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much  less absorbed by the  Raney  nickel t han  the  free 
peptides,  and t r e a t m e n t  of the  react ion mix tu re  is reduced 
to only its f i l t ra t ion and evaporat ion,  t i le p roduc t  being 
subjectable  to  mass spec t romet ry  wi thou t  purif icat ion.  
The e -aminobutyr ic  acid residue behaves  s imilar ly  to 
o ther  a l iphat ic  amino acids 1 under  electron impac t  and 
its posi t ion in ti le pept ide  chain (and consequent ly  t h a t  
of the  meth ionine  residue) can readi ly  be determined.  If  
the  pept ide  contains  an alanine residue as well as cysteine 
(cystine) the  Ni/A1 al loy used for prepar ing  the  ca ta lys t  
should be leached in DeO so t h a t  the  cysteine (cystine) 
residue is conver ted  into deuteroalanine  residue. 

Figure  1 shows as example  the  mass spec t rum of Dec- 
Met-Phe-Gly-Cys(CHeCOOMe)-OMe (1) which is ve ry  
compl ica ted  and moreover  difficult  to reproduce owing 
to the rmal  decomposi t ion  of this substance dur ing mass 
spectrometry .  On the  contrary,  the  mass spec t rum of 
Dec-AmBut -Phe-Gly-Ala -OMe (2) prepared  by  t r e a t m e n t  
compound  (1) wi th  R a n e y  ilickel as described above,  is 
s imple and qui te  readi ly  deciphered.  I t  is also no tewor thy  
tha t  the  t empera tu re  of mass spec t romet ry  of this sub- 
stance is 100~ below t h a t  required for compound  (1). 

Hence  desulfurizat ion considerably simplifies the mass 
spect rometr ic  de te rmina t ion  of t h e  amino acid sequence 
of the  sulfur-containing pept ides  and a t  the  same t ime  
extends  the  l imits  of this  method.  

BblBORbl. [IoKa3aHO, qTO ~ecynbqbypHp0BaHHe 3~Hp0B ce- 
pyco~ep~amax N-aL~NJmenTH~OB HHKeJIeM PeHe~ B ~HMeTHJI- 

qb0pMaMHae npH 20 ~ cymecTBeHH0 ynp0maew onpe~eneHHe 
aMHHOKHCYIOTHOH n0cJ]e~IOBaTeJIBH0CTtI MaCC-CrleKTp0MeTpH- 
qeCKHM MeTOROM H 0RHOBpeMeHH0 pacnlHpgeT rpaHHIIbI 3TOF0 
MeToKa. 
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Electrophoretic Behavior of Sonicated Human Serum Proteins 

Although  gaseous cav i ta t ion  has been widely  used to 
d is rupt  cells and subcellular  part icles  1, l i t t le  is known 
about  its influence on serum or p lasma proteins.  Prel imi-  
na ry  studies 2 indicate  such forces render  f ibr inogen 
molecules incapable  of forming a f ibrin clot  and solubilize 
l ipoproteins  th rough  the  up take  of addi t ional  prote in  3. 

Qual i ta t ive  or quan t i t a t i ve  details about  changes in 
serum or p lasma proteins  media ted  by  gaseous cav i ta t ion  
are still lacking. Therefore,  a t t emp t s  were made  to char-  
acterize the  phenomenon  by  inves t iga t ing  sonic effects 
on the  e lectrophoret ic  behav io r  of proteins  in normal  and 
abnormal  sera as well  as purif ied prepara t ions  of h u m a n  
serum albumin,  y-globulin and #-lipoprotein.  

Materials and methods. Sera f rom normal  subjects  and 
pat ients  wi th  var ious  diseases were t ransferred in 2.5 ml 
a l iquots  to hea t - res i s tan t  glass tubes  placed in an ice- 
water  bath.  A t i t a n i u m  probe (0.75 inches in diameter ,  
end rat io  3.6: 1) was immersed  1-2 m m  below the  surface 
of the  serum and sound frequencies of app rox ima te ly  
20 kc/sec were genera ted  wi th  an M S E  dis in tegra tor  ~ for 
10 or  20 rain. Samples  remained  several  degrees below 
room tempera tu re  during sonic oscillation. 

Serum before and af ter  exposure to u l t rasound were 
analyzed dur ing the  Micro Zone 5 e lectrophoret ic  system. 
Elec t rophore t ic  dis t r ibut ions  oil cellulose ace ta te  were  
de termined  densi tometr ica l ly  after  s taining the  strips wi th  
Ponceau S. Measurements  of the  to ta l  pro te in  were made  
in t e rms  of the  b iure t  color reaction.  

Results and discussion. A series of 12 pools, each con- 
ta in ing  3 different  sets,  were prepared  f rom 36 hea l thy  
individuals.  Each  pool  was subjected to electrophoresis  
before as well as af ter  10 and 20 mill  exposure  to ul t ra-  
sound. The  qua l i t a t ive  and quan t i t a t i ve  changes induced 
by  sonicat ion were similar  in all samples. Af te r  10 rain 
of oscillation, the  pro te in  con ten t  of t he  ~- and #-globulin 
zones increased (Figure 1). This  change, together  wi th  
a reduct ion  in a lbumin  and y-globulin fractions,  was 
more conspicuous fol lowing 20 mill  of ul t rasound.  

I n  a typica l  example,  pro te in  in the  a lbumin  zone 
declined f rom an init ial  va lue  of 4.6-3.5 g/100 ml  af ter  

the  final  period of oscil lat ion (Table). This was accom- 
panied  by  a reduc t ion  in the  y-globulin f rac t ion to abou t  
1/a its original  value.  The  prote in  d isplacement  occurr ing 
wi th  20 mill  Of oscil lat ion caused a decline in the  ra t io  
of a lbumin  to globulin f rom 2.4 to only 1.7. 

Saline solutions conta in ing purif ied h u m a n  serum 
a lbumin  * (6.25 g/100 ml) and y-globulin 6 (0.7 g/100 ml) 
as well as a mix tu re  of the  2 proteins  a t  the  s ta ted  con- 
centra t ions  were subjected to electrophoresis  before and 
af ter  sonicat ion for 10 rain. Such t r e a t m e n t  of ti le a lbumin  
solut ion caused abou t  16% of the  prote in  to migra te  less 
rapidly  anodal ly  (Figure 2). W h e n  t i le y-globulin solut ion 
was t rea ted  similarly,  more  t h a n  30% of t i le pro te in  
moved  into the  #-globulin zone (Figure 3). Oscil lat ion of 
the  y-globul in-albumin mix tu re  caused the appearance  of 
only a single new posi t ion zone, residing in the/3-globul in  
posi t ion (Figure 4). Abou t  1/3 of the  to ta l  prote in  was 
displaced into this  area, wi th  l i t t le  or  no increase in 
prote in-s ta in ing mater ia l  in the  el-posit ion.  

Sera collected f rom pat ien ts  wi th  var ious  diseases were 
examined  e lect rophoret ical ly  before and af ter  10 rain of 
sonic radiat ion.  The  var iab i l i ty  of the  responses obta ined  
is i l lustrated by  the  pa t te rns  secured wi th  specimens 
f rom 2 sub jec t s  wi th  mul t ip le  myeloma.  Sera f rom these 
pa t ien ts  bo th  showed a typ ica l  peak  of mye loma  prote in  
ill the  y-globulin area. Fol lowing 10 rain exposure to 
ul t rasound,  the  pa t t e rn  f rom i pa t i en t  indicated a marked  
d isp lacement  of prote in  into the  #- and e2-globulin zone, 
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Oscillation Protein levels 
time Albumin . ~l-globulin ~-globulin fl-globulin 
(rain) % g/100 ml % g/100 ml % g/100 ml % 

y-globulin 
g/100 ml % g/100 ml 

0 71.7 4.6 0.77 0.05 7.4 
10 63.3 4.1 3.1 0.2 17.6 

0.48 10.6 0.68 10.2 0.66 
1.14 10.2 0.66 5.5 0.35 

20 54.9 3.5 41.9 2.8 3.1 0.20 

the  mate r ia l  in th is  area a lmos t  t r i p l i n g .  Similar  t rea t -  
m e n t  of t he  sample  f rom the  o the r  p a t i e n t  failed to 
p roduce  such a p ronounced  e lec t rophore t ic  change.  In  
th is  case, all globulin f ract ions  r ema ined  discrete,  a l though  
the  p ro te in  con t en t  of t he  el-, e~-, and  /t-globulin zones 
were d e m o n s t r a b l y  increased while  t h a t  in t he  a lbumin  
and  y-globulin regions were d iminished .  

Oscil lat ion of se rum f rom an indiv idual  w i th  pyelo- 
nephr i t i s  and  h y p e r g a m m a g l o b u l i n e m i a  for 10 min  pro-  
duced an impress ive  shi f t  of p ro te in  mater ia l  into the  
e2- and  /t-globulin area. In  th is  instance,  however ,  the  
e lec t rophore t ic  behav ior  of a lbumin  was v i r tua l ly  un- 
af fec ted  b y  sonicat ion.  

Serum ob ta ined  f rom a sub jec t  dur ing  a severe episode 
of d iabet ic  acidosis was h ighly  lactescent .  T r e a t m e n t  wi th  
u l t r a sound  lessened the  lactescence and  caused a lmos t  
hal f  of t h e  p ro te in  to  occupy  the  e~- and  /3-globulin 
region. The sonicaliy induced  reduc t ion  in p ro te in  in t he  
y-globulin zone was  m u c h  more  s t r ik ing t h a n  was t h a t  
in t he  a lbumin  region. 

U l t r a sound  causes a reproducib le  change  in the  electro- 
phore t ic  behav ior  of normal  h u m a n  serum consis t ing 
of an increase in mate r ia l  mig ra t ing  in the  ~- and/3-globu- 
lin zones wi th  a reduc t ion  in the  a lbumin  and  y-globulin 
fractions.  E x a m i n a t i o n  of pur i f ied h u m a n  serum a lbumin  
and  y-globulin before and  af ter  sonicat ion indica tes  t h a t  
a p ropor t ion  of these  pro te ins  is a l te red  in a m a n n e r  
affect ing the i r  e lec t rophore t ic  mobi l i ty .  Surprisingly,  only 
one, r a the r  t h a n  two,  anomalous  p ro te in  c o m p o n e n t  is 
d i s t inguished  e lec t rophore t ica l ly  in oscillated se rum 
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Fig. 2. The eleetrophoretic behavior of purified human serum 
albumin before and after 10 min exposure to ultrasound. 

O rain 10 ;n[n 

L Z 
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Fig. 3. The electrophoretic behavior of purified human serum 
},-globulin before and after 10 min exposure to ultrasound. 

Y- Albumin 

ZO.5 ~ 3Z.O % ~-7.5 ~ 

Fig. 1. Electrophoretic patterns of normal serum before and after Fig. 4. The electrophoretic behavior of a human serum albumin-y- 
2 timed exposures to ultrasonic frequencies, globulin mixture before and after 10 min exposure to ultrasound. 
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albumin-v-globulin mixtures. This unusual protein frac- 
tion electrophoretically resembles the peak formed when 
y-globulin alone is sonicated. 

The electrophoretic data and other evidence suggest 
that  ultrasound causes tl~e formation of an albumin- 
globulin complex. Moreover, while the complex retains 
certain solubility properties of v-globulin, those of albumin 
seem obscured. The total  protein content of salt pre- 
cipitable v-globulin fraction has been shown to increase 
after whole serum is sonicated 3. The sonically formed 
complex probably contains an outer layer of v-globulin 
surrounding the albumin molecules. Hence, 0nly a single 
new fraction residing in the fl-globulin region can be 
distinguished electrophoretically after exposure of albu- 
min-v-globulin mixtures to ultrasound. 

The atypical electrophoretic patterns observed in some 
diseases probably denote the presence of unusual proteins. 
Changes in electrophoretic behavior following sonic treat- 
ment likely depends upon the quanti tat ive and qualitative 

nature of the proteins in serum. Ultrasound might be 
useful for detecting the presence of certain abnormal 
serum proteins. 

Zusammen[assung. Normale und abnorme Seren sowie 
gereinigtes menschliches Serumalbumin und Serumglobu- 
lin, wurden vor und nach Ultraschalleinwirkung auf elek- 
trophoretisches Verhalten untersucht. Die Unterlagen 
deuten auf eine Bildung aussergew6hnlicher Komplexe 
zwischen gewissen Serumproteinen, wahrscheinlich Y- 
Globulin und Albuminfraktionen, dutch ultrasonische 
Frequenzen hin. 
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J a n u s  G r e e n  B and  E x p e r i m e n t a l  S y n d a c t y l y  in C h i c k  E m b r y o s  

Very small amounts of Janus green 13 (JB) injected 
into the amniotic fluid of incubated eggs (in the 29 Ham- 
burger-Hamilton (HI-I) stage) lead to syndactyly in  all 
survivors 1, 2. 

According to HAVEMANN 3, J B  (diethyl-safranine-azo- 
p-dimethylaminobenzene) can be reversibly reduced to 
leuco-Janus green B, a hypothetical intermediary com- 
pound, which on further reduction splits by an irreversible 
process into pink diethyl-safranine (DES) and p-dimethyl- 
aniline (DMA). This is the final reduction stage in the 
living cell, while a leuco-DES, which can be obtained by 
catalytical hydrogenation, is instantly oxidized into pink 
DES by O v 

Janus green B 

Leueo-Janus green B 
/ k 

V V 
Diethyl-safranine p-dimethyl-aniline 

Leuco-diethyl-safranine 

As JB electively taints in green living mitochondria, 
an interference of the dye with biological oxidation has 
been assumed ~. We actually found an interaction between 
JB and riboflavine, the active site of FAD:  (1) JB reacts 
with dihydroriboflavine and forms a water-insoluble 
greenish compound. No interaction between JB and ribo- 
flavine could be observed in the visible range of the 
spectrum. (2) The reduction of JB  with ascorbic acid is 
accelerated by small amounts of riboflavine. (3) The 
polarographic reduction wave of riboflavine shifts to 
more positive values on the addition of JB. In Figure 1 
the molar ratio of the compounds is presented. 

In an experimental model, we observed that  very small 
amounts of JB  exert stimulation on yeast oxygen uptake, 
as determined by polarography in paraffin-oil sealed 
media. Glucose has been added to yeast suspensions in 
7.2 pH phosphate buffer (Dulbecco isotonic medium for 
tissue cultures), until further addition of glucose did not 

increase the rate of oxygen uptake. Then, progressive 
amounts of JB  were added, increasing respiration rate 
up to 45% over the maximal level attained by saturation 
with glucose. 

The same experiment was repeated with acetaldehyde 
as food instead of glucose, for starved yeast. The results 
obtained were most similar to those with glucose (Figure 2). 
As acetaldehyde is directly oxidized by the respiratory 
chain 5, this similitude suggests an action of the dye upon 
this common metabolic pathway. 

As long as oxygen concentration could be maintained 
by constant air bubbling, above approximately 50% of 
saturation, JB was not reduced by the yeast and the 
respiration stimulus persisted. In lack of aeration, O 2 
concentration of the medium rapidly fell and JB was 
reduced to pink DES, while oxygen uptake sank to very 
low values, assumedly by toxic action. JB rapidly turns 
into pink DES in the allantoic fluid of the chick embryos, 
so it had to be investigated whether the dye itself or some 
of its reduction products is actually responsible for the 
syndactylism induced. 

A comparative testing of JB  and the equivalent 
amounts of the reduction compounds (DES+DMA)  
proved that  only the dye itself is teratogenetical. How- 
ever, a toxic effect of the reduction products, as concluded 
from the high lethality, can be admitted. 

I t  can be assumed that  JB  has an action upon the 
respiratory chain (at least in yeast) forming a FAD-JB  
type complex. The respiration stimulus observed suggests 
an electronic shunt role of this complex. 1ViETZNER 6, in 
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