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Wm" Actmity of Amblystoma larvae, in 25% ethanol, with successive changes in
pressure over a total penod of 4 mun (F. H Johnson and Flagler, 1951b)
Photographs were made through a window 11 the pressure chamber The air bubble visuible at
the top of the compartment under atmosphenc pressure disappears as the pressure is raised

and ppears as the p 1s released. The shght increase in the amount of dissolved
oxygen that occurred i this maaner cannot account for the decreased narcoss. inasmuch as
similarly narcotized ammals showed no recovery when transferred to a corresponding
narcotic solution that had been equilibrated with pure oxygen

(Fir. 5,67, pe 527, in Johns>n, Zyring, ant Stover,1974)
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Fig, 2% PRESSURE (psi) 4

f{¢ﬂ—5tmdy—5tate levels of luminescence in the saturated syvstem of A. fischeri extracts
(left) and in living cells of P. phosphoreum (right). The duta on the right are replotted from
Brown, Johnson, and Marsland, J. Cellular Comp. Physiol., 20, 151-168, 1!'42.  The initial in-
tensity at normal pressure is arbitrarily taken equal to 100 at exch temperature, and gllowance is
made for decay, when significant, in the luminescence of extracts. The lower of the two curves
for 26° C. was obtained with an enzyme solution that had stond for several days at room tem-

peraturf{ Pig, 2, ps 610, in Strehler ani Johnson, 1954). ]
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Fige 2’
Fig. Records showing the counteraction of ethanol narcosis with high pressure
(Spyropoulos, 1957b). A glass-pipette internal electrode was used. The axon was stimulated
] near its cut end with two steel wires. The glass pipette recorded the conducted response.
3 Ethanol concentration 3%; temperature 22°C. The vertical bar at right subtends 100 mV.

Time marking | msec. (Fiz. lell, pe 33, in Johns>n, Zyring
and Stover, 1974).
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Fig. ¥ Records showing the counteraction of ethanol narcosis with low temperatures
(Spy )o(&ulos. 1957b). The amplitude of the response of the giant axon treated with ethanol at
22°C varied with the intensity of the stimulus. At 4°C the fiber fired spontaneously. The
record at 4°C was obtained by electrical stimulation with the internal wire electrode.
Conceatration of ethanol 3%. Time marking 5 kHz. (Fig. l.12, p. 33, in

Johnson, Eyring andi Stover, 1374).
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ROLLING RESPONSE

Fig, 28 - 700 200 300
HELIUM PRESSURE (ATM)
Fxgw. Rolling response (in terms of percent of normal, i.e., of unanesthetized specimens)
in newts as a function of helium pressure in the presence of 34 atm of nitrogen and a paruel
pressure of 1 atm of oxygen (Lever et al.,, 1971). Error bars indicate the 95% confidence limits.
Ten animals were used in the experiments. The temperature was 20°C, and the rotation speed
was4pm. (Fig. 5,68, pe530, in Johnson, Eyring and
Stover, 1374),
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Table 1I

\ Table l.) Fluorescence emission maximums (nanometers) and intensities (in arbitrary units
shown in parentheses) for luciferin and reaction products, at 2 X 10-°M at 25°C, measured,
at the indicated wavelength, with an Aminco-Bowman spectrophotofiuorometer.

Luciferin Oxyluciferin Etioluciferin
Solvent 430 nm 360 nm 360 nm
(nm) (nm) (nm)
0.05M Sodium phosphate - 535 (17) 510 (1) 503 (5)
0.1M NaCl, pH 74
n-Butanol 535 (18) 477 (103) 470 (180)
0.05M Sodium phosphate— 535 (18)* 465 (100)t 480 (65)

0.1M NaCl, pH 7.4 with
6 X 10°M luciferase

*In the p of sodi hydrosulfite to stop the luminescence reaction. (Visual observation indi-
cated similar results with a vacuum.) t The solvent, containing luciferase (4 X 10-°M), was chilled
in a cuvette to 0°C, and measurement was made within 10 seconds after oxyluciferin was mixed in,
to minimize error due to hydrolysis to etioluciferin. . 2
(Tebole H‘ in Shimomure, Johnson, eni Kohama's erticle in
SCIENCE, 13 June 1969, volume 164, pages 1299-1300
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(Fiq. l.) Degradation of luciferin by
luciferase. (From Shimemura et al,
Science,164, pe 1299, 1lucs)
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2 Fig. 27. Oxidative degradation of Cypridina luciferin
(Fiz. 2 deg_hmon. s Toraiar,dercules
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Fig. 74/ Changes in calum coocentrations. as =:.caied by aequonn bioluminesceace,

accompanying the response of pigeon-heart mutochc =22 i the addition of (A) cyanide, (B)

4,3, 6, 7-tetrachloro-2-trifluoromethylbenzimidazole (-~ F 3'. . C) rotenone, and (D) aatimycin

A (Chance etal, 1969). (Fiz. 215, p. 112, in Johnson, Syring
andi Stover, 1574
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Fig. 29. s

FI'.“'. Lumunescence of aequona. after inject. = W .2¢ Pant axon ! Loligo forbesi. in
response to the entry of Ca’* as a function of pu.se .razon with 120-m% pulse amplitude
(Baker, Hodgkin, and Ridgway. 1971). Curve a (C  .tsened early Ca’~ entry obtained as
the difference between the response of aequon= . “~e >resence and .n the absence of
tetrodotosin at 22°C, with 112 mM Ca?* in the « 2 <igtion: curve b (+): Ca?* entr
during pulse; curve ¢ (X) Ca®* entry after puise. =~ 2 @v toul entnn d=b+¢

(llgg. 2.16, p. 112, in Johnson, Syring, ani Stover,1374),
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Fig. SA7. md“-‘-rjommlovmmh(w
trace at left) from a spontuneoush rhvie=ically finng single pant brain cell of the slug Limax
maximas, together with a smmuianecus lumunescence response (lower trace) of aequonn
previously injecied 1o the cell The lummescence response was caused by the change in the
free calciuin concentration withr: the cell 1 conjunction with each action potential. The
amplitude of the action potentiais sas 2 wut ¥0 mV. The ume interval between adjacent dots
was 0.625 msec. (Previous!y unpubhshec research record, courtesy of Dr. Joseph Jin Chang,
Biology Department, Pnceton Unverw~ February 1973) (Fiz. 2.17, p. 113,
in Johnson, Eyring, ani Stover, 1974; sea slso, Chang,
Gelperin ani Johns n, 1974).
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FIGURE 3: Photomicrograph of GFPb crystals. ( From Liorise,
Shimomure, Johnson an® Vinant, 1974.?.2559)
respectively, of 000,

a subumit having a molecular weight of 1
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Figure 32.

m fhtu of zoadsorption of aequorin and GFP on the emission spectrum when triggered by Ca’®*. Fach luminescent reaction, ex-
), Was trigge d by addition of 30 ul of 10 mwm calcium acetate to the following mixtures: (1) 270 4l of buffer solution contaming 11 ug
of aequorin, (2) 270 ul of buffer solution containing 11 ug of aequorin plus 46 ug of GEP, (3) 270 4l of buffer solution containing 11 ug of
aequorin plus 46 ug of GP plus 100 ul of finely ground DEAE cellulose or DEAE-Sephadex suspension (see Materials and Methods), (4)
250 l of buffer solution containing 11 ug of aequorin plus 460 ug of GFP plus 100 4l of the DEAF <cellulose or DEAE-Sephadex suspension
was centrifuged, then the precipitate was resuspended in butfer sol making the total to 270 4l (5 | scence of photogenic organs of
Aequorea (see Materials and Methods), (6) the same as (4) except that GFP was replaced with 50 ug of FMN. The butfer solution used was

0 I : 0). c b
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Fig. Emission spectrum of the luciferin-luciferase reaction, recorded by an Aminco-
Bo spectrophotofluorometer ten minutes after adding 0.2 ml of the standard luciferase

solution in 2.5 ml of 0.03 M magnesium acetate to 0.2 ml of luciferin solution (A); Ruores-
cence spectrum of the products of the luminescence reaction, 45 minutes after the start (B);
control fluorescence spectrum of the luciferin solution (C), and control fluorescence spec-
trum of the luciferase solution (D). Excitation for the fluocrescence spectra was at 350 mxu.

(Fize 0, pe 284, in Shimrrura, Johnin =
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Fic. %/—Fluorescence excitation (meas-
ured at 475 mu) and emission spectra (ex-
cited at 390 mpu) of the fluorescent substance
isolated from Meganyctiph norvegii
(solid lines), and emission spectrum of the
bioluminescence reaction of this substance
with the photoprotein isolated from the same
source (broken line), measured with an
Aminco-Bowman spectrophotofluorometer.
Solvent: 0.02 M Tris-HCI containing 0.15
M NaCl, pH 7.6; temperature: 4°C.
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TABLF TIV*

Enzymic Bioluminescence—Synopsis oll-:xtneled, Cell-Free Luciferin-Luciferase Systems®

Type of organism and Molecular Molecul Addi \} Light-emitting
specific example(s) Luciferin weight  ° Luciferase weight qui lecule(s) Quantum yield®

A. BACTERIA AND FUNGI

1. SCHIZOMYCETES: various R—CHO - Pure 79,000 0,, FMNH, FMNH* FMN r. cycles
species: Photobacterium R—CLi0: 0.17
fischers, Ph. phosphoreum

2. BASIDIOMYCITES: vanous Pure (7) — Partly purificd 0, — -
species: Arm. laria, Collybia, y (particulate)
Omphalia, etc.
B. PROTOZOA
DINOFLAGELLATE
Gonyaulax®
Soluble system Highly purified — Highly punified 35,000 0,. salts — —
Particulate system Highly punfied — Highly punfied — 0, H* - —
C. COLLENTERATES
ANITHOZOA
PILNNATULACEA
Cavernulara’ Partly punificd - Partly punlicd . O, DIA”
Kentlia* Pure - Pure 12.000" 0,,DPA” Oxylucilenn
1 cropiilus® Partly punified —_ Partly punfied — 0, DPA" -
Ponnandat Partly punificd - Partly punficd - Q,, DPAC
D. ANNELID WORMS >
1. POL YCHALTE: Odontosvihs Highly punified — Highly purified’ - 0,;,CN~ Oxyluciferin -
(*Bermuda hreworm™) 5
2. OLIGOCHAELL Diplocardia Partly purified —_ Partly punfied — 11,0, -—
(carthworm)
L MOLLUSKS
1. GASTROPOD: Latia (hmpet) pure 236 Hignly purified 173,000 O,. purple protein Ilavin 0.012/8°C)
2. CEPHALOPOD: Watesenia — —_ —2 — 0,, ATP, Mg?* = o
(hrefly squid™)
F.CRUSTACEA
|. OSTRACOD. Cypridina® Pure 405 Pure $3,000 0, Onxyluciferin-L-ase 3(25°0)
Complex
2. Drcarop: Hoplophorus Nearly pure/ — Highly purified/ 150.000 0, - —
G. INSECTS
Cotrorrrra. Lampyndae Pure 280 Pure 100.000' 0, ATP, Mg** Onxyluciferin 0.9 (pil 7.8)
and other families; various species:
Phoninus, Photuris, and other
fircflies
H HEMICHORDATES
Balanoglossus (“acorn worm™) Partly purified — Partly purified - H,0. _ —
(peroxicase)
. VERTEBRATES"
(TELEOST FISHES)
1. PEMPHERID. Parapria- pure (same as F.1) 408 Partly purified, —_ 0, Pre bly same P bly same
canthus . asF.1 as F.1
2. AFOGONID: Apogon Partly purificd -— Partly purified’ — 0, Pr bly same P bly same
as F.| as .1
3. BATRACHOID. Porichthys Partly purificd —_ Partly purified/ - - 0, Presumably same  Presumably same
as F.1 asF.l

2Somewhat modified and updated from F.H. Johnson and Shimomura (1972a, pp. 302-303).

*Photons emitted per molecules reacted.

“1 uciferin and luciferase interchangeable in luminescence reaction,

“Monomer. “Native™ Renilla lucifernse may have a molccular weight of 34.000.

*1, 8 Diphosphoadenosine (DIPA) and a sulfokinase are normally necded in order to form active luciferin from luciferyl-sulfate

'Only extremely small quantitics have become avanlable due to lack of raw material

*Unpublished data from experiments by O. Shimomura at Uozu, Japan, 1970. Cell-free, active solutions were obtained, but separate solutions of luciferin and luciferase weie
not obtained in these expeniments. ]
*Luciferin and luciferase componets from all these sources react interchangebly. giving a luminescence reaction.

‘Molccnlar weight of monomes 50.000.

/Luciferascs of Apogon and Cypridina are logically d guishabl

» Table 2.2, ppe 84 & 85, in Johnson, 3yring eni Stover,(1374).












































