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Feeding the brain and nurturing the mind:
Linking nutrition and the gut microbiota
to brain development

Manu 5. Goyal™', Siddarth Venkatesh™<, Jeffrey Milbrandt®®, Jeffrey I. Gordon™"2, and Marcus E. Raichle™2
Neuroimaging Laboratory, Mallinckrodt Institute of Radiology, Washington University School of Medicine, St. Louis, MO 63110; "Center for
Genome Scences and Systems Bialogy, Washington University School of Medicine, 5t Lows, MO 63110; "Center for Gut Microbiome and
Nutrition Research, Washington University School of Medicing, St. Louis, MO 63110; “Department of Genetics, Washington University School of
Medicine, 5t. Lowuis, MO 63110; and "Hope Center for Neurological Disorders, Washington University School of Medicine, 5t Louis, MO 63110

PERSPECTIVE

Edited by Ruslan Medzhitow, Yale University School of Medidine, New Haven, CT, and approved October 6, 2015 (recened for review June 12, 2015)

The human gut contains a microbial community composed of tens of trillions of organisms that normally assemble during the first 2-3 y of
postnatal life. We propose that brain development needs to be viewed in the context of the developmental biology of this “microbial organ”™ and its
capacity to metabolize the various diets we consume. We hypothesize that the persistent cognitive abnormalities seen in children with undernu-
trition are related in part to their persistent gut microbiota immaturity and that specific regions of the brain that normally exhibit persistent juvenile
(neotenous) patterns of gene expression, including those daitically involved in various higher cognitive functions such as the brain's default mode
network, may be particularly vulnerable to the effects of microbiota immaturity in undemourished children. Furthermore, we postulate that
understanding the interrelationships between microbiota and brain metabolism in childhood undernutrition could provide insights about responses
to injury seen in adults. We discuss approaches that can be used to test these hypotheses, their ramifications for optimizing nutritional recom-
mendations that promote healthy brain development and function, and the potential societal implications of this area of investigation.

childhood undemutrition | gut microbiota development | brain development | brain metabolism

In 2001, Raichle et al. published a paper in results in impaired cognitive abilities that are (microbiota) and its genes (microbiome) (Fig.
PMAS describing the default mode network often not evident until the second or third 14 and Box). We propose that understanding
(DMMN) (1). This network consists of discrete, decade, including effects on behaviors, such  the relationship between brain development,
bilateral, and symmetrical areas in parietal, as self-control (4), that are of critical impor-  metabolism, and assembly of this gut “micro-
prefrontal, and temporal cortices of the hue  tance for a successful and productive life. Nu- ] organ,” with its capacity to transform the

man, nonhuman primate, feline, and rodent  tritional status in infancy and childhood 5 fhods that we consume into valuable cellular EEER
brain (2). The DMN consistently decreases typically defined based on anthropometric —
its_activity during the performance of novel.  measurements (the extent of deviation of

building blocks and energy, will provide new 3 |
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B Wild Bee Biocoenotics in Sdo Jose dos Pinhais (PR), South Brazil.: Preliminary Report
(With 3 Text-figures and 7 Tables
SF Sakagami, S Laroca, JS Moure - ( FE8582ERIE D JOURNAL OF . 1967 - 133.87.26.249

Methods 1. Area studied: Regular samplimgwa ade at a secondary grassland near
Airport Afonso Pena in Sao Jose dos Pinhais, about 10 km from the center of Curitiba, the
State Capital of Parana. Most parts of the region surrounding Curitiba were primarily ...
RlFFT 195 BAEsRE & 5)1-Yan 8l I#E

Life tables for worker honeybees

SF Sakagami, H Fukuda - Researches on population ecology, 1968 - Springer

Summary Life tables for worker honeyhees covering all life span. and those for adults, were
prepared for three seasonal cohorts, June bees, July bees and wintering bees. Survivorship
curves for June and July bees show a convex type being exceptional for insects, with ...

RIRPT 124 FEESEE =2 2/i-Y3 slR IFF

B |6 Biological Observations on a Neotroplcal Parasocial Bee, Eulaema nigrita, with a

Review on the Biclogy {(Hymenoptera, Apidae). A .

R Zucchi, SF Sakagami.. L1969 - eprints lib.hokudai.ac.jp
Biological Observations on 8 et ard cu:ial Bee, Eulaema nigrita, with a Review on
the Biology of Euglossinae (Hymenoptera, Apidae).: A Comparative Study (With 21
Text-figures, 2 Plates and 9 Tahles) ... Author(s) ZUCCHI, Ronaldo; SAKAGAMI, Shaichi ..
RlFT 127 BAEERE & 6)i-Yan 8l IFE

Occurrence of an aggressive behaviour in gqueenless hives, with considerations on the
social organization of honeybee

SF Sakagami - Insectes Sociaux, 1954 - Springer

Recently FARDI ('42-50) recorded the occurrence of a dominancesubordination hierarchy

hased upon interindividual competition in the nest of the paper-wasp, Polistes gallicas L. He

pointed out its phenomenal resemblance to the peck-order found widely among ...

RIFfT 06 PBEESEE £ 2/i-J3 3 1&F

B |6 Distribution and Bionomics of a Transpalaearctic Eusocial Halictine Bee, Lasioglossum
{Evylaeus) calceatum i , with Reference to Its Solitary ...

$ B2 JOURMAL OF ... 1972 -133.87 26.249
In the course ufbmnomlc stume aets aln:tme hee, Lasmglussum (Evvlaeus)
duplex Dalla Tarre, by one of us (SFS, Sakagam and Hayashida 1958-'68, Sakagam and
Fukuda 1972b), we have noticed the presence of another closely similar speciesin .

RIRpcTe BEEEEE £ 6/i-U3 3H T

133.87.26.249 O [PDF]
Full-Text @ dk:BiEAF

Ful-Text @ dLEERE

hokudaiac.jp @ [PDF]
Ful-Text @ dLBERE

Ful-Text @ dLEERE

133.87.26 245 O [PDF]
Ful-Text @ dLEERE

B Specific Differences in the Bionomic Characters of Bumblebees.: A Comparative Review hokudaiac jp ¢ [PDF]

(With 4 Textfigt
SF SAKAGAMIJLmE A SR 2SR D IOURNAL ..., 1976 - eprints2008.lib. hokudai.acjp
The present paper wa fttem as a brief introductory note for the descriptions of nests of
some Japanese bumblebee species. In preparing the draft, it was felt that further studies of
these interesting bees must be undertaken upon a sound comparative basis. This idea ...
RlFFC 7Y BEEERE & 6)i-Ua sl {FF

Full-Text @ dk:BiEAF
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	　学問的には、あまり意味がないと言われる文系と理系の区別ですが、その2つのカテゴリーで大学入試科目が大きく異なっていることから、日本では高校教育の初期からこの2つの系列を分けて教育する伝統が根強く残っています。生物系の私は理系研究者ということになりますが・・・。
	北海道大学にある学部��文系��文学部・教育学部・法学部・経済学部��理系��理学部・工学部・農学部・獣医学部・水産学部�医学部（医学科・保健学科）・歯学部・薬学部�
	理系の理は理学部の理 Science��北海道大学理学部にある学科��数学科�物理学科�化学科�生物科学科（生物・高分子）�地球惑星科学科��しかし、それぞれがあまりにも違うので�「理系研究者」とひとくくりにするのは無理
	私が「理系研究者」を代表することなどできないので�今日は生物系研究者から見た機関リポジトリの話�ということにさせていただきます。
	スライド番号 6
	スライド番号 7
	スライド番号 8
	スライド番号 9
	　世界中から集めた本の倉庫としての図書館から、情報にアクセスするためのポートとしての図書館へと変貌��　もし、自宅やオフィスのPCからすべての情報へのアクセスが可能になれば、図書館はなくてもよい
	スライド番号 11
	生物系の論文ができあがるまで（基本は英語）�　先行研究・関連研究調査 – 図書館で確認�　まだ誰もやっていない研究を行う�　学会で発表する�　論文原稿を作成�　内容・英語文法チェック�　学術雑誌に投稿�　査読・改訂�　採否決定�　掲載手数料、ページ・カラーチャージ等支払い�　配布用別刷・PDF購入�　出版（オンライン・印刷）– 図書館に納入
	我々にとって、研究のゴールは出版で研究が終わったら、論文を書く習慣になっています。�　　卒業論文：研究論文のまねごと�　　修士論文：初歩的研究論文�　　博士論文：本格的研究論文 - 出版義務��出版されていなければ研究されていないのと同じ��　研究は something new でなければならない�　　他でやられていない研究をするために�　　過去の研究を図書館で調べる。そして�　　他でやられていないことを知るために�　　最新の研究を図書館で調べる。�
	スライド番号 14
	北海道大学図書館（facebook page より）
	文献調査（「図書館にこもって」行うものだった）�　過去の論文：�　　製本された昔の学術雑誌・単行本�　　　図書館でコピーして持ち帰る�　　　図書館による文献貸借サービス�　　　図書館による文献コピーサービス�　　　オンライン・アクセス�　最新の研究論文：�　　製本されていない購読雑誌を読む�　　タイトルだけのアナログ Current Contents�　　e-メールによるコンテンツ・アラート�　　　（個々の論文へオンライン・アクセス可能）
	コンテンツ・アラート・メール�
	タイトルをクリックして論文にアクセス�
	その場で PDF をダウンロードできる�
	スライド番号 20
	新着雑誌に関しては大学が購読さえしていれば、図書館に行く必要はまったくなくなったのである。
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