into account. The discrepancies 
in these two sets of correction factors indicate that our data must be regarded as 
omy mmany corrected. 

Reference to Table II  will show that there is variation in the results obtained in 
difleremt ~ n t s .  Part of this variation may be due to a t~obable error of at 

:~ 3 m/s in setting the coarsely grmttutted dials of the monochromators of ti~e 
Amitmo-Bowman instrument. For t h~  reason, it was impossible to duplicate e.xacti~ 
the wavelength of excitation on sucoessi~ d a ~ .  On any one day the excitatkm-wave- 
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length dial was set at the beginning ana not touched until completion of the dav 's  
e.xperiments. Because of the inaccuracies of setting, reading and recording wive-  
lengths with the Aminco-Bo~..-man instrument we believe that  the peak at 345 m ~  
which we have observed in the fluorescence spectrum of alkaline tyrosine may  be no 
more accurate than : 5 m~. 

The absorbancies which we have used at the excitation wavelength (A = 
O.O90-O.IIO ) are slightly above t h o ~  regarded as optimal by TEALE AND WEBER Ii for 
quantum-yield determinatioi',s, but were chosen because of the greater accuracy and 
convenience of absorb;racy measurements in this range. Furthermore, pilot experi- 
ments with solutions ot A ----- 0.o5o gave r.o significant difference in quantum-yield 
results. 

The figures for the quantum yields of P_NAase and insulin ~re based or, only 
. . . . . . . . . . . . . . . . . . . . . . .  , ~ , , , ~ ,  ~ r~a , , , e , ,  as preliminary. 

The figure for insulin especially is open to question since it is based on the use of 
a commercial preparation, Iletin, which, according to the manufacturer 's  description, 
contains o.2 % phenol and 1.6 % glycerin. The spectral shift to 345 m/~ in o.xz N 
NaOH was also observed with the highly purified insulin preparation described above. 
In view of the potential sources of inaccuracy in our work, there seems to be quite 
good agreement between our figure of 2.4 % for the quantum yield of RNAase in 
water and the figure 1. 7 % previously reported by TEALE ~. 

I t  is of interest to note (Table II)  that  while there are considerable differences 
between the quantum yields of neutral solutions of tyrosine, insulin, and RNAase, 
the values for the respective alkaline solutions are to a first approximation the same. 
I t  would thus appear that  when the amino acid tyrosine is incorporated in a protein 
its fluorescence is "structurally" quenched to a variable degree under neutral con- 
ditions but not under alkaline conditions. I t  seems reasonable that  this "alkaline 
quench release" may be related to pH-dependept structural changes in the protein 
molecule. No data bearing on this possibility are available at the present time, how- 
ever; and furttler speculation now would be premature. 

All of ouc measurements are undoubtedly susceptible of greater accuracy through 
the use of more precise equipment and elaborate technique. Our data are presented 
at this time to demonstrate that  t~nrosine in st~ong!y alkaline solution, either alone 
or as a tyrosine-containing protein, exhibits dete~able fluorescence in the near 
ultraviolet region, and that,  compared with neutral tyrosine, the quantum yield is 
the order of twenty-fold lower with concomitant shift of the emission peak from 
• .J.,-c m/~ to 345 inF. J * J  
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