Following the Random Walk: Howard Berg ft 4> 2E 21—
(S8 Lor—0%BLNTT]

INEFRE (R EEX-ZEMY), BUthAF(RREHX-FHEF), B% #M(KRX),
EHEAN(KBRTILX)

Seiji Kojima (Nagoya University; Writing), Tomoko Masaike (Tokyo University of Science;
Interviewer), Tohru Minamino (Osaka University), Makoto Miyata (Osaka City University)

XHERAE - FRMBHDER T F)—ITE, BADFX—/I—YUEBALLT, KROF
NoTATATEBRRTHILEZVEDDHELTVWET. SEIE, EREHD, NI TIUTD
BEID D FF%E 40 FLLLEITHT->TIFASIL TEF= Harvard XZ D Berg 5t 4 (Prof. Howard C.
Berg) ©9(2013.10.25-2013.11.3). % 51 B B AEYMBEERFRTI VRV LTIHEEL
TW12E, Z0OKR, AROEROLEARTOERNE, ZLTEEOTEEEHMALWLELZ. 22U,
1EMICEEAROVTAUBE 1 —DETERBAWELET . IS IL—T TR LI Nature
X PNAS G EITHNXERERLEGITOHIRIL ? 7AUA T — D AR &I ? BARAAREEZ
EB-TWE?FAR, BEMSAARANEALGHEEKELTY. ChoDFFDLERREIC, EX,
EiZ BO®D, Berg £EDTUN)—IZ, FEEDO =L EB> N EAEF OBUMSANTIBIEICE
B CHAHRAAHFELT-.

In Grant-in-Aid for Scientific Research on Innovative Areas “Harmonized supramolecular
motility machinery and its diversity”’(Leader: Prof. Makoto Miyata), one of the main activities
is to develop and exchange new ideas with foreign key scientists in the field and so we invite
them to the annual meetings of various Japanese societies (Biophysics, Biochemistry,
Bacteriology and so on). This time, we invited Professor Howard Berg from Harvard
University, who has led the field of motility, especially of bacteria for more than 40 years, to
the annual meeting of the Biophysical Society of Japan:'. Everybody in Japan who knows
him is curious about this and that about him: How has he kept publishing many manuscripts
in the top-rank journals such as Nature and PNAS, even though his laboratory is not so
large? What is the relationship between American top scientists and their students and
post-docs? What is his impression about Japanese scientists? Three members of our group
cut deeply into the “wonderland” of Professor Berg, with Dr. Masaike from Tokyo University
of Science as an interviewer.

1. RBICEALTEXENBZSINELZ. TAEEFRICSEIOKRBERICKELGFMZINT:
ESMMBNELEA, WEIILMATT M ? How was your flight? Did you worry about



the weather because Japan often experiences typhoons? We all appreciate your coming

over to Japan although (I heard) you had a big operation just before your trip. Are you

okay now? | hope | am not asking you a question that is too much personal though....
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This time | flew into Japan by business class. | could sleep horizontally, which was great. |
heard that a Typhoon came in, but it did not really affect me. Yes, | am fine. The operation
was completed with no problem. This operation was for Nodular basal cell carcinoma 2.
According to the surgeon, this tumor had been in my scalp for 10 years, very slowly growing.
She said the cure rate is 99.5 % after the surgery. During the surgery, a hole (3 x 4 cm) was
opened and then closed by 41 staples. It was OK, but it takes a long time to heal. It was an
interesting experience.
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2. INFETHDERBTHRLEEIZE->TWAIEIEATTMN? How many times have you
visited Japan? What events or things do you vividly remember?
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This is my eighth to visit Japan. My first time was in 1974. | think | attended a kind of
microbiology conference °. It was a year later, on October 19", when we published the paper
in Nature describing the discovery of bacterial flagellar rotation ". Japan is a very beautiful
country, and | went to see the temples in Kyoto and Nara. My most memorable experience is
when | visited the Katsura Imperial Villa. To get into the Katsura Imperial Villa, it takes about
a few months to get the permission for Japanese people, but an American tourist can get it
on the same day. It is not fair (laughs). Anyway, | tried to go to the nearest station of Katsura
Imperial Villa using a Hankyu train from Kyoto, but the train went right by the station. After 40
minutes | had no idea where | was. It turned out | was at Osaka. So | took a train again to go
back. But again, | went past the Katsura station and arrived at the underground station
where | had started. | tried to go out from the gate at the station, but a buzzer rang and
stopped me. Station ticketing people were laughing. Anyway, | took a taxi, but the driver
could not find the location of the Katsura Imperial Villa, so | was two and a half hours late for
the English tour. So, instead, | joined the Japanese tour. It was a great experience. There
were some Japanese people who were dressed as for a wedding with beautiful kimono.
Since | could not understand Japanese, | could concentrate on the wonderful view. When |
got out, a man who was sweeping the road was very kind and put me on the train.
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3. INFTHIREINTE-RHITHADRZOEMOENZEYEIRBFXESEILLEL=M?
EYPMEBZIZDOVNTIEESITI N ? EREFRAR(E ? ZLTINLIESEREDKLIITHEAT
LKEBRDHNFETH? What do you think about the change in the environment of science
and technology in the course of your studies? How about in the field of Biophysics? Or

research of biological motion? What is your expectation in the future?



FADIZETEH, MREZEBIIDEHRMENBLKHELLLGOTETVWET. FEESFT2H
BIfEELI-CENBHYET. £ITIE, EBEANDRAZEIAL, mREBIHDOIIICIRESEHL
FNIEESEODA, FHRTL . RAITMRGEREEELDOT, LWAVALEBERICHEKKAH
YFEJ. EREARFZIZTEEVEESTUOET. FAFFELRILIC, TELLLVREZEELLER
REFDODIENTEZLS . BHITYWEZED Purcell (Edward M. Purcell **) S £ IZ K EFHEX 2
(FEL=. WIFAENITIT OEBHEKRZH ST, MHL-{SADIEEZZVELE. KL,
LRILTEZADIENIFETL:. RATKEREDEZIZ, Purcell EEDFEEREZZ(T1=2ELHY
FT. BEREZHLOTID, SUFEALMDIRFOTH ASRFET, TNITENFELI=L. T
HEOTHAVREL—2av DESHRREBRTLE=.

FFEDHRETIN? SERILEIITEDTITCTLELD. BATFZENT RAEAAMILIEEZLGLNE
BOFEY. STIERETERICHRZEZESH TLVET K. Harvard DFAOBHARHE O HIZ(F, EE
[CHREZED TANSEFLEEETFETERIOVETHS, TAEEMLVERVET. FEOR
ARVE—HEITHREZEDHDIDITTTH, TOBETIERALEFL, BEWVIHALE LT EHILE
DRBLEEBWVET. ZLT, E5VRBRELIZFE, RARVERBRMIZITEFTBETERS
CEMTED, MALEMREILGOTLKDTY. FAEHARZEDZFEDORIRIIC, EELGHER
MNTEAHEITHEERE (O TWMEISELI ZEZHKIDMITTNET. Z5LEHRIL, &
LNBRDORAREZIIROLIFOERICLLDTY.

Even in my case, it is difficult to get research funding. It is getting more competitive in the US.
| had studied for two years in the medical field. | was very annoyed by the emphasis on
medical applications, where one had to pretend to cure some disease. Because | am a pure
basic scientist and curious about a variety of things, | believe basic science is the most fun. |
was very fortunate to be associated with great scientists. The most influential was Ed
Purcell, a physicist. | got interested in bacterial motility and so did he, and | learned a lot
from him. He liked to think. | took a reading class from Purcell when | was a graduate student,
and | was exhausted. We started after lunch and finished at 5:30 in the evening. That was an
inspirational experience.

The future? | will keep on working in the same way as | do now. Much of my work has been
done with my own hands, and | still spend time in the lab. | think professors in my
department prefer to find students, who do the actual work. To me it is strange. | think it is a
collaborating effort to work with students and post-docs. | think such people have to become
their own, independent workers. | tend to keep my post-docs long enough (often 5 years) to
allow them to make an important discovery, which they can use as a basis for work that they

will do in their own labs.
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4. BREVCEHFOMEHAE®, ARFHETHRELRLSILILEHYET M ? Do you think
we can have better environment of research if any improvements are made in the
society of research or systems in the US or in the world?

MRELZEFTHICE, BFOMREHN->TEL, DFYFTYHIBENHYET. =2 I1E,
[ES0->TEERIVOVEEYET A ? IEWLSTZRIC. FAYATIE, VEDAIFHERT—F=
DEOBRUMD—1—ANBEU %, BEFEANERICEZ L. LOLBRTLEZ. FADEE,
T DI To’CL\T—fﬂﬂﬂi@ﬁﬁnf*ﬂ&bfﬁﬁn%%ﬁ LZEL7=. Harvard I
assistant professor EL TEELFELZA, HEFRZEFAAALESLTNELATLE:. AR
EEHLL{EVNTYTT5010, BATEREZRILINIERYERATL. SEI5EITE
Azl TNhFET [ThER. TFMREIOHRTIE NIHOHEENBRNELNIANITYT
DITBIDOHRTIEENFEATLE-. 7JHf»fI/T»rxH_tuotwﬁ,ﬁh\nz(’é’é).
FRICA I Harvard BN FELT=. EWVSDIE, Toa7 DEEBETELA LGNS TT.
Harvard [ S AR EC AN HHT, BRTZENMRRAMMZER>TWASMN®HIZ, C2TT=
AT HENGEN =0 F BB LR DN TLEIFER S HYELT-. Harvard ZEEt T, Colorado
X, California Institute of Technology (Caltech)&#->T, EMIZE U Harvard IZR->TEEL
f=. Rowland institute ¥ [ZINSHREFEZ, KEHDEYMDAERE% Harvard IZEDTEN
TEFELz. ZESTUTAYAXEZEZHELTILNT, Harvard IEEDEBE(IRNRITT. EFT
HEEE, EOEBEDILELEALG L EWVTER AL, Caltech [TRBAHRTIC, KENZEICAYUE
IWRITEDMEHZZ>TNI=DT, EIZ Pasadena **I1Z{ToTHB2T, FZTODEETEA
HRIREMENH AN ER TETEoLVEL. ROTETHEMNEDICE, THEEZEDH AR
EAMEDEARIZHZ 1ELVSIBDTL . LWWVRIBTLL ?Pasadena D AR IZETHEL
ARYL, BEELNTTEFRT . A ETHLIAELTNSATI N ? JIEOERIZ,
[Caltech DBURTT LIEEADE, [FN->THTI M ? JIELIBEZNIRHTLS. Caltech D5k
EDIEEFKANBIEWLN AL YT HATY L.

To get funding to do your research, you should be able to sell your problem. For example,
say, “how to make a rotational engine?” In the United States, after the news of the success
of the Sputnik ° satellite of the Soviet Union, science budgets increased significantly. It was a
good era. In my case, | got research funding for the first time in the study of red blood cell
membranes, at the beginning of my career. | came to Harvard as an assistant professor, but
they did not provide much support. In order to set up a new laboratory, | had to find money
by myself, but nowadays startup funds are generous because of competition. | got an NIH



grant for work on red cell membranes, but not for bacterial behavior. They thought that | was
a mad engineer or something (laughs). After four years | left Harvard, because | did not want
to struggle with the tenure™® question. Harvard is a rather arrogant place. If you do not get
tenure, you are considered to be a failure, since they are the best. | moved to the University
of Colorado at Boulder and then to the California Institute of Technology, returning finally to
Harvard. | was able to set up a small lab at the Rowland Institute*7, founded by Edwin Land,
and a larger lab at the Biological Laboratories at Harvard. My wife studies Latin American
literature, and the Harvard library has one of the best collections of material in her field.
When you move, you had better consider the work of your wife. Before we moved to Caltech,
they sent my wife a plane ticket to Los Angeles, so she could learn more about possibilities
in Pasadena®. When she came back, she described Caltech as a “ten-speed bicycle in the
middle of the desert ®”, which is the best description | have ever heard about Caltech.
Pasadena is a city where the people are very friendly, who ask “What do you do?” and if |
say “l am a professor at Caltech,” they ask “What is that?”

3£5:1957 FEICYENHRTHO TAIBHEIRT =15 105 EIFICRMILE. AEOSHH, 7A)HIEE
EFHINTREL aVIEZIT. 7RO 11 EXNAEICEREL=-DF, 12 £ 0 1969 ETHS.

F6FRASNE-EFHREEN, BEEZRTIYRENGHZEIAIC, FHACOERBETHILEMEEELT
BBREBOC LN TESLMEA. TAIHTIE—RIT, BATHLEFTONEEIITHELTETLS.

E7 RSOARAASDFATE R L Edwin Land HY 1980 F (5% L=-8ZE . IR7E (L Harvard XIZFREL, ¥38-
tZ-EHE-EMOLFOMENTHNA TN, BILLY, HARERIIRXRTHERNEEL, HEELEE
BDHENEM = (BE T LAFINGEMT).
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T HFEYICHRICOOYAATET, AYNRAT, HEMST TEEHDOILEMBLEASIELY, EVDIEKRIZER
[ZERBAL T t=.

5. BEIIEDISITEIESINTLVEST A ? How do you spend your weekdays?

HMRETE, RRAFIDFOICEEEESYLTVWET. —FBREE-DTLVIE, e
FOHEED-ODTINARATYT. COTNARADENTT, BRNFEEAELGNVKRETORAE



E—A—QEEGEFRHE TEDLIIHYELE?.

e-Bay *OTHRIVBMBEBEAL, BATRILEFESTREHITHHEDRELXLELT-. £HF
Z<{BoLTHREMELLZ ZDIZH T, ThENESELA 90 ERLGLFRZERLN-RvbE
BLTRET HE, HFORSEEEDARZMAENTEFT. AMTEOTEEREEN DT
REBHAASZFE>TEBZHEMLET D, BN SENREAEFEEE THEZAIREICLT
WET.

In my laboratory, spending time building instruments for my post-docs. For example, one of
the last devices we developed, which turned out to be very useful, was used to observe very
very small gold particles. Now we can study the behavior of the bacterial flagellar motor at a
very low load, near zero?. You go to e-Bay '° and buy a Nikon microscope at a cheap price,
and then modify it by drilling holes, etc. When you illuminate a gold particle and divide the
scattered light into two distinct paths, which pass through slits placed at 90° orientation from
each other, you can detect both the speed and direction of rotation of a gold particle. Other
people use high-resolution, high-sensitivity cameras to analyze the movement, but we use
just a little hole to look at the light, with photomultipliers.

F10: A 8—RYMBERFEPHT =V aVEFNITHR4.

6. EEDHRIIKEFTA—HRAINTVDEDIETTM, AT TEONSZLEEHYFET
M ? What do you take care in order to do focused research?

TATTPIEFEITENSRBDTY. ADTRNARIE, EIZTHKHAREANTHOTFEBMNTILT
TH. 5T NIE, fAIDNERIST, PATT7HREFENTEFT. FAISEMMICH LV EEICTF v

LoPT2ONRFETT. RABOELZEEYHLVDLVITT. ChiE, HIOEBOEDTTAT

THEENT, ATHEICHES-DTI. 145, E—4—DEDEH MNEELTLSDMNERLSH

[LESEEBRT, CUVT DEERE, BAZAVWTHRETORAEHRDEL. CHIFETHEL
CTREIZHBLTOWERAD, WWTATTREER>TESERMYBATHET. TTHRDHIC, 5T
YIRADIN—TAJIVIZHABREERSE, RBIEEDRELOERFERETHL, TV
EHCEAHFDERENSFELI-LDE—HTEHIENADLMNOT, CHIEITIFESEZERLEL
f=. TDOEREEZR T4 (Linda Turner 2'") A%, Alexa-Fluor [ BB LIZKWL\A S E->TH 1=
HEIM, ELVIDTY. TNT, 2o THDE, RBITT)—FUTENTTHRABEILALN | 74
I, RAEBMMEDOINILOBICHERE, EFPOMBELRRTELOTEHRLIMN?ER DU
RTY. BHICKEK, @EOIRNIUT L, MEBRERICHTILELZ. S5LHKRE, ELOTAET
1EVWET LR HEKRRTHIZT7AT 7%, AOIEITFES>THINT D, —ROGNYDAEL2



DOIEN, HALDENLTOLEA>TSIRTY. 122, ELUTAETATHELNDIEST, |
EEICEETFEFREALN.
VEHOO—ZFARMIEIAREDDENLGNENSRT, WNIHAARATLIz&. BARAEHILL
=25 RK (Edwin Land %) [X&ETHBBEAMTLIZ. FADZFEE 257z Steven (Steven Block)
X, JKERLTHRZDHAREHELTNELZOT, RIZA—FFRARFRIZET, HARE
DL EIFERITTNGLN ? EFATERTELVELZ. EhonhBGl o, XED YD
MEEES L(F-LEDIETY. FABIEKERIC, XEVEYMDBXICEKEFLELT-.
Ashkin (Art Ashkin) DFEXHHE T, ZNIETILIToAA DL —F—(FRE) EMEICH TS,
KORUED (ZERFET D) DY, FRHD 1064 nm DIHEHTHE, KDZEFEINGHATTESICNS
VITENBIENDDo=ENSBETLE Y. A=5IXFDRTICEELT, Steven [E Land K
DETAHIZITE, BAICKL—Y—EBT, TOBEXRICIZHRX VORICHZ55RBNTED LS
[2H21=DTY. CAKRIZ—ESEEINESNE, FAEAMBELNELDTTH, KiRIEEH-
, FIEEICABILIETEFER AR, SUFRIESOHIZIEE VERA. HERITIRE,
junior fellow program 4T TWET . FAIL, CHIXETEVWNWTATTZEERNET. ELAMNS
FHR—IER/{T, AITEOYENIEEZONS. EROTEELBITTMEDT, $I00FRL
TY. =1L, FROMEBIES THREBZESGLLGTNELGYEEA.
Ideas come in funny ways. My advice is to just get into the lab and do something, and then
something will happen. | like technically difficult problems and challenges. A classic example
in my lab is the fluorescent labeling of the flagella®. The idea came in the middle of a
different experiment. We tried to understand which part of the motor rotates, and attempted
to detect C-ring rotation by bleaching with polarized light. This has not been successful so
far, but | think it is a good idea. First, we did control experiments to detect changes in
polarized light scattered from latex particles cross-linked to a fluorescent dye. The
observation was as expected, from rotation of the particles by Brownian motion, so the
method is promising. My colleague, Linda Turner ', watching the experiment, said, “| have a
dye called Alexa-Fluor that is supposed to be hard to bleach, so let’s try that”. Then we used
it. We pushed the button for bleaching and nothing happened! We thought that we could use
this dye to visualize flagellar filaments. That worked on the next day. This is called
serendipity. We are sitting in one situation and, wow, maybe we can do this for another
purpose. It is hard to write this in a grant application.
In its early days, the Rowland Institute was a paradise. Land ', who founded the Institute,
was a very wealthy man. Steven (Block) had been one of my students, but he was spinning
his wheels, so | asked him why not come with me to help set up the lab at the Rowland
Institute, and he came. An example of this environment is how we set up a system of optical



tweezers. On Tuesday, we became interested in a paper on optical tweezers by Art Ashkin®.
It said that cells were opticuted (blown out of the water) by a green argon laser, because
they absorbed so much energy that they were vaporized. But when using infrared light at
1064 nm, cells were trapped safely without any vaporization. We were excited by that, so
Steve went to see Land, and the next day we got the laser, and then by the end of the week
we were able to do publishable experiments®. Once you got interested, you could just do it.
But that is not possible any more. Land is no longer there. The Institute has a Junior Fellows
program. | think this is a very good idea. Young people have five-year’s of support and do
whatever they want. Senior researchers help young people, mentoring them, but senior
researchers have to find their own funds.

i¥11:Rowland IR AT THEEIESL L I(FRMAL—HITHELTELTIZ Vv,

FE12: AV RIVMNAST—HEZRELIZARSOARHDEIRLE. 1VRAVMAASIIEAFKBA -HEL, S EHIIL
LTHAICERSET-.

7. INFETIZZLDEBFLHRBELZEFTCCIONELD, AFELBTEER[MTTAN? You
raised many excellent scientists. What is the key to this success?

BR ThRAENT D, DEYBILLIMEEITEDHIETLELS. Steven KNRULMITY . HIEETH
B{TRLTEDDTEA, (BIALTHICIE) RIS BETLIz. #A Colorado KDFADIAFE(C
WBEE, (FEAEDBER, N Pa—ZBOTBILTUOELE. £KDRETIHITHE-=S
ELHYET ! LA, FAHS Caltech [ZF8DEE, WITFHNTELDTTA, 15 AEEo=-&E
WIZFHMESZESEL-. TSteve, BERCOHAERT—IZRVEP>TLSIThES, ECICTAMD
TSSO, (4-57AKD)SAETICHREHIGTNIE, BIEOHEIRER ! )
WIEEDFMICTERICOIVIEZTELIT, TN —IDITHET 5LI1TGYELE. ZLT,
(COEKSITE-THLL, BRIOBFEEZ TEL 28I WMIFETHRIZEBML TS ZEST
9.

BRDEFXRDT5IZE, BEAMIEZEDTY. EAMEPLYZLDONIDLEN =D TT
B, (SHBIRVIFDIE)TCLAZTNDN RN 2L TT. RUDEIFWAVWALHARSHEZEZAF
Li=. ENSHO T, KFE1ELEDEEIC Linus Pauling DIEEDEZREZ 1T, ERIZERELT,
ZFRRICTUI—IANTOT, AUV BLEICTHEWELE. FAT, ERZORMEIRAIER
ELZELT-. Harvard DEZEIZAST=DOTTH, 100 RICITEKBERIEZEBWNEL-. 1EFhh o
T, BERIEREESBIRZLIZON KIS MYEL. ZLTHEBICE>TEELE:. #BRE
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LTWANALGRBHEER L CTRFATELIENM BRI RN EBVEYT. NITUTDELH
ELVSIT—RIE, TNENDRHFTREALIELZIGHATESNDT, £V T—VICHEA TR
[CEELS>EBVET. BEABEH LT RL—2arTEL* " hIF TEhD. ZhETIE, Kl
HKIEOBEDHEBZLTVWELI-DT, 3NV EICHBEREE T ORRGERILEMEERLE
Lz, BERZHFEE4HILT, EEBEORGHILEMEE-T, HIEBOWNERFITESLSIC
LELz. IRNIWSNGNIVNTEETRNILDAD I INGBER 8T 518, FIMEKEZ /D
BD&#D SDS-PAGE #0YFELTz. INILENDLDOINENEDAH>TEEMN ST
v,

T, 12PLYEFYT, TEOSFEMZEICEBROHAIMEMNLI=GYFELT . Julius Adler
FUZFHEZTT, NOTIVTOBBOMEEBOELTz. LOBFEICHIBTLZKSICRNET.
MBEFES>TN\ITUTDITHZARTHAEEEHFYEHATLI-. Random Walks in
Biology #'° &N ARFENT, HhEi(diffusion)EZIF5ELELTz. Purcell R EMSRALIEER
YANT, ELELT-.

Harvard [Z"The Society of fellows”&UL\54 M &1#I4 57 (intellectual club)h3&HYELT=. 3EM
DET, 7THTIVII—L(EH) OF, ABBDORICHAEISNSGTAF—IZSMLTERMAT
LWFELEET AT TY. EMDEEEZTARTEHYFEA. EEIFEBLVT A EENTE
F 9. Purcell &4 (& senior fellow EFEIENHEE T, junior fellow ZZSZENTEET. HD
BT4F—DRIZ, THEDFETHFENT, SHIZTETDDFOILMERERDLITATTHN
FEMUFELT. Purcell EENRKANIZVHHVT, AEBOERZESTNIEVLMEZFELS-.
FNF-BIIAREICIT>TERICT AT 7L, I/ Tl “sedimentation field-flow fractionation
GRS RE D EE) " EMFEIENS A EEZRFELELZ. Chik, BUOVBEOBEZAVWTHYF£H
(12HETTH, COBEDEES) A —KOBLDO—F—ORAIREICESE, ROIZKYAE
HENTALEKIEZFIRALTEMD D FERHMI ADTY. £ERDFOBTICHLEALEM
21=DTIH, BEBLELNLERDFFO—F—DKREAICHKAELTLEL, SEWEFHATLE:
(COFEITIE, KOIIGHEEFODBLKREINDE).

IR Purcell £ ICHEST=D(X, course work *'°Z X TR UM EDIEEHREETZEL
TWWSBFTLz. RAERITEWVIIITE, REREFIFELTOSIMEREELS . Purcell ££IEXT
TIZTNMR DHERICKY/—RNIVEEZELTWT, ZEL(SANDERBSTULVELEA, X
B ZEREREZFODTOVENEWNSDTY. B ? EEKE, T122T, RICEEHELE=SL
WS MBENCHEND ! & ZOBEAICRIEESTHEZTEL. BASDLLENELILDS,
ZIIFADFEIEHDDTLLOIM? ZLTIEERDEEL. ALY 21zDIX, Mg
DFLLDBHEUYRKILET, ARETRILHEWVWEREZEBSICETIEIEMN =D TT. RIZFAN
NITVT DITEBDOMEZIEHTH S, Purcell FEEICHEADNIT T DEEIDR{E (1880 4
fXIZ Theodor Engelmann [C&>THwrEEh =) ZREFL-. HITEKREZF>TNT, FAf6(E
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NITYT DT DWNVTRGERLEL=. #IX 1977 &£ 1 B, American journal of physics [Z
LI IR ERX (classic paper) #EEELT=. 44 ~ILIE Life at low Reynolds number’®©
T MIECDRMXEECILET, SVOQHADEYIZEST, Mg AP TR EIE—FREALT
RO ZEMBLEIELFEL. SUVORBTIHBEEIIERTE, MNP KREHNTEFRT.
Reynolds number(L A /LX) (FIBEMEHERME DT, ZOO OB MEEERERT
BELGYET. SFGKSIZE, BEETSVVEERBZ EFICNETHIENDELDTY.
Purcell £ £ DD HBEMREIFETHELISI-TT.

You have to develop your own way to become an independent scientist. Steven Block is an
example: he is a very clever fellow and he needed time. When he was in my lab at Colorado,
he spent most of his time playing the banjo. He came in second in a US banjo contest!
Anyway, when | moved to the California Institute of Technology, he came with me. After a
month or so, | wrote a letter to him, "Look Steve, you have been working on this problem for
a long time and you have not gotten anywhere. If you do not get somewhere by May (4-5
months ahead), you should quit!” That shocked him, and he has worked like a mad fiend
ever since. And he has thanked me. It takes time to find one’s way in a field. | profited by not
knowing what | wanted to do. | started out in physics, but Linus Pauling taught my freshman
chemistry class, so | switched to Chemistry. Then | went to Denmark and discovered the
world of protein chemistry. Following that, | decided to take a medical degree. | entered the
medical school at Harvard, and after 10 minutes, | realized that medicine was a mistake. It
took me a year and a half to figure out why | had made such a foolish decision. And after |
understood it, | came back to physics. So all the cross-field education has paid off. | was
very lucky to find the bacterial chemotaxis problem, where | have been able to collaborate
with myself >

Before that, | started to work on red-cell membrane architecture, synthesizing organic
compounds that were covalently bound to protein but had different charges, so could or
could not go through the cell membrane, and thus could be used to distinguish the inside or
outside of cells. To sort out the unlabeled and labeled components, | did the first SDS-PAGE
gels on membranes. Some proteins were labeled, while others were not. So that was
interesting.

Then | wanted to do something a little bit closer to physics, relevant to the molecular biology
of behavior. Inspired by Julius Adler ', | began working on bacterial chemotaxis. It was the
right time, early on. Not many people at that time studied the behavior of bacteria using

*15”

physics. | wrote a book called “Random Walks in Biology ", trying to learn more about

diffusion. | used a lot of things | learned from Purcell.
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Harvard has this intellectual club named "The Society of Fellows". One is elected for a
three-year term, with the understanding that, during the academic year, you come to dinner
on Monday night, and sit and talk with one another. People bring guests, interesting people.
Purcell was one of the so-called “senior fellows”, whose main task was to elect the junior
fellows. We got an idea after dinner one Monday night about how one might separate
molecules according to their equilibrium molecular weight and also determine their diffusion
coefficients. Ed struck the first spark and | realized how we might actually do the
experiments. So in the lab we worked on what is now known as “sedimentation field-flow
fractionation,” where molecules sort themselves out in a thin layer of fluid moving down the
inner surface of a cylindrical rotor in a centrifuge. We wanted to develop this for biology, but
the problem is that biological molecules tend to stick to the surface of the rotor. One needs a
solid surface that behaves like water.

When | first met Purcell, | had finished my course work '® in physics and was looking for a
thesis advisor. | went to see him and asked him whether | might become one of his graduate
students. He said that he did not have any graduate students. (Never mind that he already
had won a Nobel Prize for the discovery of nuclear magnetic resonance!) Gee, “Why is
that?” | asked. He replied, “Because | can’t think of anything to do.” That just wiped me out. If
he could not think of anything to do, then what hope was there for me? Then | realized what
he wanted to do was to open a new field of physics, not just do the same old thing in the
laboratory.

Later on, after | had started working on bacterial behavior, | showed Ed movies of early work
on bacterial movement, done in the 1880’s by Theodor Engelmann. Ed got interested, and
we thought a lot about bacterial behavior. Ed wrote a classic paper published in January

"6) He wrote

1977 in the American Journal of Physics, entitled "Life at low Reynolds number
this paper to try to understand what it might be like to be a microscopic organism swimming
in a viscous medium, where inertia is negligible and viscous forces dominate — the Reynolds
number is a measure of the relative size of inertial and viscous forces — and where success
depends upon learning how to deal with rotational Brownian motion. This collaboration was

great fun.
F13: /U212 —TRBDIZHESI-—ETHS.

3¥14:Wisconsin KDEIZ. £ILZEEBIZENEMT, NITUTELRERBEDON(FZ7.
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F15:HEMEMRITETEI0F Lor—0 ] ZBRZHIRE (bLWAYHEE), KAERRERBOFARELE
AEIRENF-. EEMYRDFLA NS, 19944 (2 Berg ELEIZHD THIRDI—T 10 TERVLEKIZH AL
TIALV=.

F16:. REREDBEREZ T TEMZIMSR TN IEAESAL.

8. HAIVRX—MRT, EDLIGMXMN oL IS EIRELE LN FEI H ? What kind of
articles should be judged valuable generally in science?

ERLLGHIRRNIKRETT R TILEMXIIFNEDITEN THHREMIEN 557X (classic
paper) 2 TWNEFET. VP TULMFITEZIE, DNADZERENHERIL, HHELSIHER
TIR. F-bDEZAEZEASIKRELGHRETT.

DTV T DITEIDOMRZIRDTLURE, BROHARELEHL->TELNEINEITMYFEE
A, MOTIEI—BYNNDRFAIILERIL T, ZRPOHMREFIA>BYLEZESIVFEETLZ. L
DLEYMMBZDREFIE, REXKXEEDISIBBEVAZELLTESLVVEEICL>THHES
nTEFEL=%.

There are a lot of very fundamental discoveries. Those become classic papers and
recognized after some time. Some are obvious, like the structure of DNA, for example.
Those things changed the way we think about the world. | do not know whether Japanese
scientists have changed much since | began to work on bacterial behavior. Japanese
science is very structured, modeled on the classic European style. But this field (biophysics)
has been inspired by extraordinary people like Fumio Oosawa, who believed in younger
people.

9. INFETOMETHLH>ELTBE THRLIFML TSI EIEATI A ? What are you proud
of or what do you think was the best thing in your research?

INITUTHEH T HEEDEREALNILI-CETT R, SUFLDA—VITINATRED TS
ZET, AR EANEEDREBZRDIT-2ETLES. TH, REIF Y ATAUTEo12D1E, N
HTFVTRAENERICEELTOSIEEZBALMNILIERTI . 1973 EOHETY. BED

(X, 20 1973 £ Nature DERX "%, £MFEILSIALLEWMERIZHDZETT. HDHXT,
=B EMMBDANDEREROEZREZHBHILELZD, MINERELTEOERERELI-ERT
EHYEEBA. TD=HLEON, £YFEIL dishonest *'7 | EBSKS5TYT. PEETE, BRT
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FELEHEINFT. HRRIEIERRICEAGERNZZONLIMNEEET. (1973 FHEFD)
EMEENMHDE, EMFIZEITHEHRKILdishonest scientist|[CRZS5K5TT : 71T 7
F&L, RBRIEBMTHLE. HAAIL CORMIXDIEZTHRFEDEIZEEIDTY A, FAFID
FTETHHFITBRARNGEBNTELEES>TVET. BARDARLIZESTIEZITANL =M
f=hdEInFELEAR. ELVSDE, BARTIERAZIFHRORERZEZEBZONTVWELI=MNG. 7
AJADZEHETLYS, "they were working on the wrong end of the dog *'®"TY". #I2%>T
BLTNEOTID, HEEER(RAEHMEZTOLDISERSDLBANHLEEL TV -0
T)RAENEEGT HIEEMO>THFEYICHLaVIT, 2ERMRAEOHARERMYTSE TV
ZI3TY. INCEINSGHTALEEZA-AERRITT.

| figured out the strategy that bacteria use to go up a chemical gradient, the biased random
walk. But I think the most exciting thing was figuring out that bacterial flagella actually rotate,
work published in 1973". But you know, a curious thing about that work is that biologists
tended not to refer to the paper, because we did not do any experiments, we just explained
the significance of other people’s experiments. In physics, a theorist is highly revered. He or
she tells experimentalists what they might do. For biologists (in 1973), a theorist was
regarded as a kind of "dishonest scientist '’:" ideas are cheap and experiments dear.
Some people referred to our paper as a “review”, but | considered our work to be a
fundamental contribution to the field. It was kind of difficult for people in Japan, since they
had regarded a bacterial flagellum as a prototype of muscle. We had a saying in the United
States, "they were working on the wrong end of the dog '®". Asakura sensei told me later that
he was very depressed, and hence stopped working (on flagella) for two years. We had
“‘changed the paradigm".

FE17 EBREEEMMTNEL FLOBOZRDF=RTEHENENSIBOAHSTLELD. Berg L4 IL, YIEET
[FEHBEN—BEL, LFELTVWEL:. EREFELEBHZEORADENE, COEETREIZRLTLVSEL
SITRLELT-.

F18: R RICHE--EREELTWVIEEICESIEEZENIL—X.

10. F1-ATPase QEIEENFE R INT-RF, ESFBLVELT=A ? What did you feel or think about
when F.F4 was shown to be second rotary protein in 19977

SEEITEEBIZESDTWAERNWELEEEL. FADRRICALELDIL, FoF1 D A=BIEIRAZEDTY
—REIL P OREEHFYSIALLENWESIZRZSHIETT . RAEDRIEIF23ERIZHALH
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[CENTNADTI NS, FoF1 DRERENITITRAEDHBRICEVIZEBTLSDIFHEMNTL
£9. COERNHo1-LE, EXERDALEIEFLOBEETT IKEELTLVCEEZREATL
F9. N\ITIVTDEHE, LEAAEZLEERIHYFETH, TNIFETHEINTEFEATL
1=

TH—Rt)LDEE V7#2°1%, AT ravhR (TS LBHE) EFE->TITVELE. - X5
BEFESTIRILF—ZHESERRLISELELD, HLM 2T, ANLTFaVARIEREE
REEEEHT, RENLE-TOM BB NERHET HDIZ ATPase ZE>TLVEY. 22T, 20
BDRAEZFBESELIELEL. BEOMAEZRAW-OYA TGS, ASRADKREEIFE
HIZFHIETRATHERAENTBETHIEERDITFEL.. TNIE/NSHTARXTLIz& ! B
AEFRELEZILROBEKRZF O TOEL:. RICEL-HMEEOLEELEELET.

Oh, that was perfectly reasonable to me'®. What | did not like is that people working on F4
ATPase tended not acknowledge the fact that bacterial flagellar tethering experiments ' had
been done some 23 years earlier'?. Surely, F.F; experiments were inspired by bacterial
flagella. At the time of the F,F1 experiments, | remember people in the medical school all
excited because of its medical relevance. Bacterial motility is, of course, also medically
relevant, but it has not been as highly regarded.

In tethered-cell experiments “°, we were using Streptococcus”. We tried to de-energize E.
coli but it was difficult. Streptococcus does not respire. It grows up using glucose as an
energy source and utilizes the ATPase to generate PMF across the membrane. So we
wanted to tether it. We silanized the glass surface to make it non-polar, so that the flagellum
but not the cell body would adhere. It was paradise! | had been interested in surface
chemistry for a long time. Cell membrane work is related to that.

;¥19:Berg EAEMNBEZ-HERAEDESR(E, 1EHED 1974 F£(2FKREIN 1= Silverman & Simon [2&3, TH—
R DERBTIHERINS: ). RABEHSZAKREICEELTFS—FtL), BEREEGESEIETIHENOE—S
—DEEGEHETHENTES. Berg 4 (F, BSALRASAIZES 1997 &0 F BEn R ik, 7H—F
T ILDEERIZEE X Z(F1=(inspired) D TlIiELIMEM>TELNT=.

F20:-HEFOBUMEAN, F [FTEETTH—FEILDIIITHARITIKESARET D EEALY, ELVDE, Berg
FEE, ENEIREATHRDOT S —FRILEEIREFARELENLE, EBEAT, TORNTIDFEEELLST-.

M. ZREFI=—VTHBANGETESLLERPRAIZEENTVAERNET. BEICHLT,
® (&) o2 -EEFHYEITH ? | think you also had excellent colleagues of
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friends who are also very unique and attractive. What are the influences they had on you

and your research?

Purcell &4, Pauling e D Z ADZEFELELI=R. ZAICIFTIKEEERITEL-.
James Watson **'[& Harvard D RMETT A, BIXLKSATF M) 9o TL . $HIZ(E DNA
DEENEELGFETHLILFRIEKEV AN HY, Francis Crick EERSFELNH>T, ZA
(F—HEICCOFBEMRTHI LA ERXRFELS. Watson D“Double helix’ ELNIAR, ShIETR)L
25409012 1ELVS AENBITNE, ETHEFTIESLLVATT. FAIKXISL o= FIEBLLVATS
FHELHO>TVET. FELHEBELTIFERCOLE>ERWET A, EDRM Crick DR THEZL
lERHYFET. MoDFHDIHEEEEFLELI=&L. Cambridge, 1966 F == ?

| told you about the physicist, Ed Purcell, and Linus Pauling, who taught my freshman
chemistry class. Jim Watson?' was a colleague at Harvard, but he was rather eccentric. He
had the sense to realize that the structure of DNA was an important problem and the good
fortune of finding Francis Crick, so together they solved the problem. "The double helix" is
one of the Watson’s books, and some people say, it is "pornographic”, but it is a great book.
| have known a number of such people. For example, a year or so after my wife and | were
married, we spent a summer (1966) living in Francis Crick’s house in Cambridge, England,

taking care of his children.
F21:Ehdélniz, DNAZESHADEKRE.

12. Berg St £ (FMMDE, 1A FTUI—ITHERRINTUOETR. TAIHZHNTOHEIL
ESTL=HA? Whatis it like to leave a lab and continue research in another country

such as Denmark you have been in?

ETHITLyLalE Ll REINTSAMRZELLTARUN—TUITEEL. Tov—
JIFETHRFTTLT, FESLLVEZATLT=. FhlL Carlsberg D#ZEET Linderstrem-Lang *2
FRAEREEZELFELE. BYDORFBITIEE—ILZEELTVT, IRETEHE—ILITEN TLE-.
Linderstrem-Lang A TIEEEE, N\A A ZHE, HIIKAMWNV L BEETHEANTOT
WELE. BIXERAE BEABVETLE. ETEVLWWRETLE. SO /T4 H)L 728
1FE, EYHDEDTLIz. Fht=BIE/Y), LATY, AVRVQISRY— LIRS, 72Ty
CORN)ZTAhL P EF—FILALYDZERRILELT:. TOBIET 2 EMEETBILTLE
21=DT, BFEWFITTZUREE) ICHEZEINGEISF-CLERBLTVET. EILSTUTA)A
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DXZZEMICLTVEDT, WRIFTIURE, ANAUEE, RILMIIVEEZEEEET. Kis
—HIIRE T HEZSWEIIHYFEEATLE-.
It was very refreshing. | was a Fulbright student in Copenhagen. Denmark is a very

enlightened place. | worked with Linderstrom-Lang**?

in the Carlsberg lab, across the street
from the brewery. In the lab, the beer was free. Lang painted pictures, played violin, went to
the countryside by bicycle. He was very open-minded and free. It was a wonderful
environment. Our sabbaticals ?* also have been rewarding. We spent time at I'Institut
Pasteur in Paris, in Leiden, in London, and at Cambridge: in Trinity and Churchill Colleges. |
regret that | have not spent more time learning languages, especially French. Perhaps, I've
spent too much time in the lab, where the language is English. My wife speaks Spanish,

French and Portuguese, so when traveling with her, there has been less need to learn.
E22 . EKFEHEDAIIRE. ARV /N\—42® Carlsberg lab (A /U EILZ D AvhELTHONS.

23 BHBTHNA-RIAKRBOZE. BATEIXRZFZHEIZBELWTREHODNTLWSHET, 2LEERN DO
REAHMNFTHEISRET DEFELTEDLOATNS. BATHLRELNDKIIZEo =

13. SHDOWMED BIEZATI M ? What are your direction and a goal in your future
studies?

FEEERAEE—AF—DILEMYTNTT. EQOKIIILT, E—2—LMEADMDS RT
LM DIEMN>TLADTLEIN ? GEHIEOBEANLFLL, BLFHREINEILTEHIDTLL
M7 HohTWABHITHAIRE, ETIVAREDRINAEDRRL, GEBRAEDREAHEE
SNDEFEINDIDN ? LSRR TY. RBIZELLDI(E, T—F—([F AN/ HY—T, EEx
EEMETTHEHLLOMLIREI—IIMALTLS Y, E5LT? FESEHEXIEVITA
E, W REICEZAEFHLI-LWTT .

| really want to learn more about the flagellar motor. How is torque generation by the motor
related to other systems in the cell? How does the cell change gene expression when motion
is stopped? A classic example is the expression of lateral flagella in Vibrio, induced when the
rotation of its polar flagellum is inhibited. We know that flagellar motors act as
mechano-sensors®, but how is this information utilized by the cell? | do not have any
answers yet, but | would like to figure this out.
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14. EREDFEVOCKRZREDRE FLETEIFEDYELI=M? Do you think
undergraduate and graduate students in US have changed recently? In what way?

Harvard & Caltech TIXZEDFTHELAHN T LVSAEZWET. Harvard DFADEETIEX, KEBRE
(FHEOBITNGIELICHFEYEGRERLERA. HEolEO0—=0 000 —0I 0T irE
T, AAEREICLZENPYTLY. FHTENDLSITY . Caltech [TLV=T5, MEDKEREZZIT
FoTWELEA, old Harvard &IE WD SAEST-PYATIIESN T, BILTEATLE
L1z, BRGCEIC Harvard DYIEQOZFEE, DTvbOERECHMNA>TLEWVNET. YEZESE
(FEMZRICEFLETH, BENELIERLIETBR(BRSHIL fac) BHFEYIFETIIGLM S
TY. EYEFELEDHLFMT, RADIEMNKEAHBYFET. §BAE, EHEDEIZES
DULRMWMBEZZSHRAZENMNERN G ERVET. 25T NI, 2oL AMFEEFERNE
Lfz. RICIESTHL, E3L2F=EEZ2SDIFHLLNTT bR,

Caltech WA (XTHAMTICIFEENHYETH, TRLNDOZEIER M BELY. —F T Harvard
DEEITTVSAZHRTT. FADOREA Harvard DFEETLE. BIZAYD AN=EMBHE K
FHEEZITTOELE. BIENUDYFDRIARR (QAATA—Z432—)IZEYFEL. OAREIC
[EMDTERISALEVSIHERADRARINNEL. HdLE, SEEETHEIC, SO
[CERIC/RSGVEBNGENE, ELVSDELBEREYVEVDAD T TEKKIGRID L av IR,
ELVIDTY. RATIEAVICRWET A, RIEEER/ T AJAIZFZ-T, North Carolina [Z5HFA
TWET. £50L A (& Bob Macnab **° BB ARARRAR VDM TILELHFELE>TLSEERN
FI &£

Harvard is very different from Caltech. In my department of Harvard, graduate students are
not really interested in things that are mathematical or analytical. They like sequencing or
cloning and all want to do all the same thing, like sheep. At Caltech | had graduate students
of physics who were trained in a very different way, who thought more independently.
Ironically, graduate students in physics at Harvard are terrified of anything wet. Physicists
have trouble with biology, because they do not like facts. Biology is an historical science,
with lots of facts. | wish | had stayed in physics longer when | was an undergraduate, so |
could have learned more applied mathematics. It is difficult to learn such subjects later on.
Caltech and Harvard undergraduates are very different. Caltech students do not understand
much outside of technical subjects. Harvard students are very broad. My second son was a
student at Harvard. He was influenced a great deal by the people around him. He became a
Hollywood comedy writer. | had a postdoctoral fellow from Japan, Ishihara san. At one point,
Imae sensei ?* told him that he had better get back to Japan, otherwise he would not get any
position, because one cannot work for people younger than you are. It was kind of strange to
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me, but he did not go back to Japan and remained in the United States. He lives still in North
Carolina. | think Bob Macnab ?° holds the record for hiring Japanese post-docs.

F24 - A HERFEEMD FAYMEROBIRIZ S-S REMEE (1993 Fi8). NITITRABEELEDOHE
THAZESIL, 7AHIDLEDRAN V. EERMYF O CME) FEFIEEEZZ T -REOZEE 1=

;¥25:Yale University ®Z#Z1->7- Bob Macnab %4 (2003 Fi%). BILERDIHREEFRFI—IELT, KA
JAEAT—DEHIAZFELOAHBBDEARANDRARIDNEDOHAREECHREFTERLALL.

15. IO RELZBIRTEBICDHELILIIITATLES? What aspects are essential for
the young people who are trying to become scientists?
HIET-NERTRE DIz, BEVWERIIELEMRTEHLE, TELTRDLIGFEFYNDEILE
FAOENIE 1 #° BADPYAERDITEIE. LLHEDNEYBERCEEAHDEL(E,
EVRICHEREMALIZADLD. FIYERETREZ—LT, TNOEYFEEESILE. £
DAEDNBRBEERMEIENEY. ZLT, BEAMGHEBICEPLTZSN. RADILEFRICLEA
WTWOWERWET K.
Work on things you find interesting. Do not listen to old guys like me™®. Find your own way. If
you are interested in biophysics, you had better learn physics when you are young. Master
physics first and then study biology. | think that will be an easier way. Concentrate on
fundamental problems, and do not worry so much about applications.

F26 BEFVIS—HEEAROEHASIAIL, COTL—IANETHHIRIZET-EDTL.

WD TLIEEN 2 AU AE 1 —F R A THIRIZES =D, TERAN N> THEILLIZHAREIC
15%2&, TLTHEDRAZHOMNITEIMRET S L1EWVIAvtE—DL, FFETFLG R FE
ML CE-RBREENLTTBEREDHERMRIZT HENTEIEVOIBETY. EFTY
F—IEEREEBE NS F—T—RDTIZ, BGST=N\VI T IOV FOMRRENEFYSF2—
MRE/ACEZARELTVLET. WAALHRZREBRL-OLIZBEEOHMRAT—ZRDIT,
EBETU ) —DRHFIZZREEMRESNT- Berg T EDZRBIIF BN EOREZEETRET D
DIMELNFEHA. RAEDEIEZHRICERBALT- classic paper M ICH TS ETI0ETTH,
SUVEPRAMBOMEEZHRITTEOND Berg TENSDAvtE—D, TEGBREZZ KB
A DHREREANTIZE, EFYOEI/NEFEANTIC, BREECTREEHFLGILIE
Iz, FF=BLTREZNT TR DT -ERVNCEIZEBOMNTTITERELELD !
How was the interview article? The words that touched our heart were “Become an
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independent scientist, even though it takes time, and concentrate on the fundamental
questions”. Moreover, it was impressive that he can do collaboration with himself, because
he experienced a wide variety of fields. Members of the Biophysical Society of Japan are
scientists from a wide variety of fields with different backgrounds, but we are united to figure
out the fundamental problems without limiting methodologies. Professor Berg’s talks exactly
match this atmosphere of our society. This year is the fortieth anniversary of the discovery of
flagellar rotation, and Professor Berg is still actively working in this field. We will go forward
with Professor Berg’s message in our mind, “Do not listen to the old guys, and concentrate

on fundamental problems. Find your own way! ”.
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