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EGAMI GOROKU (Egami’s Sayings). 3
“Bovine-Equine Research and Copper-lron Research Are Not So Bad.”
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| planned a reckless challenge to the hypothesis of 00 PaulingD0 00000000 OO0OO
Pauling.

My first research in my final year as an undergraduate noooooobdoouoooooooooooooo
student in Prof. Egami’s lab finished without any notable réd 0 0 0000000000000 00O00O0O0O0O0OOOO
sult. After that, | was allowed to continue research in the Saf® N Opooo00000O0000000o0oo0oo0oonn
lab as a graduate student on the master course, and given a new

. N Jgoboooboo40b00000000DO0OO0DOOOODOO
research project. Though | used the word “given” , we rather
selected one from a number of projects which had been proll D0 DO OO0ODOOOODOOO0OOOOOODOOO0OO
posed by Prof. Egami. As usual, he proposed amuch greatel oo ooooDOoOoOOoOOOO0OOOO0O0
number of projects than those for the new graduate students. 0000000000000 0000000000000

“When you become a student on the doctor course, you
have to plan a project by yourself. Then, you can do anythifg? BB 0 00booboobuooooouuoboooid
you wish provided that you give due considerationtothetradiO 00 0000000000000 00O0O0OOOOOO
tion of the lab. Fpr the students of the master course, IWllo o ooooooooooooooo
propose some projects and | suggest you choose one of them.”

When Prof. Egami generated research projects, he was noboooooooooooooooooooooon
only interested in whether they were interesting or not. HeU OO DOOOOO0O00O0O0O0000O000000000O
neglected all the minor factors such as whether itwas possible oo oooooo000ooO0O0000O000O00000
or not. Since he Q|d not consider at all the ability of the st%-D 00000OO0O0O00O0OO0O000004000000
dents who were going to take up the challenge, the level of pro-
posed projects were irrelevant to the grade of studeats, JE 0 HO0OOODDOOOODOOOOOOOOOOOUOO
whether they were undergraduate or graduate students. HedidooooooOoOODOOODODOODOOODOOOOOO04000
not hesﬁatg to propose very difficult projects, which seemeﬁjD 000000000000002000000000000
scarcely suitable for graduate students on the doctor course, even
to undergraduate students. Therefore, it seemed that ev@r? oooobooooooooobooboobooooon
project was too difficult to be completed during two years of the 00 000 0000000000000 O0OOOOODOO0O
master course. Some of them were rather outrageous. ItWas oo ooOo0DO0000000000000000
unbelievable that | should choose the most outrageous one amonEcH

. . . gJooooobobooobooobouooboobooboobooo
them having been enchanted by Egami’s magic. | totally forgot
my bitter experience during the undergraduate course, and whls D0 000000000 oonooooooooooodon
caught up by a fantastic dream of success and admiration froomoooono
the world. , . 000 Paling000000D00O00O0DO0D0OOOD

It was a reckless challenge to examine the hypothesis of
Pauling, that is, attempt to elucidate the mechanism of fornfaBUDO0OODOODDDODOOOOOODOOOODOOD
tion of the binding site of antibodies. Though it has becomeeal 00 0000000000000 0 10000000000

historical episode in bioscience, Pauling once proposed the W o oooo Pauling00000000000000000
struction theory. He tried to explain why it was possible for the
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immune system to produce specific antibodies against evelyh oo oD o000 0000000000000 000O00

foreign substance. He proposed that the polypeptide chainﬂjb 0000000000000 0000000000000
antibody would be flexible enough to construct the conforma-

tion of the binding site that can accommodate any possible ar%—D
gen molecule; that is, the antigen would serve as a templateffof 1 0000000000000 O00000000000
an antibody during the process of folding of a random polypep-0

tide chain. 00000000006 -000000000000000

This hyppthesns was Wldely. accepted be(?ause it was pE%h"ng SIaiatalslaiatalalatatalaiatalalatatalalatatalals
posed by Pauling who was the highest authority on molecular

structure and the prophetafhelix. On the other hand, Bumet? DU BDODOOOOODOODOODOODOODOON
proposed the selection theory on the basis of biological pHed Bumet DD D OO OOO0O0LOOO0OO0OOOO0OO0000O
nomena such as immune tolerance, and the number of peaple DO DD DO DO ODOOOOOOOOOOOOOOOOO
who approved this theory was increasing. However, in those nooonooooooooo00000000000TO0
days, knowledge of both primary and tertiary structures of anti-
bodies were still very poor, the difference between T and B ceﬁs
was not yet recognized, and nothing was known about the géne! DD D ooooouuooooouuooooouon
structure for antibodies. Therefore, itwastoo earlytoexplairisd D0 0000000000000 0O00O0O0O0O0OOOO
rational mechanism for the formation of specific antibodies, ando oooooo o
it was not possible to conclude which theory was correct.
Since Prof. Egami was very interested in immune phe-
nomena, he decided to solve this problem from the molecu%rD Hobbbboooooonbooooononounn
points of view. It occurred to him to use the technique of revild D D0 000000000000 000000000000O
ing dead proteins. About three years before, Anfinsen'sgroop] 0 0000030000 0Anfinsen D000000000O

had made a great discovery. They completely denatured bor o opooooooooo0oooo0O000O00000000

vmg panc.:rea'Flc r|.bonuclease Wllth urea anq a reducing ageﬂ 0000000000000 000000000000
which splits disulfide bonds. This resulted in complete loss of

the catalytic activity. However, if the denatured protein wasHHHOoooooooooooooboobooonoon
allowed to be oxidized slowly after removal of ureaand the re- 0 0 0o boooooooooooooon
ducing agent, its activity was found to be restored completelyoooooooOOoOOO0DO0OO0OOO0OOO0OO0O0OOOOOOOOOO
Until this discovery, proteins had been believed to be extremely 1 nnnopooooooooooooooooO0000
unstable and denaturation was irreversible; that is, once a pro-
. . . . . 000000000000000000000000000
tein was dead, it would be absolutely impossible to revive it.
This finding was really a big event because it reversed the poptl DB E B DD OUuooooouuooooouooon
lar concept, and resulted in the establishment of todayscomi 0 0000000000000 O0O0OO0OOOODOO
mon concept that the information necessary for the proper fold
ing of polypeptides resides in the amino acid sequence. 0ooo0o000o00O000O0O000O0o000o00on
“This means that we can produce a protein with a full%
ordered conformation from a random polypepiidgitro. It is e
very interesting to apply this technique to antibodies. Firstliyl 00000000000 oooooooooooooogn
we destroy completely the conformation of an antibody moR D0 0000000000000 0O00O0O0O0OOOOOO
ecule by urea and a reducing agent, and make it return to{it$ oo oooDoooooO00C000000000000
stqrtmg state immediately after birth, that |s', a state of rand(ErJ] Saiatatalalatatalalatatatalalatatatalalatatalalals
coil. Then, we remove urea and the reducing agent, and let it
fold again in order to attain a certain conformation. If we doftlBUbbooooouboooubooooouooon
interfere with, the protein will reach its original conformationd D000 ooooooooooooooboooooon
But, if we add some substance to the solution, what will hapropooooOOoO0OOOO0OO0OO0O0OO0OO0O0OOOOOOOOOOO
pen? If Pauling’s hypothesis is correct, the protein will fold bM 000000000 PaulingD00000000000000
using the added molecule as a template. Then, we might be
. . . . . goddodoooooooooooooooooooooa
able to obtain an antibody molecule which has a specific bm%-
ing site for the added molecule.” boboooooodoooodoon
As usual, he uttered these words energetically likcama- 0000000000000 0000O0O0O0DOOODOOO

gboboogoooobooboboooboboobooboog

BOObooooooOobobooooboboooooboon

goooooooobooboooooobobooooog
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chine gun in a shrill voice, spitting, and shaking both handsvig-0 0O 000000000000 000000O00000O000
orously. The flood of words from the divinely inspired braim oo oooooOooOoOoO0OOO0OO0O0O0O0O0O0OOOOO0

stuck into my brain cells. He ignored completely the possibik o poooooooDoooooO0DoDo0DO0O0OOOO000
ity of failure. He was not anxious at all about the possibility o ooooooooooooooooo00O0000000
that it might be too hard for an inexperienced graduate stud%pﬁIj 0000000000000 0000000000000
on a master course to complete such a bold pmjeCtortopﬁ)'DDDDDDDDDDDDDDDDDDDDDDDDDDD
duce any positive results. His power was overwhelming an ID Qoo00Ooo0000O0000O000000000
was totally enchanted by the freshness, boldness, and fun of the
idea. Since | lacked vision, | dreamed only of success, a%t? e
chose this project without hesitation. Though there were thrgg! OO DOOOOooooboonooooooooon
new graduate students including me, no one was trapped by sidp 3H 00D DOoouooouoooouooouoon
a dangerous project except me. gooooao

Readers should be surprised at this story. “Alchemy U0OO0O0O0O0O0OO0O0O0O0O0O0O0O0O0OODOOOODOOOO
again! You were too naive if you expected you could succeed D 00 00000000000000O00D0OOOOOOOO
“Such a project was too rough because it was based onlyom OO0 0000000000000 0000O00O0COOOO
instinct.” “You were too simple to be trapped by such aridicci goooooOooooO0OoO0O0O00O00O00O0O00O0OOn
lous idea.” “Since Pauling’s hypothesis proved to be incorreet,; g pauling D 0 OO 0000000000 00000000
such a project could never be successful.” |totally agree with o oopoooooooooooO0O0000000000

these criticisms. From the contemporary viewpoints, thebeD 0000000000000 0000000000000
should have been no chance of success. But | was a real L N e atatalatalslatalalatalalatalaiatalalatals

horn who had been caught by such a fantastic dream.
goodoooad
However, | became somewhat prudent when | was go-
ing to start the experiments. Though Prof. Egami had given me Hoopoonooonnioonnioonnioon
a splendid idea, he did not consider a realistic protocol for thed HHOOooooooooooooooonooooon
conduct of the experiments; e.g., which antibody of which arii-tJ BB B0 0DOODOOOoouoooooouooon
mal, which antigen, and which experimental procedure, et¢! ] 00000 00000000000 0000000000
should be used. It was not his responsibility, but was the fell DU OO0 000 ooooooooooooooooon
sponsibility of the student who chose the projectto putthe ideedd D0 0000000000000 0O00O0O0O00OOOOO
into practice. Therefore, | thought | had to think them throughh D0 000 0000000000000 O0O0O0OOOOOOO
000000000000000000000000000

You can hardly imagine how poor the knowledge onthe o oooooooo0ooOO0O0000O0OO0O0000000
structure of antibodies was at that time. We had only the ulta; ;o oo
centrifugation method to determine molecular weight of pro-
teins. Nor_le of the gel filtration chromatography ahd SDS-PAGE 000O0O000O000000000000000000
had been invented. We only knew that antibodies are macro-
. . Jobooboobooobooobuoobooboobooboo
molecules having a molecular weight of more than 100 thou- .
sands. No one knew that they are composed of H and L ChaIErJIE
Since efficient techniques such as affinity chromatography ahd DB OO0 SDbS-PAGEDDOODODOOOODDOOD
monoclonal antibody production were not yet available, it wadt D00 uuuooooooooooouyuooooH
impossible to obtain a homogeneous antibody. Therefore, tRel LUO DO DO OOOOOOOOOOO0OOO000O00000
primary structure of antibodies were totally unknown. Ifone 00 0000000000000000000000000
mentioned a specific antibody, it meant only a fractionof antd D000 0000000000000 0O0O0O0OOODOOO
serum treated by primitive purification procedures suchasam{ 00 000000000000000000000O00O00OO
monium sulfate precipitation. Someone begantouse DEAE OO OO0 O0O0O00O00O0OO0O0O0OO0OOOOOOO
cellulose which had been available shortly before, and they o000 000000000000ODEAED OO DOOD
ported its usefulness to obtain a more purified antibody. 000000000000 0000000000000000
As to the circumstances in Egami’s lab, it was rather a%—D
vantageous becausg Dr. JII?O Koyama and pr. Tsuneko Uchlda, Slaiatsiataisliatalaiatalatataiatalaiatalatatsiatals
both of them experienced in immunochemistry, were workmg
) ) : 000000000000000000000000000
as staff. However, their own research projects were different T
from those which were targeted at antibodies at protein level, %Ll:]
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there was essentially no base for my project. Itwasalmostthe oooooooODOO0O0O0DO0O0OO0OO0ODO0OOO0OOO0
same everywhere in the world at that time. Prof. Egami'sidea nooopooooooooooo000o00000onn

was too advanced. _ , J000000000000000000000000000
| became somewhat wiser as a result of my bitter experi-
00000000000

ence during my first research in the final year of my undergradu-
ate course. Therefore, | thought it would be too reckless to DU HHEDOOODOOUOODOOOOOOOOOOO
challenge antibodies from the beginning because they were toe D D D D OO O00DOOOOOO0ODOOOOO0OO0OOOO
big and heterogeneous, and it would be better to check several 0000000000000 0000O0O0D0O0O000OO
critical points in advance. Was denaturation-renaturation pesnoooOoOO000000000000000000000
sible for every protein? The succes; ofAn_finsen’s group migﬁtD 0000000000000 AMinsendO00000000
have been attributed to some special ability of bovine ribonu-
. Jobooboobooobooobuoobooboobooboo
clease. Though some papers had appeared reporting the suc-
cess of similar experiments applied to other proteins such e
lysozyme and trypsin, all of them were rather small. |thoughtd DO 00D OOOOOOOOOOO0O0O000000O0O0
it would be much safer to practice using a small protein whichO 000 00000000000000O00O0DOOODOOO
would be easier to handle and to verify whetheritworked orf g o oooOoOoOO0OO0OO0O0O0O00O00O0OO0O0O00O0O
not, before the challenge to antibody proteins which would be
very difficult to handle. 00000000000000000000000000
Fortunately, my seniors Dr. Sadako Yamagata and Dr.
Kenji Takahashi had already done a preliminary experiment EhD nobbbobboobbbboobT,bboboboun
the denaturation-renaturation experimenéspergillus oryzae D0 HHUboooouoooooouuooooouooon
ribonuclease Tand got some results. However, this project DU D DDOODUOODDOOODOOODODOOOUOON
was interrupted because Dr. Yamagata moved to another project D0 00 0000000000000 000O0D0OOOO
and Dr. Takahashi was occupied with the work on the deterrﬁiﬂ 000000000000000000 T,0000000
nation of the complete amino acid sequence of ribonuclease I 1 oo oooooooooooooooooo0on
Therefore, there remained some unsolved problems. For ex-
. . . pbogoooboooboobooboobuoobuooboo
ample, if the denaturation process was stopped at a point where
some residual enzymatic activity remained, complete restoral DO HOOooooooooooboonooooon
tion of the enzymatic activity was possible. However, if the D0 000000000 0000000000000000
enzyme was treated until the activity was completely lost, itwasD D 000 0000000000000 O0000000OOO0
not possible to restore full activity. If the denaturationwasgpoooooooOoO0O0OOO0O0OO0OO0OO0OO0OOOOO
reversible only within a certain limit and became irreversible [ o oopooooooooo0oO0O00000000000
when this limit was exceeded, the process would be very co
plicated. Therefore, if | tried to examine ribonucleasarid
failed to obtain results essentially similar to those whicﬁ noboobbooobboobbboobboonood
Anfinsen's group obtained,the challenge to antibodies woutg” B0 00O OOOOODOOODOOOOOOOOOO
become almost unrealistic. oooooooooooobooooboooooooogT,
Therefore, | dared to ask Prof. Egami permission to doO0 0O AnfinsenD 000000000 000000O0O000O0
some practice on ribonucleasgahd compare the results withp oo ppopoooooDoooooDODOODOOO0O0OC0OO0O00
Anfln_sen's group. lwas a Ilttlg nervqus becaL_Jse I was a_fr 0ooooO0O0O0O0O0O0O0O0O0O0O0O0O0ooooooon
he might say, “You should start immediately using antibodies!”
o . . JJJodobdobobobooboobbooboobouobooo
However, he only said. "Do as you like.” When he was in the
lab, he used to come to our room two or threetimesadayg'ﬂm'jDDDDDDDDDDDDDDDDDDDDDDDD
ask us, “Is your research going well?” Though these wordsléef D000 OOoooonooooouooooooooon
course put us under a certain pressure, he never forced us togol D0 0000000000000 0D0O0OOOOODOO
on with the research saying for example, “Why are you so slow37

or “Hurry up!” 000000000000000000000 T,0000

. Then | sf[arted experiments using rlbonu.clealsa'sTan 00000000000 20000000000000000
object for practice. However, | made a great mistake in expect-

ing that it would take a few months. As a matter of fact, almogtIj Jobbbboooooobbooooouoobuon
all experiments | did failed contrary to my expectation. Finallyy D20 0UO00DUDO0%00UUDOOU00%0U00

E]_I][II]DI]DI]EITII]DDDDDAnfinsenDDDDDDDDD
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it took almost one year to succeed in the fundamental process) 0 000000 0000000000000 O0ODO0O0
that is, complete restoration of enzymatic activity after conh o opopoopooiooo0ooo000000000
plete destruction. _ _ D0000000000000000000000T,00
| would be grateful if the readers would be patient enougﬂh
. gobooboboboboboboboobooobooboobo
to hear my excuse. It took about two weeks to obtain pure
ribonuclease Tfrom crude Takadiastase powder, which was e b00 200ooooooonoonnoooooooon
starting material. Because of the lack of effective purification 1 U 0000 000000000000 00000000
methods such as affinity chromatography, we had to combing] D00 D000 Ooooooooooooooooooon
several complicated processes to obtain adequately pure pre3 10mgO0 0000000100 2000000000000
tein.  Several milligrams of the protein obtained after suchren o ooooooDoDooOooOoO00o0o0OO0O0000000
troublesome process disappeared after only a few experimept$; oo oooooooooO0DOOOO0O0000000

I'had been too 9pt|m|§t|c to think that | had only to carry.onﬁD 00O00O000OO200000000000000000
little from the point which Dr. Yamagata and Dr. Takahashi had

reached. But|was completely wrong. The mimic ofAnfinsen% e
group did not work everywhere. OO0Anfinsend00DDO0O00O0DODOO0O
Even the first step did not go well. | failedtodestroy UOOOOOOOOO0OOOO0OO0OOODOOOOOOOOO0O
completely the enzymatic activity with urea and areducingagentl D0 0000000000000 O00O000O0O00OOOO
Several percent of the original activity always remained eveno oo oOoO0O0O000% 000000000000 0O0O
after prolonged treatment. Since | had to show complete restor oo oooooooooo0DO000O00000000000
ration -of the act|IV|ty after its compl.ete loss, this S|tuat|o.n W8S L opoooooooooooOoOOOoOOoOTOOOO
undesirable. This was finally explained by the fact that ribonu- !
clease Twas a protein which is very easily regenerated. Whé]nD i e
| measured enzymatic activity, the enzyme was incubated witi00oooooonouooouonoonos7o o 150
the substrate at 37 for 15 minutes. During this incubation 00D ODDUOODOODODOOODOODODOOOOO0
period, a part of the molecules which had been completely dée1 00000000000
natured refolded and restored the activity. 0000000000000 000o0oooooooon
Another problem was that removal of urea and the reufinsenn D DO D00 00000000000 0000000

duc_ing agent by g(_al filtration, which had beer_l adopted t?é(l] 00oo0O000O0O0O0O0O000O0O0O0O0O0000O0noo
Anfinsen's group, did not work at all. No protein was eluteg QO0oooo000O0OOOOOTOOOOOOOOO0
from the gel filtration column. This turned out to be due to the !
acidic nature of ribonuclease. T Gel filtration had to be carried nooooooooossonuuobouobooooooo
out at an acidic pH in order to prevent reoxidation of the proteihD D DO OO0 0000 nOooooouooooooooon
during the gel filtration process. Under such conditions, the0 000000000 TO0000000000000O0O0O0
enzyme became insoluble in the column. Oooooo

It was also difficult to restore 100% activity after com- o ooopopooooooooo0o000000000000
plete qle'naturatlor'l. Thls was due to undesired S|de'react|onsgbé1 100%000000000000000000000000
impurities contained in both urea and the reducing agent .

. 00000000000000000000000000

Consequently, almost all processes did not proceed as expec?e%.

It took one or two months to identify the reason for each proE—D ooboooooooooobooboobooooon
lem, consider appropriate measures, and make itgowell. 0000000 00000000000000000000
Therefore, my foolish expectation that | would be able to 0 D0 0000010200 000000000000
easily mimic the work of Anfinsen’s group resulted indisap- ODOOOOO0OO0OAnfinsen0 0000000000000
pointment. Bovine pancreatic ribonuclease and ribonuclease oo ooooo0000O0O0O0O0000O000O00000
T, were extremely different though both of them.are calledribernnopoooooOooooooOOO0O00O0CCO000
nuclease. Even with glmost the same experiment, the SaMe yoooooooOO00OO0O000000000000D

result could not be obtained.

| conducted the research with the worst efficiency, beD- HoH
cause | consumed purified ribonucleasénTone or two experi- pobotoobbboodooooboouodobdo
ments, and needed to prepare again and again the purifiedléft0 0 000000000000000000000000
zyme from Takadiastase in order to continue the experimentsU 000 O00O00010mgO0000000000000O0O0

Several tens of mg of the purified enzyme were immediatelyD 00000 00000000000 OOOOOOOOO
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lost without giving any positive result, and | had to prepare thep 000000000000 DOOO0OODOOOOOODOOO

enzyme again. Bad insight and wrong expectation made My oooOoOO000000000000000000000
research extremely inefficient. From this lesson, l always ad oopooooooooo0o0000000000000
vise my colleagues and students to be patient and stock the M Loooooooo0oO0o0O0000O00O00000000
terials needed for a project as much as possible before the start.

My senior Dr. Takahashi was an excellent model. WhenD nopnoanonn
he decided to determine the complete amino acid sequence ofD nhooboobbooboobbooboonoon

p q

ribonuclease Tduring the doctor course, he spent almost halflg” H BB 00 T,0DOOOOO0000000000000
year preparing ribonuclease dnd stocked a huge amount] 0000000000000 OO0O0O0DO0000000
enough for several years of research. | stillrememberthescene D00 0000000000000 0D00O00O0O0OODOO
when he talked for the first time about the complete primaryn 00100 00000000000000000O0O000O0O
structure of ribonucleasqﬁhe fruit of his Superhuman effort, 0000000000000 oooooOoDoooooooo
in a scientific meeting. After his lecture, one of the audlen%m 000000000000000000000T,0000
asked him. “How much ribonucleasgdid you use until you N10mgd 000000000000000000000000
completed your work? Was it several tens of mg?” His answer
was cool and sophisticated as he was at all times. “About sgv—D Doooooooonooonboonbgnboonnn
eral grams.” The meeting room was filled with sighs. nobooobooobooonn

Since | did not have the foresight that Dr. Takahashihad, D000 OOODOODODOODDOOODOODOOO0OOU
I conducted my research with the worst efficiency; repetitiond 0 D 0 0 0000000000000 OO0O0OOOOO0
of preparation and consumption. During those days, | do@t0 00 00000000000000000O00O0O0O0OO
know how many times Prof. Egami came toourroomand askedi 00 0000000000000 O0O0OOOOOOOOO
me: “Is your research going well?” My reply was alwaysonly, oooo0ooO0Oo0O0O0O0O0O0O0000000O00O00O0O0

“Ah, uhh, not so bad.” 1 still deeply regret that | was never able oo poooooooooO0O00000000000
to answer with any other sincerer words. 00ooooooo
The miserable consequence was, that almost one year 0000O0OOOOOOOOO0Ooooooioooan
had been spent for the practice before | could even attack the
main project. Moreover, | could not conclude these preparatOQyIj Jobbobboooobonbooooononouon
experiments at this point, because Prof. Egami always told ygHooooooooooooooooooooooono
“It is not polite to eat only the toppings of sushi. Thé!U
same is true of research. You are not allowed to examineonly D000 000000000000 O0O0O00O000O0OO
the interesting portions. Whenever you start a research projéecf) 0 000 0000000000000000000OOO
you should not throw out every minor part even ifthe major 00000000000 OODOOOOO0OOOOOOOOO
parts are finished. Even if you feel reluctant, you have are0ooooooo0o0O0O0O0O0000O0O0O0OO00O0OO0
sponsibility to clean up every detail so that people who mayq o opoooooooooooo0O000000000000

follow your research can avoid unnecessary experiments. YBLh 000000000O00000000000000000
Z:z:;dlgcl)etflteave the room with a mess thinking nothing |nteﬁ DOooOoOooooOOOOOOooooOOOOodoo
Though my experiments were intended as practice, soHé] Hobbbbboonoooooooaboud
new findings on ribonuclease Were obtained. These findings nobooboboooooooboooooooooo
should be published. To do so, some additional experimeft§! 0 0000000000000 O00O0DOO0000000
were essential in order to make the work complete. Thoughthé! DU 0000 OO0 OOO0O0OOOOO0O00OOOOOO0
enzymatic activity was fully restored, some physicochemical ddfe1 00000 00100%00000000000000000
such as sedimentation coefficients and data on optical rotatom OO OO0 O 00000000 O0OO0O0O0OO0O0O00O0O0
should be collected in order to confirm that the conformation oo ooooOooDOoOoO0DODOO0OoO0OO0O0O0OOO00O000n
had been regenerated. It was also necessary to examinether oo ooooooo00000000000000
effects of oth_er molecules during the renaturation process fr% Ooooooooooon
a random coil to a fully folded molecule. e E el N NLNETaEaNaYaatatatals
When | finished all the necessary experiments, there was
no time left to challenge antibodies. Since | had encounterguD Hoooonnooonnoonnioonnooony
too many problems even in the experiments on the simplest p%-D oooobooooooooooooboooooooon
tein ribonuclease Tif | had challenged antibodies, there would? H 0 DO DD OOODOODOODODODOODOODOODD
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have been no chance to obtain something meaningful. Conses pooooOoOoOOoOO0OO0OO0OOOOOOO TO0000
quently, my research during the master course resulted in oORlY, oo o000 000 0 AnfinsenD OO 00000000
the denaturation and renaturation of ribonuclegse Mcould 0000000000000000000000000T,00
only show that similar results to those of Anfinsen’s group Wele L N0 oo0000000000000000000
obtained in the case éfpergillusribonuclease T It was only a0

an imitation of the original work!

In this way, | destroyed the splendid dream of Prof. Egami. noobbobobooooooooooooooooo
Since | was not brave enough to ask Prof. Egami directly apgg Dooooooooboooooooboooouoo
his opinion, | did not know his true evaluation. He never a0 0Ooooobooouooooouuooooy
cused me at all of such a half-finished job. However, thiswas? 00 0000000000000 00000000000
how he was. Even if the work of his students seemed vésy! D0 0000000000000 0000000000O0
humble, he never blamed them saying things like, “WhatastuJ 0000 o0oooooooooooooooooooon
pid work this is!” or “What meaningless work!” OntheconO 0000000000000 0000OO0DOO0OO0OOOOO
trary, he always encouraged them as much as he could saying,0 O 00 00O
“Excellent!” or “Wonderful discovery!” 00000000000000000000000000

In addition, there was another reason why Prof. EQamincpooooooo0o0o0O0o0O0Oo0O0O0oooooooon
could not accuse me: though | had notintended to do so, lobeyed nooooooooooooooooooo0O0O0

falthfully his lesson which he repeated hundreds of times. 0000000000000 o0oo0oooooon
“Bovine-equine research is not so bad. Copper-ironre- [ oopopoooooo0000000000000000
search is not so bad 0000000000000000000000000000

A person does some research using bovine samples. ’IE\IIEDDDDDDDDDDDDDDDDDDDDDDDDDD
other person, who looked at this work, does almost the sale - OpooooooooOOOOOOOoooOOooo

experiments using equine samples. Such research which lack

5DDDDDDDDDDDDDDDDDDDDDDDDDD
any originality and is only the product of self satisfaction is calle
000000000000000000000000000

scornfully “bovine-equine research”. “Copper-iron research
also means imitation work done on iron mimicking other people%D Jooonnooooooonnnooooooonnn

work on copper. If you are told that your work is bovine? HHEOOOODOODOOOODOO
equine research, it is the most dishonorable abuse. Noonewill BEH0UDOODOOOUOOOUDOOuooouo
read such a report. However, Prof. Egami said that such wotk! D 00D DOoouioooooouioooooodin
is not so bad. dodoooooooooooooooooooooooa
“It is not so bad to imitate a study on bovine sampleds DD 0D DO0O00OODOOOOOODOOOOOOOOOO
done by someone and do a similar study on equine samples) 0 D0 D000 noooooooooooooooon
No one knows whether identical results to those obtained forJ 0 000 0000000000000 O0O00OOOOOOO
bovine samples are obtained on equine samples ornot. SinceC 0O O0O0O0O0O0O
we cannot predict the result until we experimentally prove it,it DOoOOD0DO0OO0O0O00OO0O0OO0OOOOOOOOOOOOO
is worth trying and should be done by someone. TheworstistO oo oOoDo0D 0000000000000 00000
have the preconception that nothing new will turn out on equitmag O000PalingD 000000000000 O0O0O0O00O0

samples.’.’ . ) ) goobobooobooobooboobooboobooboo
I did not intend to do bovine-equine research or coppetr nnooooooo000O000000000000000

iron research. Prof. Egami’s original idea could be compar% oooooooo

to the big leap from ant to elephant. My inability replaced this 00000000000 00000000000000n

brilliant challenge with “bovineAspergillusresearch”. Though CF 000000O0o0000O000ooo0ogooaoo
this was really a bargain, it could be considered that | reallze
goboobobbobboboboobbooboobooba

faithfully the lesson of my teacher.

There was another point in that | was faithful to Egam@DD nobbooooooonbooooonnnooon
sayings: that is, | respected the tradition of the lab. “Wwheny6lZ BB 0 T,0ODODODOOUDOOOOOOUOO
conduct your research, you should respect the tradition of the D0 DU D DUODUODUOOUOOOOOOOOON
lab.” This phrase was also often uttered by Prof. Egami. HID 0 0000000000000 000000000O000
added something new to the knowledge on ribonuclegtall UOO0OOOO0OO00O00OO0O00O000000000O000
was one of the traditional objects of Egami’s lab. ooo
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If Prof. Egami permitted my awkward results, itmaybe poooooooo0oOoO0OO00O0O000O0O0O00000

due to my loyalty to Egami’s saying and my tentative sympatkty(Ij 0000000000000 0000000000000
with his fantasy of alchemy.

| am always indebted to Prof. Egamiforbargaininghi@DDDDDDDDDDDDDDDDDDDDDDDDDDD
magnificent project. However, for my part, | learned many 0 00 00000000000000000000000O0
things from this experience. For example, “itisimpossible onooooooOoOoDO0OO00ODO0OO0OO0O00O00O00000

achieve success by imitating other people’s success,” “an origiy o o oooooooooo000000000000000
nal work cannot be accomplished unless you establish your own

. . . . Jooooooobbbboooooouobbobboboooo
experimental system,” “nothing is known until you examine by
yourself” “all proteins are different,” etc. | also understoo 000D DI OOOODOOOOOOODOOOOOOO0
more deeply the phrase, “bovine-equine research and coppeB 000 0000000000000 00OO0OOOOOOO
iron research are not so bad.” | have always been supported 0y o ooooooooo0o0oo0o0O00000000000
this phrase in my career as a scientist after | left Egami’s Iatﬁ)D oooo
Therefore, though it is of personal satisfaction, the bokise-
pergillusresearch had significant meaning for me. O
godooooooooobbobobbbbbboooooog

| am afraid that some people who did not hear directty oo ooooooDoOoO0OO0OO0O00O000000000
from Prof. Egam might take it that he c.Ialmed, “Itis enough't& 0ooo0o00O0O00O00O00000O000000000n
do bovine-equine research or copper-iron research.” This is
absolutely not the case. Many phrases in Egami's sayings G0 HEonninininiiiiiuonn
paradoxical. The content is almost opposite to the packagel! 0 D00 OO O0DOOO0OODOOOODOOO0OODOO0
His idea was always magnificent and far from bovine-equine orD 00 0000000000000 O0OOOOOOOOOO

copper-iron. He never said, “Be satisfied with bovine-equine ;1 oo oooooooOoOOoO0O0DOOOO00000
research or copper-iron research”. The true meaning is, “Don't

. L . Jooooooooobooobooobooboobooooo
conclude or underestimate something just from its appearance.
Even if other people cannot find anything significant from bg- D 0 000U oooooooodoooooouood
vine-equine or copper-iron research, you have to find out im-0 0 00 0000000000000 O0O0OOOOOOOO
portant things hidden in it. You should polish yourselfinordef o o oooono
to acquire such an ability, make a continuous effort, and retain
this attitude.”

“l don't intend to say that everybody has to do bovindd DUOOUDOOOOOOOOOOODOOODOOOOODOOD
equine research or copper-iron research. If youwere atil@ 0000000000000 00O0OO0OOOOOOO0OO
genius, you would be able to foresee the most important thingh oo oo oo O0DOOO0OOOOO0OO0OO0O0OO00O000
and make a great discovery. Hov_vevgr, itis !mposs_lble for Or(ﬂ'm 0ooooo0o0o0O0O0O000000000000000n
nary researchers as myself. But, it will be still possible for us to
have a chance to make an unexpected new finding, if we ear-
nestly continue our own research step by step, which mightseerd 0 0 00000000000000000000000T,
to be an imitation of other people’s work. Our findingthatthe oD OO OODODODDODOOOOOOOOOOOOOOO0
specificity of ribonuclease Wwas different from that of bovine 1 oo pooooooooooooooooooooon
ribonuclease came out of an experiment that had been neglected

. . gobooboboboboboboboobuoobuooboobo
by other people. Therefore, bovine-equine research and cop-
per-iron research are not so bad. | always wish to ascend slowly U H 00D Ooouiooooooiioooooouin
a hill which is not visible to other people, and find a pretty flowen 00 0000000000000 0000OODOOOOOO
which is not visible to other people.” 000000

A horse is not identical to a cow. Iron |spot|dent|calto 0oO0OoO0OOOOOOOOOOoooooooooo
copper. Therefore, some treasure should be hidden there. You
have to have the insight to find it and expose it. Therefore, tifuooouoooooooioooooooooood
phrase, “bovine-equine research and copper-iron research@ie 000000 0000O0000000O0O0O0O00000O
not so bad”, does not mean, “you may be satisfied with bovine o oooooDooDoOoOoOoOoOO0O0O0O0OO000000
equine research and copper-iron research.” You have to m%hﬁ 0000000000000 O0O00000O0000nn
an important finding even from bovine-equine research or cop-

gboooooobooboboooooboobobooooog

goobooooobooobobooobobobooooboog
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per-iron research. To realize it, you need to have the abilitytoy ooooooooooooOoOoOO0OoOO0OO0OOOOOO
see things differently from other people. If you have notyethad o oopooooooooooooooo0O0C0O0000

such an ab|!|ty, .you should polish yourself in order to acquire Er 000OoO00000000000000000000000
Prof. Egami said that he was only an ordinary person and not a

genius, but an ordinary people cannot find a flower which %D Hobbobbobbbobbooobbonbonond
invisible for other people. pooooodoooooooooodo

| still remember scenes often seen during the colloquium O0OO0O0O0O001000000000000O0O0O000OO
held Weekly in Egami’s lab. Several members of the lab wWereOoooooooooooooooooooooooooon
assigned to discuss progress in their research or introduceﬁem— 00oo0O000O0O0O0O0O0000O0O00O00000noo
ports appearing in new journals. It used to be held in a small

. goboobobobobobobobooboboobooboobo
lecture room. All lab members sat facing the blackboard. Prof.
Egami used to take a place in a front row. We,'tailsoftheIchB,DDDDDDDDDDDDDDDDDDDDDDDDDDD
used to take places in the back rows. Therefore, we could oRly DO ODOOOOOOOOOOOOO0OOO000O0O0
see Prof. Egami’s back. When sometime had passed aftersome-0 000 000000000000000O00O0O0O0OO
one began to talk, his head would begin to nod back and forthp oo oo oDoOOoOoOoOO0OOO0OO0O0O0OO0OOO0OOO0

and this movement became larger and larger. Justaswe wefe noopooooo00000000000000000

anxious about wh'at would happen, his h.e.ad would abruptly S Nt alaiaininiaiataiataiatalnialaiaiaiaisiataintals
backward and his face turn to the ceiling. Once his head
snapped, it returned towards the blackboard. However, e
short period, his head again would begin to nod and the samhe! DU DD oouuooooouooooouun
process was repeated. Since the presenter’s talk was too bo- U 0 D0 D0 ODO0DO0OODOOO0OOOOOOODOOOOO
ing, he could not have helped taking a nap, but we looked@at]
each other and chuckled. 00000000000000000000O000000
However, to our surprise, when the presentationwasfirO DD DD 0000000 ODOOO0OO0OO0OO0OOOOOOO
ished, Prof. Egami always asked some questions whichwerg 000000000000 O0O0O00O0O0OO0O0OOO0O0OO
extremely unique. It had appeared he was not awake durng — 0000000000000 OOOOOOOOOOOO
that period because of the frequently repeated noddingand smeapr0 0 00 0000000000000 OOOOOOOOO
ping. We felt bewildered because his question always gottothe DO OO DO 000000000000 00000000
point, though it seemed to be almost impossible forhimto listOD OO0 DODO0ODOODO0ODOODO0OOODOOOOOOOOOOO
ten to that part. He also made some comments whichwereso OO0 000 000000000000 O000OO00OO0O0O0
unique that | felt the scales had fallen frommyeyes. EvenfranO 0000 0000000000 ODODOO0OOOO0OOOOOO
an ordinary presentation, he was able to find something quitet oo oDOoOoOO OO
unique as if seen from a different dimension. 000000000000 00O0OO000O0O0O0ooOOn
Thoughwewereawake,whatdidwehearandwh::xtqi_x,jmDDDDDDDDDDDDEIDDDDDDDDDDDDD
we consider? 'Even though he seemed to take a nap, he unﬁ(emr-D 0000000000000 00000000000
stood and considered more deeply than people who were awake.
This ability to learn during a nap was one of the seven wondérs’ DB EEOOOOOOOOO0000000000
of Prof. Egami.
godbobobobobobob4bobuobobon
| stayed less than four years in Egami’s lab. My lifelong opoooooooOooO0OoO0OO0O0O0OOOOOOOOOO
regret is that | was unable to accomplish even a tiny work whiehy 0 o oooooooooooooooooooo0ooo 0
could.satlsfy Prof. Egaml during thls period. However, th 0OC0O0O0000000000000000000000
experience | gained during that period made an absolute contri-
bution to my career as a scientist. My attitude as a scientist was DHBBBOOOODOOOOOEOOOo0o000
almost totally determined in that period. Though it is impodd HH B DO DDUDOOOOOUODOOOOOOOO0
sible to imitate him, | have always wished to look atthings diff 0 D 0D 00 0DO0oboooooobooobooooooon
ferently from others and to generate ideas different fromothers0 O 0000 000000000000 00000O0O0OO
Thanks to this attitude, | have never got impatientwhen | sawqo o oooooo00O0O0O0O0000O0O00O00000000
many people were climbing hastily up the same hill. | ha\/ﬁD 000000000 0000C0O000000000000
always felt happy when | could find a small flower which other
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people had missed. | have always felt uneasy if | said someg ooooooooOQ
thing that someone else had already said. 000000000 000000000
“?ovme—equme research and copper-iron research are not 00000000000 0000000000000nn
SObad'. Jgpoodoooobobobobooooooooooooobooooa
This phrase has always been a great comfort to me. Even
if someone’s work looked much more brilliant and advanced 2 B0 00O ODOODOOODOODOOOOO00O00
comparison with my own, there has been no need for me tothe! D 00 000000000000 O0O00O0D0O0O0O00O0O0O
impatient about it and to feel a sense of inferiority. “Waitfora D0 00000000000000000O0O0OOODOOO
while. Though you might estimate this area totally worthlessd oo ooooooOoOoO0OO0O0O00O0O00O0O0O0O00O0
know a big treasure box is buried here.” Whatever the conser, oo oooooo000000000000
guence was, | have been able to hypnotize myself with this sug-
gestion and stay calm. Thanks to this phrase, | have been able
. e . . Jodoooooooobooboobbobbooooooao
to avoid tough competition in certain areas crowded with people.
dooooooobobobbooooooobooboobooooo
| am now in a position where | sometimes need to give 1 D 00D 0OOO0O0OOO0OOOOODOOOOODOOO
my colleagues and students some advices. WhilelamspeakiO 0 OO0 0000000000000 O0O0O0OOOOOOO
ing, | sometimes happen to notice that | am telling somethingo ooooooooDo0Oo0O0O0000O00O000000
which | heard from someone, and parroting someone’s idedq oo pooooooO0000000000000000
Then | am deeply discouraged to contlnue: However, it is v SIaiaRatatalataiatataiatatalataiatatalataialatalats
strange that | don't feel such a sense of guilt at all when | repeat
like a tape recorder, the phrases that Prof. Egami told us, noPd Hobbbboooooonbooooononounn
| care about the lack of originality. On the contrary, | feel @2 00O UDOOOODOUODOOODOUOODOOOON
sense of satisfaction in looking for an appropriate phrase for the) D00 0o oonooooooooooooooooon
given situation from the content of Egami’'s sayingsinmy bram0 0 0000000000000 000O0O
Why is this so?
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